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Hazardous material-related propagation of the effects of train accidents in the subgrade

Abstract: A large part of the transport of hazardous materials is carried out by rail. Therefore,
the security of these transports is becoming increasingly important. Every catastrophe
involving dangerous materials has a negative impact on the participants of the incident and
the surrounding environment, because its range is generally not local. It follows that in the
event of a catastrophe, its effects should be minimized and remediation should be considered
in further actions. This whole process of minimization is possible only when we know the
mechanism of spreading the effects of a catastrophe involving hazardous materials in the
track, subgrade and ground. It should be remembered that in an extreme case, a catastrophe
involving hazardous materials may even lead to an ecological disaster. Dynamic systems,
especially those with distributed parameters, can be used to describe the mechanism of the
disaster's spread. Properties of phenomena accompanying the analyzed catastrophes are well
reflected in their linear or non-linear mathematical models analyzed using various operator
methods.
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Railway disasters and their impact on the track
The purpose of the article is not to deal with the conditions that dangerous goods should be
transported, because it is regulated by relevant regulations. Such transports must meet very
strict safety requirements. However, it often occurs for various reasons to the risks associated
with the carriage of dangerous goods. This is not only about the transport of dangerous
chemicals, but also explosives, technical gases, materials that generate flammable gases in
contact with water, etc. These dangerous substances pose a threat to human, animal and
environmental life. Transporting large quantities of these materials is a problem, for example,
large quantities of H2SO4 sulfuric acid are transported, as well as legally or illegally,
particularly from abroad, of various types of garbage. As a result of the uncontrolled release
of significant quantities of dangerous substances with oxidizing, flammable, toxic, etc.
properties to the environment (leakage during a collision - collision, derailment, unsealing of
the tanker during transport, etc.) there may be a risk of ecological disaster.

The situations mentioned above are most often encountered in the case of derailment
or collision (Figure 1).

All these events have a negative impact on the railway bedrock (Figure 2).
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1. Railway disasters: a) in the Canadian province of Saskatchewan on 7/10/2014;

b) in Wydminy on 2 January 2016. Sources: YouTube
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2. The negative ipact of the railway disaster on the track.
The catastrophe in Szczyglowice 05/23/2002 [10]

Collisions and derailments should also be looked at as follows: What if there were
dangerous goods on the train?

Railway disaster usually accompanies [5]:

e Leakage of petroleum materials from tanks - no fire (negative impact of petroleum
compounds on the bedrack)

e leakage of petroleum-derived materials from tanks connected with a fire (additionally
a negative influence of temperature on the bedrack)

e leaking other hazardous materials (e.g. chlorine, sulfuric acid H2SO4 - negative effect
of chemical compounds on the bedrack)

o the spread of dangerous volatile compounds, etc.
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All these materials have a negative impact on the track bed and its elements, e.g. under
their influence the basic properties of geosynthetics used in the substructure construction (e.g.
embankments, excavations) change in terms of their permeability, strength, and deformation.
The widespread use of geosynthetics for the ground reinforcement in the subgrade and related
retaining constructions or the strengthening of local caverns by geosynthetics causes their
mobilization to stretch. Under these new conditions, the nature of the geosynthetic
cooperation changes. Material characteristics caused by high temperatures and chemical
agents change, and the characteristics and parameters describing the behavior of the contact
zone change. They are different from those accepted in the design or theoretical studies of the
dependence of cooperation (primer - geosynthetic or soil - geosynthetic - soil, etc.) and this
fact should be taken into account when remediating [4].

Cooperation between the geosynthetics and the elements of the railway subgrade can
be described using the d'Alembert operator marked with the symbol. This leads to a partial
differential equation [Ju= f(x,y,z,1). In this equation f(x,y,z¢t) it is characterized by a

continuous replacement load, x, y, z are coordinates of a point P Q AT the moment ¢, a u is
a function of the appropriate class in the set Qx<0,0) and denotes the deflection

(displacement, change of the position of the P points of the geosynthetic and its
surroundings).

Using the non-classical operators' methods, we can save
u(x, v, z,t) = u(P,t) =

-t l—(—)—(—)

rarrt (5 o dee ) w Sy

In the last formula, the symbols as in [4] were adopted. This model describes
cooperation in typical conditions (without taking into account the influence of hazardous
materials). Their influence in this formula can be taken into account by identifying the model
due to the parameter a existing in the formula using multidimensional model laboratory
research - ground-geosynthetic cooperation.

