Bicuuk /{ninponerposcbkoro yHiBepcutety. Cepist: reosnorisi, reorpadis. 24 (2), 2016, 34-39.
Visnik Dnipropetrovs’kogo universitetu. Serid Geologia, geographia
Dnipropetrovsk University Bulletin. Series: geology, geography. 24 (2), 2016, 34-39.
Doi: 10.15421/1116230
http://geology-dnu.dp.ua

UDC 622.278 + 662.73

Research of geomigration processes during underground coal gasification and combustion
S. V. Zholudiev

Dnipropetrovs’k National University named after Oles Honchar, ggf2009@ukr.net

Today one of the main problem for areas of intense technological activities related to the production, processing and use of
fossil fuels is management and environmental protection. With the current technology development difficult to achieve effective
results in terms of further improving the technical and economic performance and in terms of environmental protection.
Fundamentally new in the transition to underground coal gasification (UCG) and coal combustion (UCC) is the transition to
non-waste technology. The possibility of smoke emission elimination through recycling. directing the underground gasification
oxides of sulfur, nitrogen and other toxic components of smoke emissions. In underground water is possible their destruction to
non-toxic state. Other harmful for the biosphere chemicals substances (arsenic, strontium) also remain in the underground gas
generator. Also in the underground space may direct solid waste for laying out space voids possible reduction surface subsidence
and preserve the landscape. Reducing the volume of drilling and laying out space allows you to transfer temporarily useless
agriculture territory. Underground space of gas generators with hot rocks can be used for commercial purposes. Utilization
of physical warm rocks by pumping cold and getting hot coolant can increase efficiency. But with all the above-mentioned, the
environmental justification for building the station of underground coal gasification and coal combustion necessarily involves
the analysis and forecast of man-made impact on the geological environment. In terms of the studied region of brawn coal
Dnieper basin the prospects of widespread introduction of underground coal gasification and coal combustion technology
inherent protection from problem resolution is actively used in the household groundwater from chemical contamination of
underground coal combustion, disposal and coolant waste.

Keywords: underground coal gasification, underground coal combustion, geomigrational processes, geotechnical system

HocaigxenHsi reomirpauiiinux mnpoueciB mig vac migzemHux rasudikamii Ta cnajJOBaHHS
BYIJLIAA

C. B. Koaynes

J[ninponempoecokuii nayionanvruil ynieepcumem imeni Onecs Ionuapa, ggf2009@ukr.net

Ha cyyacHomy erani po3BHTKY CycHiJbCTBa Npo0/eMa panioHaJILHOI0 BHKOPHCTAHHSA i 0XOPOHH JOBKI/LISL BXOAUTH B YHCJIO
NpiOPUTETHUX i 0COOIMBO TOCTPO BOHA MPOSIBJISIETHCS B palioHAX iHTEHCHBHOI TeXHOTeHHOI Jii, MOB’A3aHOI i3 BUAOOYTKOM,
1nepepodKoI0 i BUKOPHCTAHHAM IOPIOYUX KOpUCHHMX KonajuHu. Ilpu icHyrouiii TexHo10rii po3po0Ku Bee Baxye oMaraTucs
e()eKTHBHHX Pe3YJbTATIB K 3 TOYKHU 30Py NOJANBIIOI0 MOJINIIEHHs TeXHIKO-eKOHOMIYHHUX NOKA3HHUKIB, TaK i 3 TOUKH 30py
oxoponu npupoau. [lpunnunoBo HoBUM npu nepexoai Ha mixzemui razugikauii (IIFB) Ta cnamoBanusa Byriuis (IICB) € ne-
pexia Ha 6e3BiAX0AHY TexHO.10Ti0. BinkpuBa€eTbcst MOKIUBICTD JiKBiaUii AMMOBHX BUKHIIB IJISIXOM X penupKy/Isuii. cipsi-
MYBAHHS B IiI3eMHUI ra30reHepaTop OKCUAM CipKH, a30TYy i iHIIHX TOKCHYHHUX €1eMEHTH IMMOBHX BHUKHUAIB. 32 HasiBHOCTI
BOJIOTH MO:K/IMBe iX pyiiHYBaHHS 10 HETOKCHYHOI0 cTany. IHmi mkinimusi s 6iocdepu ximiuHi cnomyku (Muur’ ik, CTpoHii)
TAKOK 3aJUIIAKTHLCS B MiA3eMHOMY rasoreHeparopi. Takosxk B Hii3eMHHUIi ra3oreHepaTop MOKJIMBO CIPSIMOBYBAaTH TBepai
BiIX0M 1151 3aKJIAJKH NOPOKHEY BHPOOJIEHOr0 IPOCTOPY, 110 03BOJISI€ iICTOTHO 3MEHIIUTH OCiJaHHA NMOBepxHi i 30epertu
ganamadr. CkopoyenHs 00’emy 0ypoBHUX PodiT i 3ak/1agaHHs BHPOOJIEHOI0 MPOCTOPY A03BOJISIE MePeAABATH CiIbCHLKOMY roc-
NOJAPCTBY TUMYACOBO BiguyskeHi 3emuti aus1 pexyabTuBanii. IlinzeMuunii npocTip BianpanuboBaHuX ra3zoreHepaTopis 3 rapsuu-
MH II0POJaMH MOKHA BUKOPHCTOBYBATH B IOCHOAAPCHLKHX LiAAX. Y THIi3aniA GisH4HOro Temjia nopia HuisixoM 3aKauyyBaHHS
XO0JI0/THOTO i OTPHMAHHSI TapsIY0ro TeIIOHOCIs 103B0JIsI€ MiIBUIINTH epeKTHBHICTh. Ajle NIPU BChbOMY BHILlellepepaXx0BaHOMY,
exosoriude oorpynryBanns oyaisnuursa cranuii [1II'B i [ICB 060B’s13k0B0 nepeadayac i NporHo3Huii anaJji3 TeXHOreHHol il
Ha reoJioriyde cepenosume. B ymoBax gociifzkyBaHoro periony /IHinposcbkoro 0aceiiny IMTAHHS IePCHEKTHB INHPOKOIO
pnpoBag:keHHs Texnosorii III'B i IICB HeBix’emMHe Bia BupilleHHs Mpod/ieMH 3aXHCTy AKTUBHO BUKOPHUCTOBYBAHUX B roc-
NOJAPCTBI MiA3eMHUX BOJ BiJ XiMiYHOro 3a0pyJHeHHsI NPOAYKTAMH Ni3eMHOr0 ropiHHs BYriqis, yruiizauii TenJjoHocis i
BiIXoiB.

