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Abstract. Purpose. Development of a numerical model to calculate the dynamics of ground waters contamination after
spillages at railways and ground waters protection by using underground wall. Methodology. For the numerical simulation of
contaminant transport in ground waters the 2D transport equation is used. This equation takes into account the effect of ground
waters speed, dispersion process, the intensity of emission. For the numerical integration of the governing equation of contaminant
transport the implicit finite-difference splitting scheme is used. The numerical calculation is divided into fifth steps of splitting and at
each step of splitting the unknown value of the contaminant concentration is determined by the explicit scheme which is called “
scheme of running calculation”. On the basis of the numerical model generic model was developed. To code the finite — difference
equations FORTRAN language was used. Computational experiments were carried out to estimate the possible contamination zone
after spillage at Pridneprovskaya railway. Findings. The proposed model allows you to calculate the ground waters contamination
due to the spillage of different cargo at railways. The model allows to determine the size of the ground waters contamination and its
dynamics after spillage at railways. This model also allows to predict the contamination area development in the case of underground
wall application to reduce dimensions of contamination area. Results of numerical experiments are presented. Originality. An
efficient numerical model allowing to calculate quickly the ground waters contamination after spillages at railways was developed.
Practical value. The developed numerical model can be used to estimate the size and intensity of contamination zone after spillages
at railways. With the help of the developed numerical model it is possible to solve the problem of assessing the impact of accident
spillage at railways and develop protection measures.
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AnHoraunus. I]ens. Pa3paborka 4ucCIeHHOW MOZENH AN pacdeTa AWHAMUKH 3arps3HEHUS ITOJ3EMHBIX BOZ IIOCIE PA3JIMBOB Ha
JKEJIE3HBIX JOPOrax Y 3alllUThl NOA3EMHBIX BOJ C UCIOIB30BAHUEM IIOJ3EMHBIX CTCHOK. Memoouka. J1j11 4MCIEHHOr0 MOIEIUPOBAHUS
MIepeHoca 3arpsA3HEHHH B TPYHTOBBIX BOJAX HCIOIB3YETCs JBYMEPHOE ypaBHEHHE MEPeHOCAa. JTO YPaBHEHHE YIWTHIBACT BIIMSIHHUE
CKOPOCTH TIPYHTOBBIX BOJ, JHUCICPCHOHHOIO IIPOLIECCA, HWHTEHCUBHOCTH 5SMHUCCUHU. [l YHCIEHHOIO WHTEIPUPOBAHUS
MOJEIIUPYIOLICIO YPABHEHUS IEPEHOCA 3arPA3HEHUI UCIIONb3YEeTC s HEsIBHAS KOHEUHO-PAa3HOCTHAS CXeMa paculeIicHus. YnucneHHbIi
pacueT pasfeicH Ha IIATh ATAlOB PACHICIUICHUS, M Ha KAaXKAOM OTale paclICIICHUS HEU3BECTHOE 3HAUCHHWE KOHLCHTPALUU
3arpsI3HATES ONpeersieTcs 110 IBHOH cXeMe, KOTopast Ha3bIBaeTCsl «CXeMol Oerymiero cueta». Ha ocHoBe umcneHHo# Monenn Obla
pa3paborana obmast Moxenb. I KOAWPOBaHMS KOHEYHO-PA3HOCTHBIX ypaBHeHHH wucnomb3zoBaicst GOPTPAH. Ilposenenst
BBIYHCIIUTEIBHBIC DKCICPUMEHTHI JUIS OLCHKM BO3MOMKHOM 30HBI 3arps3HCHUA IOCNIE pas3auBa Ha IIpuaHENpOBCKOH KeIe3HOH
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nopore. Pesynsmamet. IlpemnokeHHas MOIETb IIO3BOMISIET PACCUMTATh 3arpsA3HEHHE IIOJ3EMHBIX BOJ B PE3yIbTAaTe pPa3jIHBa
Pa3IMYHBIX TPY30B HA JKEJE3HBIX JOpOrax. Mojeib MO3BOMSET OMPEACIIUTE pa3Mep 3arps3HEHUS TPYHTOBBIX BOJX M €0 JUHAMHKY
IIOCTIE pa3fiBa Ha JKEIE3HBIX JOpOrax. JTa MOAENb TAKXKe IMO3BOISET NPOTHO3MPOBATH PA3BUTHE 30HBI 3arpsi3HEHHS B CIydae
MPUMEHEHUSI TOA3EMHBIX CTEH M YMEHBIICHUS pa3MEepoB 30HBI 3arps3HEHUs. [IpHBOAATCS pe3yinbTaThl UHCICHHBIX
skcriepuMenToB. Hayunaa noseusna. Pazpaborana s dexrrBHas icIeHHAs MOJENb, MO3BOJISIONIAS OBICTPO PACCUMUTAThH 3arpS3HEHHE
TPYHTOBBIX BOJ ITOCIIE PA3INBOB Ha XKENE3HBIX Joporax. JIpakmuueckas 3nauumocms. PazpaboTaHHYIO YHCICHHYIO MOAEIH MOXKHO
HCIIONB30BaTh ISl OICHKH pa3Mepa M MHTEHCHBHOCTH 30HBI 3arpsA3HEHUS IIOCIE Pa3lMBOB Ha KeNIe3HbIX jJoporax. C moMompio
pa3paboTaHHON YHUCICHHON MOIEIH MOXKHO PEIIUTh MPOOJIeMy OLCHKN BO3ACHCTBUS aBapUIHBIX PA3IMBOB HA XKEJIE3HBIX JOPOrax u
pa3paboTaTb MEpHI 3aIUTHL.

