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INDIVIDUAL AND SOCIAL RISK DURING TRANSPORTATION

OF DANGEROUS SUBSTANCES

This article aims to present new views on risk assessment, primarily individual and social risks during transportation of dangerous sub-
stance. Included are modelling procedures and methods applied to calculate dangerous substance exposure to the biodiversity of the environ-
ment, solved in project BIOTRA. New procedures and methods applied for calculation of environmental exposure by dangerous substance

outflows in road transport are also presented.

1. Introduction

The Technical University of Liberec began working on the
project “BIOTRA” in 2008. This project is part of the National
research program in the Czech Republic. Experts from other insti-
tutions cooperate on project solving tasks. The “BIOTRA” project
is aimed at producing methodology for ecological risk evaluations
associated with dangerous goods transport with special focus on
environment and its biotic elements. The main result of the project
“BIOTRA” should be the designing of decision making software
tools for the ecological transportation alternatives selection, which
will also allow determining recommended routes for dangerous
goods in road transport.

2. Threat evaluation regarding road transport

The investigation of threats regarding road transport is cur-
rently one of the central tasks. There are thousands of people
dying on the roads every year. The EU has defined in the White
book the tasks for membership countries to lower numbers of mortal
accidents to the half. According to a statistical annual report, the
results of mortality on Slovak roads as followed:

The development of mortality on Slovak roads Table 1
in 2000 - 2009

Year 2000 2003 2006 2009
Fatalities 628 645 519 386
Percentage according to plan 100% | 102.7% | 82.6% | 61.4%

Source: [9]
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Investigation of accident causes is based on statistical data.
The methods are focused on the identification of particular ele-
ments in the transport system. Therefore, we evaluated each of
following parts separately: Road infrastructure, transport means,
transport technology, specific management and information systems
in road transport. The findings show that the most crucial defi-
ciency was in the quality and capacity of road infrastructure.

3. Potential escape of dangerous substances

The significant threat for transport, human health and the envi-
ronment is the transport of dangerous substances. There are certain
characteristics of such accidents:

e Escape time is limited by the vessel discharge; the worst case is
assumed to be the instantaneous outflow of whole tank volume
to the environment,

e Substance quantity is limited by transport vessel capacity (road
tank, tank car, etc.),

e Qutflow location is not known in advance, it may be situated
wherever on the transport route.

The bandwidth exposure assessment is simpler if a risk map
compilation in the surrounding of the single outflow source or of
whole transport route is available. The problem is simplified to risk
assessment in the profile perpendicular to the route. In a general
case all present conditions are not known, especially atmospheric
stability and wind speed. It is necessary to calculate the probabil-
ity of standard meteorological conditions and these probabilities
to an average according to their representation in locality [1], [7].
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3.1 Explosions

Explosion - probability of the leaking of unconfined gas cloud
into the atmosphere is considerably smaller than the probability of
fire. The basic presumption for explosion is that the concentration
of gas must exceed the lower explosion limit.

The explosion sets in a shock wave. The negative effect is
overpressure on the shock front expressed in pressure units (kPa or
bar). Duration of action is by its effects mostly neglected during
the evaluation.

The recommended methods of effect calculation are based on
trinitrotoluene equivalents. The results from the geometric similari-
ties are that the parameters of shock waves for a given explosive
system are identical to the equal value of reduced distance :

R
- W'
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Where

V4 reduced distance [m],

R = distance from the explosion epicentre [m],

W = explosion system weight [kg], formulated by an equivalent
TNT.

From the calculated reduced distance it is possible to figure
out the overpressure (Pa) on a shock front. This can be founded
on dependence due to the reduction of distance from an explosion
epicentre. Various formulations of this relation can be found in
many different sources. An example of one of many formulas for
calculating overpressure is presented below:

(93,2 383 1275
Ap—<z + zz) 2)
Where Apis overpressure [kPa].
Probit function for human death has a formula:
Y =—16.7 +2.03-In(Ap) (3)

This relation can be used to find probit parameters, e.g. for
eardrums break, building destruction or window break. This helps
to define different types of environment elements damage.

3.2 Fire

In comparison to toxicity, fire takes place in a relatively small
area. It is given by the fact that for the gas ignition there are nec-
essary concentrations between the upper and lower ignition limit.
The lower ignition limit is mostly higher than the concentration of
dangerous gases [2].