The leakage of hazardous materials also affects the stabilization of mixtures such as ash and
slag mixtures used, inter alia, for the construction of embankments. Hydraulic binders such as
lime, cement, Terramix, Solitex etc. can be used here.

In the event of a catastrophe involving tanks with dangerous substances and in the

event of their unsealing, contamination (pollution) spreads in the air and soil of the subgrade.
In the case of lands, it is known that the change of environmental factors (thermal, chemical,
biological) affects the mechanical - strength behavior of the subgrade.
The flow of liquid hazardous materials through drainage ditches means that they also
penetrate deep into the ground, penetrate into groundwater and, in some unfavorable cases,
they can reach rivers or water reservoirs. In each of these cases, they are a source of
dangerous pollution.

Contamination of groundwater from the unsaturated zone (soil waters, membranous
waters, capillary waters) and groundwater from the saturated zone and waters with an open
flow (with a free surface) is dangerous from the point of view of threats to the natural
environment [8].

All these phenomena are dynamic processes [7], which are especially uncontrollable in
the initial phase and we should strive to allow the transition to controlling these processes in
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the shortest possible time because then the impact of the disaster can be reduced, especially in
relation to the subgrade and will be facilitated and less expensive remediation [5, 6].

About modeling the effects of a catastrophe
In general, it can be assumed that the effects of a railway disaster are spreading according to
the principle that is well described by the solutions of the partial differential equation
2[pr) O
ox\ oOx) ot
with a constant D characterizing the analyzed process under a given condition
u (x, O) = (D(x)
Each solution to this differential problem is non-zero immediately after the
beginning of the process and demonstrates the rapid spread of the effects of the disaster.
The solution to the problem is also a function describing the development of the phenomenon
depending on x (location) and ¢ (time) for a very non-smooth initial condition, i.e. for ¢(x)
determined by the Dirac distribution. This reflects the case of a very "sudden" appearance of a
negative phenomenon accompanying disasters involving dangerous materials at the moment
=0 (rys. 3).
This function also shows that the phenomenon accompanying the disaster disappears
with time, until it finally disappears.

Emission of the effects of a catastrophe in the ground [6]
Pollution from disasters can dissolve in water or move with it as a slurry. In the case of a
disaster involving hazardous materials, it is important to model the propagation of
groundwater pollution. Petroleum compounds get into the ground not only in the event of a
collision or derailment but also as a result of accidental floods during transport, filling,
transfer, etc. They contain toxic compounds such as benzene, toluene or xylenes. In
unfavorable conditions, they can migrate over long distances, and the cleaning of groundwater
is associated with high costs. The assessment of the impact of these and other pollutants on
groundwater quality, and especially the design of measures to minimize the negative effects
of contamination requires the creation of models that will allow for qualitative and
quantitative prediction of migration of pollutants in the ground of the subgrade, including
geosynthetics. These migrations depend on the hydrogeological properties of the soil.
Pollutants that get into the ground flow down under the influence of gravity and thanks to the
permeability of the medium they reach the underground water. This flow through the porous
medium describes Darcy's law [1]
q=—-KAD/L

where ¢ is the flow of water through a section of the medium with a unit cross-sectional area
and volume L in a unit of time at a hydraulic slope A@. K is the hydraulic conductivity
coefficient, and the minus sign means that the flow direction is opposite to the direction of
potential growth.

If ¢ is a vector unit flow, then for an isotropic medium, i.e. a medium in which the
permeability is not dependent on the direction, Darcy's law has the form¢
g(x,t) = —K(x)gradd(x,t)

For the anisotropic medium in which the permeability depends on the direction, the
hydraulic conductivity is the tensor represented by the symmetrical matrix of the form

iy K K

XX XN XE
K=|Ky Ky K
KH =4 KH ¥ KE’ =

which after entering the appropriate coordinate system can be reduced to a diagonal form
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The equation of mass behavior at constant water density is a form [2]

ov,

—divg =
v, ot

If
1oV, 10V, 04
v, ot V, 0¢ ot
so using the elastic filtration5,, which is defined by the formula
1 ov,
V o’
Where ¥V, and ¥V, mean respectively the volume of the medium and the volume of
water can be saved using the Darcy equation
div (K(%) grad®) = 5,5 )
In the last equation, there is a quantity whose determination allows to determine the
unit flow and this is the basic equation describing the movement of water, which is the
medium responsible for the spread of contamination, pollution in the trackbed.