Kniouosi cnosa: niosemna easugixayia, niozemne cnano8ants, 2eomiepayiiini npoyecu, 2e0mexHiyHa cucmema
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Introduction. In the process of underground gasifi-
cation and coal combustion numerous chemical sub-
stances are emitted. They can leave the underground
burning zone and move to the subsoil hydrosphere
and polluting it in depends on water saturated above
coal and sub coal water-bearing horizons. That is why
it is necessary to prevent or limit their penetration into
water-bearing horizons during and after the operation
of underground burning. But at the stage of active op-
erations, the risk of penetration by pollutants remains
high. To some extent, this problem can be solved by
estimating the possible distribution of pollutants from
the area of underground generator.

Presentation of the general material. The literature
data provides us with the approximate content of pollut-
ants in the products and wastes of underground gasifica-
tion and underground coal combustion (table 1), which
makes it possible to predict the extent and character
of chemical pollution of the groundwater around the
underground generator using methods of mathemati-
cal modeling.

Theoretical description of geomigrating processes
with consideration of hydro-chemical transformations
should use methods of thermodynamic modeling.
Such approach is used for modeling contamination
processes when considering conditions  of
technogenic pollution, the sources of which are
in water-bearing rocks and enter the water supply
during changes of thermodynamic condition in
groundwater.

The determinant in the study of geomigrational
process is mass transfer, which is the process of
transferring certain ground water components
(migrants). The importance of studying the mass
transfer processes is related with high mobility of
water solutions in the lithosphere.

Usually, the key component of the ground water
filtration flow is convective transfer, which proceeds
hydraulically with filtrating water. A single mass flow
of convective mass transfer j which is the amount of

the migrant which passes convectional through a sin-
gle area of flow per unit time, will be

Je =0V,
where j_— the flow of convective mass transfer;

C — migrant concentration;

V — velocity of filtration, related to actual velocity
of the current u by correlation u, = V/n,, where
n,- active porosity of a rock.

Also the process of mass transfer includes different
forms of dispersion, which cause the scattering of
migrants in space. There are considered processes
of micro dispersion which take place at inner porous
(inner fault) levels, and macro dispersion, which takes
place at the levels of aggregates and blocks of rocks.

At the molecular level, micro dispersion is caused,
first of all, by the process of molecular diffusion,
which creates a flow of migrant, described in Fick’s
law.

&

0°

ja = DmgradC, )
where jzjs — single mass diffusion flow (the
amount of the substance which diffuses through a sin-
gle area of flow per unit time);

D —coefficient of molecular diffusion.