Heat radiation is one of the main consequences which affect
the surrounding area of an accident.

Energy released by combustion is given by the formula:
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Where

E = released energy [kJ],

Q = combustible quantity [kg],
AH_ = gas heating power [kJ/kg],

n = radiation ratio of total released energy [-].

In the case of instantaneous outflow the effect depends on the
ignition time because the cloud location, geometry and the gas
quantity change over time.

For the effect evaluation it is possible to use probit functions.
In the case of fire we can use Eisenberg’s formula for human death
probability:

Y=—149+256-InV (%)

The parameters k|, k, in the general probit function are not
dependent on any particular substance whose characteristics are
calculated in regards to the amount of energy released.

Heat exposure dose V' depends on thermal radiation. Thermal
radiation evoked by point source in distance r is given by the fol-
lowing formula:

E
1= ——7— 6
Ar-r*-t ©
Where
I = thermal radiation intensity [kJ],
t = duration of action [s],
r = distance from source [m].

This formula can be used for the case of instantaneous outflow
where the cloud has a semi-ellipsoid form.

From the radiation intensity level and exposure duration it is
possible to assess the received thermal radiation dose V-

V=1"¢ )

Where

I = heat flux [J/(m*s)],

t = exposure time [s],

14 received dose (tdu - thermal dose unit,
1 tdu = 1 (kKW/m>)*3.s).

Human death probability can be determined using a probit
function that results in thermal dosage. According to the thermal
dosage, the probability of different types (burn of 1. and 2. instance)
of injury can also be determined. In a similar manner can it be
specified for fire consequences for fauna. For stationary objects
i.e. buildings, constructions, woods, and plants the probable con-
sequences can be determined on the basis of heat flux whose spe-
cific value evokes wood ignition.
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3.3 Gas dispersion in the atmosphere

The Pasquill - Gifford model “PUFF” is designed for dispersion
modelling in instantaneous outflow conditions. It is a dispersion
model with normal (Gauss) distribution of concentrations and
Lagrange approach. Focus is placed on monitoring gas element
movement in a particular wind field. The gas cloud spread in rela-
tion to the wind direction. At first the cloud expands and the gas
concentration sinks. Later the cloud volume decreases because more
and more gas disperses in insignificant concentrations outside the
cloud [2].

Gas dispersion is affected by wind speed and atmospheric sta-
bility. The atmospheric stability relates to a vertical temperature
drop. It generally holds that when the atmospheric stability grows
then escaped substances travel longer distances until their concen-
tration sinks. On that ground the higher stability classes are regarded
as “bad“ weather conditions for dangerous substance dispersion.

3.4 Bandwidth for liquids

Defining bandwidth assessment of negative effects for liquids
is more difficult than defining bandwidth for gases. There are more
scenarios of liquid spread and also a wider spectrum of potentially
threatened environmental elements. On the other hand, the band-
width is considerably smaller.

The diagram of risk evaluation by dangerous liquid outflow is
shown in Fig. 1. After the liquid flows onto the earth’s surface,
three different processes accompanied with different intensities
begin: Flushing, imbitition and vaporization. These processes are
necessary to simulate simultaneously, because imbitition and vapori-
zation depend on the surface of a created pool. Whereas the flushing
is affected by reduction of liquid, which was absorbed or evapo-
rated. The situation is schematically shown in Fig. 1.

1)
% Evaporation
2

Infiltration

Fig. 1 Diagram of processes by liquid outflow to the terrain

Flushing depends especially on liquid parameters, grade and
surface quality, which in general is the width and depth of a pool
sink when the grade grows. However, the depth depends on the
surface types in discussion. The typical depth on a relatively smooth
surface (asphalt, concrete) is so minimal that it can be expressed
in millimetres. Vegetation greatly increases the effect of contamina-
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tion. This creates further surface damage which results from remain-
ing toxic liquids.

For reasons given it is clear that the solution includes two
basic types of problems:
® physical problems evaluation,
e finding of necessary area characteristics.

4. Road transport risk assessment

Standard methods of traffic effect evaluation of the environment
and are oriented towards exhaust and noise assessment. It is also
possible to analyse case studies of vehicle accidents connected with
dangerous substance outflow. The probability of a major accident
is low; however the consequences may be large. Presently there
are no methods which allow complex road transport risk assess-
ments to focus on dangerous substance potential outflow conse-
quences for the environment.

