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

Abstract: A large part of the transport of hazardous malgiis carried out by rail. Therefore,
the security of these transports is becoming irstngdy important. Every catastrophe
involving dangerous materials has a negative impacthe participants of the incident and
the surrounding environment, because its rangenemlly not local. It follows that in the
event of a catastrophe, its effects should be mmadhand remediation should be considered
in further actions. This whole process of minimiaatis possible only when we know the
mechanism of spreading the effects of a catastraphaving hazardous materials in the
track, subgrade and ground. It should be rememhibi@dn an extreme case, a catastrophe
involving hazardous materials may even lead to @logical disaster. Dynamic systems,
especially those with distributed parameters, carused to describe the mechanism of the
disaster's spread. Properties of phenomena accempgaie analyzed catastrophes are well
reflected in their linear or non-linear mathemdticendels 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 ¢boeditions that dangerous goods should be
transported, because it is regulated by relevagpilations. Such transports must meet very
strict safety requirements. However, it often osdar various reasons to the risks associated
with the carriage of dangerous goods. This is mdy @bout the transport of dangerous
chemicals, but also explosives, technical gasesermals that generate flammable gases in
contact with water, etc. These dangerous substgmoes a threat to human, animal and
environmental life. Transporting large quantitiésheese materials is a problem, for example,
large quantities of H2SO4 sulfuric acid are tramsgah as well as legally or illegally,
particularly from abroad, of various types of ga®aAs a result of the uncontrolled release
of significant quantities of dangerous substancé wxidizing, flammable, toxic, etc.
properties to the environment (leakage during &somh - collision, derailment, unsealing of
the tanker during transport, etc.) there may lbiskaaf ecological disaster.

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

All these events have a negative impact on thevagilbedrock (Figure 2).
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1. Railway disasters: a) in the Canadian provinc8aftkatchewan on 7/10/2014;

b) in Wydminy on 2 January 2016. Sources: YouTube

2. The‘ng
The catastrophe in Szczygtowice 05/23/2002 [10]

Collisions and derailments should also be lookedsafollows: What if there were

dangerous goods on the train?

Railway disaster usually accompanies [5]:

Leakage of petroleum materials from tanks - no (iregative impact of petroleum
compounds on the bedrack)

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

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

the spread of dangerous volatile compounds, etc.
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All these materials have a negative impact ortrének bed and its elements, e.g. under
their influence the basic properties of geosyntsetised in the substructure construction (e.g.
embankments, excavations) change in terms of gegmeability, strength, and deformation.
The widespread use of geosynthetics for the groeimforcement in the subgrade and related
retaining constructions or the strengthening ollataverns by geosynthetics causes their
mobilization to stretch. Under these new conditjotise nature of the geosynthetic
cooperation changes. Material characteristics chuse high temperatures and chemical
agents change, and the characteristics and panmsntstscribing the behavior of the contact
zone change. They are different from those accaptdte design or theoretical studies of the
dependence of cooperation (primer - geosynthetigodr- geosynthetic - soil, etc.) and this
fact should be taken into account when remedigthg

Cooperation between the geosynthetics and theeslisnof the railway subgrade can
be described using the d'Alembert operator marked the symbol. This leads to a partial
differential equationfu=f(x,y,zt). In this equationf (xy,z_t) it is characterized by a

continuous replacement load,y, z are coordinates of a poitCQ AT the moment, auis
a function of the appropriate class in the get<0,0) and denotes the deflection

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

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

-t l—(—)—(—)

1 ) duwy, dd(P, FD]] flf[FD,I‘]
:xd[P P;) ( ) an J-_H d(P, FD]

In the last formula, the symbols as in [4] wereopidd This model describes
cooperation in typical conditions (without takingto account the influence of hazardous
materials). Their influence in this formula cantbken into account by identifying the model
due to the parametex existing in the formula using multidimensional mbdeboratory
research - ground-geosynthetic cooperation.

