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Recently the efficiency of oil-gas deposits exploration has been closely connected with understanding of processes forming of such
deposits. In forming, transferring and accumulation processes of hydrocarbons, the important role has mechanism of its vertical
migrations. Among models in which such mechanisms were presented, geosoliton conception is well-known enough. Geosoliton
conception is in well agreement with many of geologic and cosmogonic ideas. It unites principals of biogenic and abiogenic hypothesis
of hydrocarbons forming, which come from mantle in composition of hot high-pressure fluids. The fluids come through the crack-pour
faults in the central channel part of geosoliton. The abnormal high pressure of accumulated gases in the central part of geosoliton leads
to their penetration in collector reservoirs. At that place deposit geosoliton system is forming. It consists of the gas caps, oil collars and
reservoir water in the periphery.

Purpose. Estimation of filling processes in the gas cap of geosoliton field.

Methodology. To resolve the nonstationary piezoconductivity problem we use combined computer method consisting of variation
finite element method and method of finite differences.

Findings. As a result of the research, filling process of the gas cap essentially depends on filtration parameters of considering porous
reservoir, its size and characteristic fiches of the filling origins. Filling gas cap velocity mainly determined by origins power and less
depends on their sizes and quantity. In the subsequent stages of filling, the pressure gradually aligns in all reservoir places and then
regularly increases.

Originality. Presented method has some advantages in comparison with other similar methods. It enables calculating different
reservoir filtration parameters and using manifold boundary conditions.

Practical value. The obtained results allow making gas production process in gas-condensate reservoirs more effectively.

Keywords: computer modeling, geosoliton field, gas resevoir filling process.

Introduction. In our days, the efficiency of oil-gas deposits
exploration is closely connected with realizing of processes
forming of such deposits. In forming, transferring and
accumulation processes of hydrocarbons, the important role
has mechanism of its vertical migrations. Among models in
which such mechanismsare presented, geosoliton conception
(fig. 1) is famous enough (Megerya, 2009; Megerya, 2011;
Megerya et al., 2012).
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Fig. 1. Typical geosoliton structure

Geosoliton conception is in well agreement with many of
geologic and cosmogonic ideas. It unites principals of
biogenic and abiogenic hypothesis of hydrocarbons forming,

which come from mantle in composition of hot high-pressure
fluids. On the other hand, under influence of hot fluids
transformation of organic substance of sedimentary rocks
into hydrocarbons is going out. The central vertical fault
geosoliton pipe is the main element of energy mass
transferring processes. It forms positive geostructure for
pumping out oil-gas phase in its axing part. The abnormal
high pressure of accumulated fluids and gases in the central
axing part of geosoliton pipe leads to their penetration in
collector reservoirs. At that place geosoliton deposit system
is forming. It consists of the gas caps, oil collars and
reservoir water in the periphery.

It is interesting to investigate the filling processes of the gas
cap of geosoliton field. It is actual problem which can give lots
of important practical results. Such information can be useful for
revealing the real structure of the gas cap of geosoliton field and
respectively to localize more accurately the places of gas-
condensate deposits concentration. Further, we consider
modeling of the filling processes of the gas cap of geosoliton on
the base of Lebenson piezoconductivity equation, describing
gas pressure distribution in this place (Aziz and Settary, 2004;
Basniev et al, 2003; Lubkov, 2017). To resolve the
nonstationary piezoconductivity problem we use combined
computer method consisting of variation finite element method
and method of finite differences (Lubkov, 2017). Presented
method has some advantages in comparison with other similar
methods, because it enables calculating of heterogeneous
reservoir filtration parameters, different fluid-gas origins and
complicated border conditions. Furthermore, it has high precision
and can be easily adapted for different practical cases.

Mathematical formulation and solving problem.We
suggest that horizontal sizes of investigating area of the
porous gas accommodating layer are considerably larger
than average effective thickness of the layer. At that case,
we can use the ordinary formulation of the plane
nonstationary piezoconductivity Lebenson problem in
rectangular axes (X, Y) as:
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Here (1) — nonstationary piezoconductivity Lebenson
equation; (2) — initial condition; (3) — condition of the gas
overflow in the reservoir borders; P(x,y,t) — pressure, as
function of coordinates and time; y = kF, / mm - coefficient

of piezoconductivity; k - coefficient of permeability; n —
dynamic viscosity; m — porosity environment coefficient; Po —
initial pressure of the porous layer; Po — pressure in the
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here S — the square of investigating area; L — contour,
which surrounds the square S, dl — element of the contour.