Coefficient of molecular diffusion characterizes the
sinuosity of filtration routes in porous environments,
and according to experimental data, equals 0.5-0.7 for
incoherent sands, and 0.25-0.5 for coherent sands.

According to the results of laboratory studies, the
value of the diffusion coefficient for clayey rocks has
the order of 10° m?/day. At the same time, the mag-
nitude D can significantly decrease after sealing of
rocks, and the magnitude D significantly depends
upon moisture in incomplete water saturation.

Fick's law in the form (2) is reasonable for isother-
mal processes and in independent diffusion of com-
ponents of a solution. Otherwise, more complicated
phenomena of non-isothermal multi-component dif-
fusion occur.

Table 1

The content of chemicals in products and waste PGV and PSV [1, 2]

The substance content in products and waste, Maximum permissible concentration (MPC)
Ne | Name of substance .
mg/dm? of chemical substances, mg/dm?

1 | Ammonia 1,9-3,0 2,0

2 | Benzene hydrocarbons 1,0-2.2 0,5

3 | Pyridine bases 0,04 — 0,68 0,2

4 | Hydrogen sulfide 0,03-0,32 0,003

5 |Naphthalene 0,0004 - 0,1 0,01

6 | Acetylene 0,000003 — 0,015 0,0015

7 | Prussic acid 0,000006 — 0,008 0,0035

8 | Phenol 0,0013 0,001
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Extension of hydro dispersion (along the flow's
direction) is described by Fick's law, where D is
changed by the coefficient of hydro dispersion exten-
sion, which depends on filtration velocity. The results
of laboratory tests for homogenous sands show linear
dependency of D, on V.

D.!' =Dm +5.!'Va 3)

The generalization of experimental data shows the
possibility of disordered structure of dependency for
sandy-gravel rocks (3).

In the non one dimension flow of transfer, trans-
versal hydro dispersion occurs, which causes trans-
versal flow of the migrant, which is also defined by
the Fick's law, where D is changed by the coefficient
of transversal dispersion D . Their rough approxima-
tion can be represented as

D, =D, +4,V, 4)
where &, — parameter of transversal dispersion,
which has typical meaning for close sand, equals
d, = 0.06 — 0.2 mm.

In a homogenous environment, the model of trans-
fer includes description of convective transfer and
micro dispersion. The model of convective dispersion
uses a scheme of displacement by piston, where it is
considered that all areas of water move in each section
with the same velocity. In such conditions, let us define
the equation for transfer velocity of the dividing edge
(front of displacement) of migrant solutions, which
divide area of concentrations with C, for condition of
instant increase in sorption equilibrium (i.e. not con-
sidering sorption kinetics), making balance equation of
migrant in infinitesimal element of current dl, which is
the border section of the migrant solutions for time ()

U—5h=3@%+”“ﬂq, (5)

Cdt ow €—¢,

where QO — debit of the flow on the current line;

N1i N, - content of sobbed migrant (occluded) per
unit volume of rock;

C1i C, - concentration of the solution;

« — area of transversal section of the current line.

The equation (5) is solved by integration towards
the trajectory current, should be based upon the geo-
filtration assessments, made for a general case using
methods of numerical modeling.

After superposing convectional and dispersive
transfer, the total unit mass current; will be as follows

Ji;m :Ji:.i: +Ji;d: (6)
where j _is defined with (1), and j, for micro dis-
persion is defined by the equation (2), where D is

substituted with hydro dispersion coefficient D, in
filtration flow.

Theoretical description of such process was made
for one-dimensional transfer in a filtration current
with filtration velocity V in direction / written (7) in
form

(7

Balance equation for a neutral migrant in an infin-

. — 1V =p %
er_CI D'!E:I'.!"

itesimal element with length @ and unit area of trans-
versal section:

al at ’ (®)
where n, — active porosity of a rock.

After substituting expression (7) for j , in (8), we
will receive differential equation of one-dimensional

convective dispersion transfer

©)
Transformed (9), and inserting Laplace-Carson in-

tegral transformation c=L (c)

C_pEE (o
L

d
nop(C—C,)+VE =D
ol (_ .3.) al I a2
where p — parameter of transformation.
Solution (10) in condition c=C , at the edge /=0
of half limited current is as follows

— —_—

C-¢ —ail sy 2 . -
°=emm=f@).¢£_LAm
cP-c, W \2Dy Dy 2D

Transformation from (11) to original in C’ = const
gives

= &= - . e
C = ﬁ = 0,5(erfcé + eerfcé™), (12a)
o
. n -Vt .. ng l=V¢ Vi
= ﬂ?:’ = ﬂ?—, m=—, (120)
2y ng Dt 2y ngDyt oy

Calculations according to (12) show that after a
certain time after the process had started, three main
migration zones are formed:

- the zone of dismissing migrant (with relative

concentration € = 1),
- transitional [l >C > ID}

- initial content of the migrant c=0.