The leakage of hazardous materials also affectstti®lization of mixtures such as ash and
slag mixtures used, inter alia, for the constructd embankments. Hydraulic binders such as
lime, cement, Terramix, Solitex etc. can be used.he

In the event of a catastrophe involving tanks wddngerous substances and in the

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

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

All these phenomena are dynamic processes [7],hndme especially uncontrollable in
the initial phase and we should strive to allow titamsition to controlling these processes in
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the shortest possible time because then the ingbalse disaster can be reduced, especially in
relation to the subgrade and will be facilitated &8s expensive remediation [5, 6].

About modeling the effects of a catastrophe
In general, it can be assumed that the effectsrafl\@ay disaster are spreading according to
the principle that is well described by the solns®f the partial differential equation
i@@}@ )
ox\ ox) ot
with a constant D characterizing the analyzed mecmder a given condition
u(x,0) =¢(x)
Each solution to this differential problem is noero immediately after the
beginning of the process and demonstrates the sppehd of the effects of the disaster.
The solution to the problem is also a function déstgy the development of the phenomenon
depending orx (location) andt (time) for a very non-smooth initial conditione.i.for ¢(x)
determined by the Dirac distribution. This refletttse case of a very "sudden" appearance of a
negative phenomenon accompanying disasters ingpldangerous materials at the moment
t=0 (rys.3).
This function also shows that the phenomenon apanying the disaster disappears
with time, until it finally disappears.

Emission of the effects of a catastrophe in the gomd [6]
Pollution from disasters can dissolve in water a@veawith it as a slurry. In the case of a
disaster involving hazardous materials, it is inm@otr to model the propagation of
groundwater pollution. Petroleum compounds get theoground not only in the event of a
collision or derailment but also as a result ofidesctal floods during transport, filling,
transfer, etc. They contain toxic compounds suchbeszene, toluene or xylenes. In
unfavorable conditions, they can migrate over Idisgances, and the cleaning of groundwater
is associated with high costs. The assessmenteoitpact of these and other pollutants on
groundwater quality, and especially the design ehsures to minimize the negative effects
of contamination requires the creation of modelat tvill allow for qualitative and
guantitative prediction of migration of pollutants the ground of the subgrade, including
geosynthetics. These migrations depend on the Bgdiogical properties of the soil.
Pollutants that get into the ground flow down unther influence of gravity and thanks to the
permeability of the medium they reach the undengdowater. This flow through the porous
medium describes Darcy's law [1]
g=-KAO/L

whereq is the flow of water through a section of the nuediwith a unit cross-sectional area
and volumeL in a unit of time at a hydraulic slopk®. K is the hydraulic conductivity
coefficient, and the minus sign means that the ftbrection is opposite to the direction of
potential growth.

If g is a vector unit flow, then for an isotropic mediui.e. a medium in which the
permeability is not dependent on the direction,dy’srlaw has the fortn
g(x,t) = —K(x)gradd(x,t)

For the anisotropic medium in which the permesabiiepends on the direction, the
hydraulic conductivity is the tensor representedigysymmetrical matrix of the form

Kx X K—I » Kx =
K=|Ky Ky K
K, K, K

ZXx Z¥ ZZ

which after entering the appropriate coordinateéesyscan be reduced to a diagonal form
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The equation of mass behavior at constant watesityer a form [2]
10V,
—divg=——-2Xx .
V, ot
If
19V, 13Y,00
V, ot V, dp ot
so using the elastic filtratich, which is defined by the formula
_14v,
RArrS
0o 09
WhereV, andV, mean respectively the volume of the medium andvttiame of
water can be saved using the Darcy equation

div(K(X)grad®d) = § D% (2)
In the last equation, there is a quantity whoserdanhation allows to determine the

unit flow and this is the basic equation describthg movement of water, which is the

medium responsible for the spread of contaminapofiution in the trackbed.