For resolving variation equation (4) we use eight-nodal
isoparametric quadrangular finite element (Obrazcow et al.,
1985). As global coordinate system, where we unit all finite
elements of investigating area S, rectangular system (X, Y)
is used. As local coordinate system, where in limits of
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border of investigating area; a — coefficient of the gas
penetration in the border of reservoir;y — integration

parameter of geosoliton gas origin.

For resolving nonstationary piezoconductivity Lebenson
problem, we use variation finite element method, which
leads to the solving of variation piezoconductivity equation:

SI(P)=0. (4)

Here I(P) — functional of piezoconductivity Lebenson

problem (1) — (3), which after substitution P =P? can be
presented as (Lubkov 2017):

dP 2 Phddy - j o (P—2B,) Pl (5)
every finite element we define approximation functions i
and make numerical integration, normalizing coordinate
system (&, n) is used. In that system coordinates, pressure,
initial pressure, pressure in the border of investigating
area, coefficient of gas overflow in the reservoir border and
derivatives of pressure on coordinates approximated in

such way:
8
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For resolving the system of linear differential equations
of the first order (7) at initial conditions (6) we use method of
finite differences. At that, approximation of derivative in time
we can realize on the base of implicit differential scheme:

d_P: P(z+At)—P(t). (8)
dt At

Putting expression (8) into the system (7), we obtain the
next system of linear algebraic equationS'

Z{(—H"+A" Q )P(r+At)——H:;P,(r> QL R}=0

(k=1-38). 9)

After summing equations (9) at all finite elements, we obtain
the global system of linear algebraic equations, which allows
defining unknown meanings of pressure at the moment of time
t + At via their meanings at previous moment t. Further, we
resolve the global system equations on the base of Gauss
numerical method (Obrazcow et al., 1985). Due to the system
solving, we can define pressure at all nods of the finite element
net. Therefore, we can determine reservoir pressure in any
points of investigating porous reservoir.

Modelingoffilling processes of the gas cap of
geosoliton fields.Inmodeling,weconsiderthe area of
geosoliton gas cap withsizes 6x4 km2. We choose some
characteristic parameters of the gas porous medium: k =
0,12:10"m? n =0,18-10“Pa's; m=0,15; P, =1 MPa, at

values and cannot be variated, we get system of differential
equations for k — nodal of p — finite element in such view:

f+ QP —Q By =0;
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that case coefficient of piezoconductivit yx = 0,45-102 m?/s.
We suggest not penetrating processes in the boundaries of
gas cap reservoir a = 0. Firstly, we consider the case of filling
of the gas cap in geosoliton by one origin with the size of
1 km? and the power of 1,7 atm/m? day. In the fig. 2, a-d —
we can see the process of filling of the gas cap of geosoliton.

Further, we consider the process of filling of gas cap of
geosoliton with different number of the same origins with the
sizes of 1 km? and the power of 1,7 atm/m? day, over one
month (fig. 3).

Then, we consider the process of filling of gas cap of
geosoliton by origin with the size of 1 km? and the power of
1,7 atm/m? per a day and distinctive power one, over one
month (fig. 4).

Conclusions.The elaborated combined finite element —
difference method allows resolving nonstationary
piezoconductivity Lebenson problem with predetermined
border conditions and origins into heterogeneous porous
fields. On the base of obtained method, we carried out
computer modeling of the filing process of gas cap of
geosoliton field. According to obtained data analysis, filling
process of the gas cap essentially depends on filtration
parameters of considering porous reservoir, its size and
characteristic fiches of the filling origins. Filling gas cap
velocity is mainly determined by origins power and less
depends on their sizes and quantity. At the case of equal
power origins, the filling gas cap velocity is proportional to
the power of these origins. In case, when different power
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origins act, the filling gas cap process passes irregularly. At
the initial stages of filling process, excess pressure reservoir
places closely correlate with the origins installation. As the
gas cap origins of geosoliton mainly formed by its central
vertical channels, so the places of increasing pressure in a
greater degree are forming in central part of the field. In the
subsequent stages of filling process, the pressure gradually

aligns in all reservoir places and then regularly increases.
As calculations show, regular filling of the whole gas cap
region comes approximately over one hundred years since
beginning of the process.

One can use obtained results for exploration and
affective productivity in the gas-condensate fields.