Another element of equation (12a) is small and
can be neglected, so a simplified expression for rela-
tive concentration can be used.
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C =05erfcé, (13)
Analysis of solving fundamental task shows the
peculiarities of convective and dispersion transfer
forms manifestations. The equation (13) shows that,
during piston displacement, defined only by convec-
T
tive transfer, where is (E = E.;} = :1;), the position of
0
piston displacement front corresponds to the middle
of transitional zone with average concentration be-
tween the content which displaces and which is being
displaced.

To describe the transversal macro dispersion, it is
reasonable to use the model of “sieving” small parts
through a net of large grains, which filtrate. Using this
model for point transfer of small particles, the divi-
sion of their concentration in flat flow was defined

Ca 2
| d
where ¢, — initial concentration;

x 1y — coordinates in the direction of sieving (fil-
tration) and perpendicular to it;

d — diameter of grains which filtrate, correspond-
ing to size of blocks.

Let us compare (14a) with the expression obtained
by solving the task of convective-dispersion trans-
fer, which provides division of concentration in the
flow, which moves with velocity } without extended
dispersion, but with transversal dispersion, which is
characterized by coefficient D , with constant intensi-
ty P =V *d*C, at the beginning of the source’s coor-
dinates. Such solution provides the following expres-
sion for a migrant’s concentration

exp (-2 146
(=) 140
where D =D, — coefficient of transversal dispersion
(in the (y) direction).
After comparing equations (14a) and (146), we

can see their similarity, and that they equally coincide
if we consider that

O =

2\-‘HDl-xL’

If the shape of blocks is considered cubic and the
diameter of grains is defined by the size of block (for
sand clays and loams — 0.1 m, for sands — 1 — 10 m),
the magnitude can be connected to diffusion mass
transfer. Considering (f, = 36) for cubic blocks, the
correlation will be

(16)

Using these methods, the calculations of horizontal
and vertical migration of contaminant components
(seetable. 1) were made. The parameters of calculation
are given in table 2.

There are many methods for calculation of hydro
dispersion coefficient, but in this case, initial meanings
allow to use Averianov's method

D:

Vi (17)

2In—5

where V' — velocity of ground water, which is calcu-
Kl
lated V' = = )

n

Conclusions. For calculating horizontal mass trans-
fer, we used (12a), (126) and (17). The results of cal-
culations are given in fig. 1. The significant difference
between the results in above coal and sub coal water
bearing horizons is related to differences of filtration
parameters. The largest radius of pollution was ob-
tained by ammonia, although the difference between
initial and maximum permissible concentrations was
one of the smallest. At the same time, the difference
of concentration of hydrogen sulfide is higher and the
pollution radius is one of the smallest. So, the extent
of pollution does not depend on the differences of
concentrations, and should be defined separately for
each contaminant, and defining the true regularities of
pollution spreading in a horizontal direction requires
additional studies.

For calculation of vertical mass transfer, we used
(4.14a), (4.146) and (4.15). The calculation shows
similarity of pollution by all substances. Both wa-

DT _ 51 I, 51 _ g , (15) ter-bearing horizons will have the same spread of
2 Table 2
Initial data for calculation
Ne Name of substance Above coal horizon Sub coal horizon
1 Coefficient of filtration, Kf, m / day 3-6 6-12
2 Active porosity 0,175
3 Flows gradient 0,014
4 The path length of filtration, L, m 5000
5 Period of time, t, days 182,5
6 The diameter of the grains, d, m 10
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Fig. 1. Diagram of spreading of different pollution contaminants in a horizontal direction

XM

S5t

45 -

40 -

30 -

255 -
_ Hvdrogen sulfide
_ Naphthalene

- Acetylene

Benzene hydrocarbons
2T Pyridine bases

5 - . : Prussic acid
0 - Ammonia and Phenol

15

Fig. 2. Diagram of vertical spreading of contaminant substances
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pollution spreading with all contaminants. The great-
est pollution will be hydrogen sulfide pollution and will
equal 57 m in a section, the least (2.5 m) — ammonia and
phenol. Such a pattern clearly represents the correlation be-
tween the difference of concentration and radius of vertical
pollution. The results of calculations are given in fig. 2.
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