If we accept the coordinate system so that the tensor K will be a diagonal tensor, then the last
equation will simplify and take the form

) e
ox ox) oy "oy) oz\' "oz ot

In the case of a homogeneous, isotropic medium, the last differential equation will
take the form

5

0=

“’] Soo, K=K, =K, =K.

. Ifﬂ the ﬂoyv is stationary, then for@ we get the Laplace equation of the form
o°9 9@ o9°0
dx? * dy? * dz? _

This equation can be solved using a non-classical account of operators with many
derivatives or by approximation of laplacian using the flow in a tube of diameter & [7].

If the pollution changes the density of water, i.e. p =plc) , where c is the
concentration of contamination then the mass behavior equation will take the form [9]

=0

o1 a(pV)
_d —
vpg = Vo >
We calculate 2% and use the formula div pq = gqgradp + pdivg from field
theory.
We obtain
a(pV, ) dp av,
=V, —4+p—2
dt dat dat
SO
1 d(pV,) Wydp padV, . 4
= Pl w8 PP Ggradp — pd
W et v, ot v, ar | dgrade—pdivq
SO
" . Ve dp a
—Ggradp — pdivg =% 4 ps =
dgradp — pdivg =32 + PS5,
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Assuming that P = :j—" is the porosity of the center, the last dependence can be written

in the form
—qgradp — pdi *—P'a—p+ 5%
agraap — palvq =F—- T p °3t.

With small changes in density, it can be assumed that the first components on both
sides of the last equality are small enough and can be omitted. After taking this fact into
account, in this case, we will also get the equation of the form (2). This means that in the next
model we get the same equation describing a given problem. It follows that the spread of
dangerous compounds in the ground caused by the railway disaster can generally be described
by the equation (2) and used in practice to limit its negative effects, including in relation to
the subgrade.

As mentioned, a railway disaster involving hazardous materials may be accompanied
by fire. It is additionally dangerous if, for example, a gas pipeline runs nearby. Then such an
uncontrolled increase in the temperature of the track bed may additionally lead to a gas
explosion and cause further losses. This change in temperature also has a negative impact on
the mixes used to build the track bed, as well as the applied reinforcement with geosynthetics.
In this case, it is important to describe the vertical changes in temperature in the ground. They
can be determined from the equation
d(el) @ (K ﬂ_T)

dt dz\ dz/,
where T is the temperature, c is the thermal capacity of the unit of ground volume, and K is
the thermal conductivity of the ground. Using this equation, you can determine the
temperature distribution depending on time and depth (Figure 4), and by attaching the

component to it f(z,7) characterizing the temperature source, you can additionally take into

account the influence of the heat emission source. The last differential equation is analogous
to the equation (1), although it describes another phenomenon occurring in the track bed,
however, from a mathematical point of view, it has the same properties as (1) [3]. The
extinction of changes caused by a catastrophe, and more precisely its effects according to the
last equation, takes place in time (Figure 3), as well as the depth increase (Figure 4). This also
applies to propagation of vibrations, e.g. from an explosion.

From this, it follows that the negative effects of a catastrophe from the point of view
of their course behave, as shown in Figures 3 and 4, as long as we liquidate the source or limit
(reduce) its operation. Therefore, in order to limit the negative consequences of a railway
disaster, their source (leak, explosion, fire) should be eliminated in a short time or at least its
range should be reduced. By doing this, you can also limit its negative impact, among others,
on the railway track.
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3. The spreading of the phenomenon in time with its sudden appearance in the initial moment
in the form of distribution

powierzchnia

i

h

hz

4. Change in temperature and other effects of a catastrophe in the track,
along with a change in depth.
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Summary
The number of transports of dangerous goods is constantly growing, among them transport of
these materials by railways.

As a result of railway disasters involving hazardous materials, there may be eg fires,
air contamination, subgrade and further ground, water.

Disasters involving hazardous materials cause many disasters, fatal poisoning, burns,
etc. They have a negative impact on the environment.

In the event of a disaster, its negative effects should be minimized and remediation
carried out.Knowledge of the properties and course of phenomena accompanying rail
disasters involving hazardous materials reduces their effects and facilitates remediation.

The properties of phenomena accompanying the analyzed disasters are well reflected
in their mathematical models relating to air, water and ground flow, including the flow of
heat.

The phenomena accompanying the analyzed catastrophes can be studied using the
operator methods, and the results obtained in practice.

The negative impact of a railway disaster on the track bed is also connected with its
construction in which geosynthetics, mixtures, etc. sensitive to the effects of various chemical
compounds or temperatures can be used.
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