Fig. 2. The pressure distributions in gas cap of the geosoliton with one origin, over:
(a) one month; (b) one year; (c) 1000 years; (d) 10000 years
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Fig. 3. The pressure distributions in gas cap of the geosoliton with different number of the same power origins over one month:
(a) two close origins; (b) four close origins; (c) two single origins; (d) two double origins

b
Fig. 4. The pressure distributions in gas cap of the geosoliton with two single origins by different power over one month:
(a) the mentioned and twice smaller power; (b) the mentioned and twice larger power
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OLIHKA MNMPOLECY 3ANOBHEHHA TA30BOI0 KOBIMAKA FrEOCONITOHHOIO POOOBULLA

OcmaHHiM YacoM eghekmueHicmb po3eidku Haghmozasoeux podosuw, MiCHO Noe's3aHa 3 PO3yMIHHSIM Mpoyecie ymeopeHHs1 makux podosuuy.
lMpu ¢popmyesaHHi, nepeHeceHHi ma HaKOMNUYeHHi 8ya/1e800HI8 8a)k/luey Posib Ma€ MexaHi3M IXHix eepmukanbHuUX Migpayiti. Ceped modesel, 8 sIKux
npedcmaesieHo maki MexaHi3Mu, 2e0coJlimoHHa KoHyenuyisi € docums eidomoro. eoconimoHHa KoHyenyis dobpe y3200)Xyemncsi 3 6acambma 2€o0-
J102iYHUMU | KOCMO2OHIYHUMU idesimu. BoHa 06'edHye npuHyunu 6io2zeHHoi ma abio2eHHOI 2inome3 ymeopeHHs1 8yar1e800Hi8, iKi Ha0Xx00simb 3 Ma-
HmMIi y cknadi 2apsiyux ¢pnroioie sucoko2o mucky. ®moidu npoxodssmb Yepe3 WiNUHHI Po3sIOMU 8 UeHmparsbHill YacmuHi KaHasy 2e0coslimoHa.
AHOMasIbHO 8UCOKUU MUCK HaKOMUYeHUX 2a3ie y yeHmparbHil YacmuHi 2eocosimoHa npu3eodums 00 iXHbO20 NMPOHUKHEHHSI 8 KOJIEKIMOPChKi pe-
3epesyapu. Y ybomy micyi gpopmyemncsi 2eocosiimoHHa cucmema eyarieeo0Heaux noknadie. BoHa cknadaembcsi 3 2a308ux Koenakie, Hagpmoeux
pykaeie i eodu Ha nepudgepi.

Mema. OuiHka npoyecie 3anoeHeHHs1 8 2a3080MY KoeraKy 2e0coslimoHHo20 podosuuja.

Memodonoeisi. ns eupiweHHs1 HecmayioHapHoi 3adayi n'e3onpoeidHocmi sukopucmoeyemnscsi Komb6iHoeaHuli Komn'tomepHuli Memod, wo
cknadaembcs 3 eapiayiliHo2o Memody CKiHYeHHUX efleMeHmie i Memody CKiHYeHHUX Pi3HUUb.

BucHoeku. Pesynbsmamu docnidxeHb MoKa3yromb, WO npoyec 3aro8HeHHs 2a308020 Koarnaka icmomHo 3anexums eid napamempie ¢pinbmpayii
po32/IiTHymo20o nopucmozo pesepeyapa, io2o po3mipy i xapakmepHux enacmueocmeli dxepen 3anoeHeHHs. Llleudkicmb 3anoeHeHHs1 2a308020
Koenaka 8 OCHOBHOMY 8U3Ha4aembCsi omyHicmio Axxepes i MeHwe 3anexums eid ixHix po3mipie i kinbkocmi. Ha HacmynHux emanax 3anoeHeHHs
MUucCK nocmynoeo 8UpieHIEMbLCS 8 yCiX MiCUsiX KosleKmopa, a nomim peaynsipHo 36inbwyemscs.

OpueziHanbHicmsb. lpedcmaeneHuli Memod Mae Oesiki nepeeazu MOPI8HSIHO 3 IHWUMU aHano2iyHUMU Memodamu, eiH do3eosisie epaxosyeamu
Pi3Hi napamempu ginbmpauii konekmopa i 3adasamu pi3HOMaHimMHi epaHuUYHi ymosu.

IMpakmuyHa yiHHicmb. OmpumaHi pesynsmamu 0o3eo0s1sitomb eghekmueHiwe npoeodumu npoyec sudobymky 2a3y e 2a30KoHOeHcamHuX naacmax.