The risk is possible to quantify and for its acceptability decision
making is this quantification even necessary. Quantitative assess-
ment represents exposure. A numeric value or numeric function can
be used to describe the relation between probability and conse-
quences of existing hazards. Various hazards may include machines,
activities or technologies. These hazards may also include differ-
ent objects or processes that endanger humans as well as the envi-
ronment. Generally, the risk is the product of dangerous event
probability and its consequences [3], [4], [8].

4.1 Outflow calculation and display from
stationary sources

The dispersion models result (air-borne spread, fire, explosion,
spilling) is time variable concentration field of escaped substance.
Generally, they are calculated in several concentration fields for
chosen condition combinations. Concentration field and substance
danger parameters are inputs for respondent answer models to
negative impact. Negative impacts (toxicity, thermal radiation, shock
wave, radioactive radiation) are necessary to be quantified. This is
possible by exposure dose calculation which represents physical,
chemical and biological effects that depend on substance concen-
tration and action time [2].

4.2 Social risk

Social risk = Accident probability x consequences.

Consequence = exposed human death probability x the number
of threatened people.

Unit individual risk = Individual risk for ever-present unpro-
tected person by unit accident probability.

Unit social risk = Individual risk modified according to pres-
ence period, protection level and number of threatened people by
unit accident probability.
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Fig. 2 Example of human death probability by toxic exposure in dependence on source distance x and y (instantaneous outflow 1000 kg NH3,
atmosphere stability class E, wind speed 1.7 m/s)

Death probability is different for group of people accordingto | Whereas
their protection level (reduced individual risk according to cate- | IR; Represents an individual risk unit in the j-partial area,

gories). H, =number of people i-category in j-area,
h; = people protection level coefficient
i-category

4. 3 Unit social risk

SR, = Y (IR-Y(H, )) ®)
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Fig. 3 Effective death probability depending on the distance from the source
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Fig. 4 Schema of segments road distribution and reference point network lay-out.
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5. Data import to GIS

Importing data to the GIS software is it useful to define areas
with an approximate identical individual risk value. Individual risk
decreases from the accident source. If we do not consider wind
direction, individual risk is uniformly distributed around a specific
source [4].

5.1 Outflow calculation and display from mobile sources

Mobile sources move on a defined trajectory. An accident can
happen at any point on a trajectory, but only at one point for a par-
ticular type of transport. Individual risk at certain point can be
expressed as a sum of risks from single road segments. The situa-
tion is systematically shown in Fig. 5 [5].

REVIEW

The road is divided into small segments s so that the distance
r between reference points [x,, y,] and each point of a defined
segment can be assumed as constant. The cloud width E(r), prob-
ability P(r) for a single meteorological situation and average (total)
probability P,(r) is constant for a defined segment. The road seg-
mentation should be taken into consideration that the accident
probability P,(si) is constant inside a segment. Then:

P(x.y) = ZP,, (s) Pu(r),s, 9)

Where
P(x,, y,)= total death injury
(lethal dose) probability in a single point [x,, y,],
P,(s;) accident probability in a single segment expand to the route
unit length [m '],
length of route a single segment i [m],

S

Fig. 6 Address points, number of people, unit social risk for single road parts (20 m)
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Fig. 7 Possible version of selected road network segments for dangerous goods transport with implemented exposures in the Czech Republic (pink
colour - dangerous goods transport ban according to law)

P,(r); average death (injury) probability/(lethal dose) in a cloud
axis,
i route segment index.

Individual risk can be determined in point network according
to the death or injury impact contours, which surround the traffic
route. The illustration of network distribution and final individual
risk maps can be found in the next figure below. It is evident that
the enhanced risk is the curve inside the meandering road where
the interest point can be affected by accidents in more parts of the
traffic route.

5.2 Road network assessment for the transportation
of dangerous goods

According to the risk maps, the road segments can be deter-
mined [6], [7]. Based on those road segments is it possible to define
a route with minimal social and individual risks. It is possible to:
1. Displays risk maps
2. Uses the data/maps for assessment in the transportation of

dangerous goods and to find recommended routes.

6. Conclusion

This paper represents the present status of the project BIOTRA
(2B08011). Currently half of the research was conducted therefore
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