If we accept the coordinate system so that theotalswill be a diagonal tensor, then the last

equation will simplify and take the form

2(1,20).. 21 90, 3 20)_ 0o
ox ox) oyl Yoy oz\ ‘oz ot

In the case of a homogeneous, isotropic medium Jastedifferential equation will

take the form
g @p  #py_ . d _ _ —

K(3Z+52+55) =S5 K=K. =K, =K,

If the flow is stationary, then f@rwe get the Laplace equation of the form
¥@+#@+#@_D
dx? dy? 9z° B _

This equation can be solved using a non-classicedunt of operators with many
derivatives or by approximation of laplacian usihg flow in a tube of diametér[7].

If the pollution changes the density of water, i®=p(c) , where ¢ is the
concentration of contamination then the mass beha&guation will take the form [9]

o 19(pv,)
_d|v = _\"wJ
SRV
We calculate% and use the formulaliv pg = qgradp + pdivg from field
theory.
We obtain
d(pV,)  dp av,,
= V‘W_ pP—
dt dat dat
o)
1 d(pV,) Wydp padV, . 3
— Ll WP P v _Ggradp — pdi
v, ot v, 9t v, o | dgraee— paivq
o)
" . Ve dp a
—ggradp — pdivg =¥ — + pS,—
dgradp = pdivg =3 50 +pPSe,
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Assuming thate = E—* is the porosity of the center, the last dependeacebe written

in the form
—qgradp — pdi *—Pa—p+ 5@
garadp — palvg = 3t P 3¢

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

As mentioned, a railway disaster involving hazaglmaterials may be accompanied
by fire. It is additionally dangerous if, for exalapa gas pipeline runs nearby. Then such an
uncontrolled increase in the temperature of thektiaed may additionally lead to a gas
explosion and cause further losses. This changeniperature also has a negative impact on
the mixes used to build the track bed, as welhasapplied reinforcement with geosynthetics.
In this case, it is important to describe the waltthanges in temperature in the ground. They
can be determined from the equation

d(cT) @ (KﬂT)

ot dz\ dz
where T is the temperature, c is the thermal caépacithe unit of ground volume, and K is
the thermal conductivity of the ground. Using theguation, you can determine the
temperature distribution depending on time and ldgpigure 4), and by attaching the
component to itf (zt) characterizing the temperature source, you caitiaaally take into

account the influence of the heat emission sourhe.last differential equation is analogous
to the equation (1), although it describes anofftesnomenon occurring in the track bed,
however, from a mathematical point of view, it hthg same properties as (1) [3]. The
extinction of changes caused by a catastrophemamd precisely its effects according to the
last equation, takes place in time (Figure 3), alt &s the depth increase (Figure 4). This also
applies to propagation of vibrations, e.g. fromeaplosion.

From this, it follows that the negative effectsao€atastrophe from the point of view
of their course behave, as shown in Figures 3 a@ad tbng as we liquidate the source or limit
(reduce) its operation. Therefore, in order to fithie negative consequences of a railway
disaster, their source (leak, explosion, fire) $tidne eliminated in a short time or at least its
range should be reduced. By doing this, you cam latst its negative impact, among others,
on the railway track.

16


http://mostwiedzy.pl

A\ MOST

Transportation Overview - Przegl Komunikacyjny 10/2018

3. The spreading of the phenomenon in time witlsutdden appearance in the initial moment
in the form of distribution

powierzchnia

hi

h2

hz

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

As a result of railway disasters involving hazarslonaterials, there may be eg fires,
air contamination, subgrade and further groundewat

Disasters involving hazardous materials cause ni#sgsters, fatal poisoning, burns,
etc. They have a negative impact on the environment

In the event of a disaster, its negative effecsukhbe minimized and remediation
carried out.Knowledge of the properties and couséephenomena accompanying rail
disasters involving hazardous materials reduceaséffects and facilitates remediation.

The properties of phenomena accompanying the zedlglisasters are well reflected
in their mathematical models relating to air, waded ground flow, including the flow of
heat.

The phenomena accompanying the analyzed catassragre be studied using the
operator methods, and the results obtained inipeact

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