Kniouegvie cnosa: 3arpA3HCHUC T'PYHTOBBIX BOJ; YACICHHOC MOACIUPOBAHUEC, TIOI3EMHAA CTCHA
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AHorauis. Mema. Po3poOka ducessHOI MOJETI UT pO3paxyHKy AUHAMIKH 3a0pyIHEHHS MiI3eMHUX BOJ MICIISt PO3IHBIB Ha
3aTI3HUIAX 1 3aXUCTY IiA3€MHHUX BOJ 3 BUKOPUCTAHHIM Ii3€MHHX CTiHOK. Memoouka. JInis1 9ucenbHOr0 MOAETIOBAHHS IEPEHOCY
3a0pyIHEHb B TPYHTOBHX BOJAaX BHKOPHCTOBYETHCS IBOBHMIpHE PIBHSHHS IepeHocy. Lle piBHSHHS BpaxoBye BIUIMB IIBHIKOCTI
TPYHTOBHUX BOJ, AUCHEPCIHHOTO IIpolecy, IHTEHCUBHOCTI emicii. [yt 4ncenbHOro iHTerpyBaHHS MOJEIIOIOUOr0 PiBHSIHHS MEPEHOCY
3a0pyIHEHb BHKOPHCTOBYETHCS HEsSBHA KiHI[EBO-PI3HMIIEBA CXEMa PO3IICIUICHHS. UMCenbHHIT pO3paxyHOK PO3MIICHHH Ha IT'SITh
€TariB PO3IICIUICHHS, 1 HA KO)KHOMY €Talli pO3IICIUICHHS HEeBiIoMe 3HAUeHHSI KOHIIEHTPAIi]l 3a0pyAHIOBaYa BU3HAYAETHCS 32 SIBHOIO
CXEMOIO, KA HAa3MBA€THCS «CXEMOI0 OiXydoro paxyHky». Ha ocHOBi uncensHOI Mozeni Oyma po3pobieHa 3arajabHa Mopens. st
KOIYBaHHS KiHIIEBO-pi3HMIEBUX pPiBHSAHB BukopuctoByBaBcsi GOPTPAH. IlpoBeneHo o0umciioBagbHI €KCICPUMEHTH JUIS OLiHKH
MOXXJIMBOI 30HM 3a0pygHEHHs micist po3nuBy Ha IlpumHinpoBcewkiii 3amizauii. PesynabTaTn. 3ampornoHoBaHa MOAENH JO3BOINSE
po3paxyBaTH 3a0pyIHEHHS IiA3€MHHUX BOJ B PE3YyJIbTATi PO3IMBY Pi3HHX BAHTAXIB HA 3ali3HUIX. MOJETb NO3BOJISE BH3HAYUTU
po3Mip 3a0pyIHEHHS IPYHTOBHX BOJ 1 HOTO JMHAMIKY IICIS PO3NHMBY Ha 3ali3HUILIX. LIS Momens Takok JO3BOJSE MPOTHO3YBATH
PO3BUTOK 30HM 3a0pyIHEHHS y pa3i 3acCTOCYBaHHS IiA3EMHHX CTiH ISl 3MEHIICHHS po3MipiB 30HM 3a0pymHeHHs. HaBomarbes
pe3yabTaTH 4YHCeNbHNX ekcrnepuMmeHtiB. Haykoea noeusna. Po3pobieHO e(eKTHBHY UHCENBHY MOJENb, IO JO3BOJSIE IIBHAKO
po3paxyBaTH 3a0pyqHEHHS TPYHTOBHX BOJ IIICIS PO3NUBIB Ha 3ami3HULSX. [Ipakmuuna 3nayumicms. Po3poOneHy dHceNbHY
MOZENTb MOXHA BHKOPUCTOBYBATH IS OLHKM PO3MIpPy Ta IHTEHCHBHOCTI 30HM 3a0pyIHEHHS IICIS PO3NMBIB Ha 3ali3HUIAX. 3a
JIOTIOMOTOI0 pO3pO0JIeHO] YHCeTbHOI MOAEN MOXKHA BUPIIINTH NpOOJIEeMy OIiHKM BIUIMBY aBapiHHUX PO3JIMBIB Ha 3aNi3HHUIMX 1
PO3pOOHTH 3aXO/IH 3aXHCTY.