Knioyoei crnoea: komn'tomepHe ModestoeaHHs1, 2e0coJlimoHHe podosulye, Mpouec 3arnoeHeHHs rnjiacma 2a3om.
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OLIEHKA NMPOLIECCA HAMOJIHEHUA TA30BOI0 KOJINAKA TEOCOJIMTOHHOIO MECTOPOXOEHUA

B nocnedHee epems aghghekmueHocmb pa3eedKu Heghme2a308bIX MECMOpPOoXAeHuUli MecHO cesi3aHa ¢ MoOHUMaHuUeM npoyeccoe o6pa3oeaHusi
makux mecmopoxdeHuii. [pu gpopmupoeaHuu, nepeHoce U HaKorMIeHUU y2reeodopodoe eaXHyH Posib UMeem MexaHu3M Ux eepmuKanbHbIX Mu2-
payut. Cpedu modesel, 8 KOmopbIix NpedcmassieHbl Makue MexaHU3Mbl, 2e0CO/ITUMOHHasi KOHUyenyuss docmamoy4yHo u3eecmHa. feoconnumoHHas
KOHUenuusi Xopowo coasiacyemcsi CoO MHO2UMU 2€0/102UYeCKUMU U KOCMO20HUYeckumu udesimu. OHa o6eduHsiem npuHyunbl 6uo2eHHol u abuo-
2eHHol 2unome3 ob6pa3osaHusi y211e8000p0008, KOMOopble Mocmynarom U3 MaHMuUU 8 cocmase 20psivyux ¢ghs1roudo8 MNod 8bICOKUM dasnieHueM. Prito-
udbl Npoxodsim 4Yepe3 wiesieebie Pa3fioMbl 8 YeHmMpasnbHOU Yacmu KaHasa 2e0cosiumoHa. AHOMasibHoe ebICoKoe AaesieHue HaKoMn/IeHHbIX 2a308 8
yeHmpasnbHol 4acmu 2e0CoIUMOHa MPUeodUM K UX MPOHUKHOBEHUIO 8 KOJIIeKmopckKue pe3epayapbl. B amom mecme ¢hopmupyemcsi 2e0COSIUMOH-
Hasi cucmema y21ee8000p0o0HbIX 3anexeli. OHa cocmoum u3 2a308bIX KOJINaKkos, HeghmsiHbIX pykasoe u 800kl Ha nepugepuu.

Lenb. OyeHka npoyeccoe 3arnosIHeHUsl 8 2a3080M KOJIraKe 2e0COSIUMOHHO20 MECINIOPOKOEHUS.

Memodonozus. [jns peweHusi HecmayuoHapHol 3adayu Nbe30rnpPoeoOHOCMU UCMOb3yemcsi KOMGUHUPOBaHHbIU KOMMbIOMEPHbIU Memod, co-
cmosiwuli u3 eapuayuUoHHo20 Memoda KOHeYHbIX 3/leMeHmoe U Memoda KOHe4YHbIX pasHocmeu.

Bb1800bl. Peaynbmamsi uccnedosaHull mokasbiearom, Ymo rpoyecc 3arosiHeHuUs 2a308020 KoJlnaka Cyuj,eCmeeHHo 3agucum om napamempoe ¢husib-
mpayuu paccmampueaemMoz20 ropuco20 pesepayapa, €20 pa3mMepa U XxapaKmepHbIX ceolicme UCMOYHUKO8 HarosiHeHusl. CKOpocmb HarnoJsIHeHUsl 2a308020
KoJinaka 8 OCHO8HOM orpedesisiemcsi MOWHOCMbIO UCMOYHUKO8 U 8 MeHbweli cimerneHu 3agucum om ux pa3mepoe u Konudecmea. Ha nocnedyroujux ama-
nax HanosiHeHus1 0aesieHue NocmerneHHoO ebipagHUeaemcsi 1o eceli obs1acmu Kosiiekmopa, a 3amem pe2yJsisipHO yeesiu4ueaemcsi.

OpuzauHanbHocmeb. [lpedcmasnieHHbIU Memod umMmeem psid NPeuMyuw,ecme o cpasHeHUro ¢ Opy2uMu aHao2u4HbIMU Memodamu, OH rno3eoJsisiem
y4yumsbieams pasfiudHble napamempsi hunbmpayuu Kosisiekmopa u 3adagams pa3Hoo6pa3Hble 2paHUYHbIe YC/I08US.

lMpakmuyeckasi yeHHocmb. lMonyy4yeHHble pe3ynbmamsbi cioco6cmeaytom 6osee aghghekmusHomMy npoyeccy dobbiHu 2a3a 8 2a30KOHOEHCaMHbIX
nnacmax.

Knroyeenie crnoea: komnsromepHoe ModeniupogaHue, 2e0COSIUMOHHOE Mecmopo)xdeHue, MPOYECC HaMoJIHeHUs niacma 2a3om.