Kniouosi cnosa: 3a0pynHeHHS IPYHTOBUX BOJ; YHCEIIFHE MOJICITIOBAHHS; ITiJ3eMHAa CTiHA

models are used [5, 6, 10, 12, 13]. These models are
Introduction restricted enough. Numerical models represent more
effective tool and help in predicting the process of
ground waters contamination after spills [2-4, 9,11, 15].
For a quick evaluation of spatial and temporal
contamination of ground waters it is important to develop
not time consuming numerical models.

Railway transport carries a huge amount of liquid
cargo. Different accidents at railways result in spillage of
dangerous products which cause soil and ground waters
contamination [1, 7, 8, 14]. This demands solving two
main problems. The first problem is prediction of ground
waters contamination and the second problem is

development of protection measures. To predict the Purpose

damage after these spills it is necessary to employ The purpose of this work is development of 2-D
mathematical models. Very often to solve the problem of numerical model for prediction of ground waters
ground waters contamination analytical or empirical pollution after accident spillages at railways.
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Methodology

Mathematical model. Contamination of ground
waters pollution in the case of accident spillage is
simulated using 2-D transport equation [2,11, 14]:

8C 8uC ovC 0 ocy o oc
+oC=— MHe— |t Hy— + (1)
at 8x 8y ox ox) o' oy
+ 2400 =x.0)5(y - 3,)),
where C is concentration of the solute; u, v are the
velocity components in the x and y directions; ¢ is the

/’tx’/’ty
coefficients; ‘Ii(f) 1S source terms;

reaction rate constant; are dispersion

5(x_xi (t))5(y —Vi (t))
are Dirac delta function; X;, y; are the coordinates of the
point source of pollution.

This equation is numerically integrated using the
following boundary conditions:
at the entrance boundaries we use the boundary
condition:

=C

boundary etr?

is known concentration (for example

where C,,,
Cor =0);
at the exit boundaries so called “mild boundary
condition” is used. For example, in the numerical
model it can be written as following:
C(i+1,/)=cC(, /)

where (i+1,j) is the last computational cell and (i,)) is the
previous computational cell.

The initial condition (at time /=0) can be written as
C=0 in the whole computational region or C=C,,

where C, is the known concentration in ground waters

under the spillage took place. In this case C =0 in the
other part of the computational region.

Numerical model. To solve transport equation (1)
the implicit change — triangle scheme is used [14]. The
main features of this scheme are shown below. To build
the scheme we perform the splitting of the transport
equation at the differential level.

oC ouC ovC

- ZO:

ot ox X

oc _ o é’C 0 oC
+—| u >

ot ox ax oy\_ 0Oy

o S ater):

where r; :(xi,yi).
After that the approximation of time dependent
derivative is used:
oc _ Cii' ~Cix
ot At
At the next step the convective derivatives are
represented as follows:

ouC _ ou'C N ou C
ox ox ox

>
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At the second step the convective derivatives are
approximated as following:

where ,,+

¥ n+l o+ ol
au+c . ui+l,jCl',f —ui’jC,-,lx,- _ L;Cn+1’
ox Ax
_ — n+l = n+l
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ox Ax
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oy Ay
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The second order derivatives are approximated as
following:
o, )., Chy =Gt an-an
ax ax N sz x sz
:M7Cn+l +M;\.C”+l
o oc)_ cmi-cnt cm-cnl
A AN

— n+l n+l
=M, C"" +M;C"".
L, L, M} ,M_are the

. . o
In these expressions L', L, voLlys My,

difference operators.
At the next step we write the finite difference scheme
of splitting:
at the first step k=1/4:
C;-#k Cn
At
at the second step k=1/2, c=n+1/4:
Ci-C;
At
at the third step k=3/4, c=n+1/2:
k c
C; —-Cy
At
at the forth step k=1, c=n+3/4:
k c
C; - Cj
At
at the fifth step:
sn+tl  gn
Cij=Ci; Z 0" 5
At AxAy
Function §; is equal to zero in all cells accept the
cells where the source of emission is situated.
This difference scheme is implicit and absolutely
steady but the unknown concentration C is calculated
using the explicit formulae at each step (so called

_ ;(vck +LCH )+ 2 2¢; =05
_ ;(L i L ck)+ ck =0
c :%(M;CHM;ck +M;C“+M;,C’f);
c :%(M;c’f FMLC M Ch M 7,

“method of running calculation”), where é’ ,é? ,é — are
concentrations at each time step.

FORTRAN language was used to code the developed
numerical model.
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Findings

The developed generic code «Area- 2A» was used to
solve the following problem. We consider the possible
spillage at the territory of Pridneprovsk Railway. At the
first stage of the numerical experiment we studied the
dynamics of ground waters pollution. Results of
numerical simulation which were obtained at the first
step are shown in Fig.l -4. As we can see that the
contamination area enlarges in time and has the image of
“plume”. This contaminated area creates big problem in

the case when the ground waters in the region are used
for water supply. Fig. 4. Contamination region, t= 45 days/

3ona 3aepsasHeHuss n003eMHbIX 800, t= 45 cym

To reduce dimensions of the contaminated area we
can use the underground wall. The developed generic
code «Area- 2A» can also solve this problem.

Results of numerical simulation in the case when the
underground wall is used are shown in Fig.5, 6. These
Figures illustrate the contamination area at different
times after spillage.
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Fig. 5. Contamination region (underground wall
application, t= 13 days)/
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Fig. 2. Contamination region, t= 13 days/ ikt
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Fig. 6. Contamination region (underground wall
application, t= 25 days)/

3ona 3aeps3HeHUst NOO3eMHBIX 800 NPU
UCNONIb308AHUU NOO3eMHOU cmeHbl (1= 25 cym)

Fig. 3. Contamination region, t= 25 days/

As we can see from these Figures the contaminated
area is essentially reduced when the underground wall
was used.

3ona 3aepsasHenust no03eMHbIX 800, t= 25 cym
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Originality and practical value

A numerical model to predict ground waters pollution
after accidents was developed. The model is based on the
2-D transport equation. This model allows to evaluate
the dynamics of groundwaters pollution in the case of
different spillages at railways. It also allows to estimate
the contamination area development in the case of

contamination. To simulate the process of ground waters
contamination the 2-D developed numerical model was
used. The developed numerical model takes into account
the main physical processes which influence the
contaminant dispersion in the ground waters. The model
allows to simulate the process of ground waters
contamination in the case of underground wall
application. The future work in this field will be

underground wall application.

connected with development of filtration model to

. simulate ground waters dynamics.
Conclusions g i

The article contains description of 2-D numerical
model and it’s application to predict the impact of
accident spillage at railway on the ground waters
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