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THERMOBARIC CONDITIONS OF OIL AND GAS CONTENTS
AND PREDICTING OF HYDROCARBON PHASE STATE
(ON THE EXAMPLE OF THE BILCHE-VOLYTSA OIL- AND GAS-BEARING AREA)

O. B. JIto6uak, 1. B. Konooiii, 10. B. Xoxa. TEPMOBAPUYHI YMOBH HA®TOI'A30HOCHOCTI TA IIPOTHO3Y-
BAHHA ®A30BOIO CTAHY BYITTEBOJHIB (HA ITPHKIAJI BLIBYE-BOJIHIIBKOTO HA®TOTA30BOI'0 PAHOHY).
Ilposedenuil ananiz posnodiny mepmodapuuHux napamempie nokiaodie 8yene6ooHis. 3a po3nooinom eeomepmiuHUX napamempis 0o-
cumy 4imko UOLIAIOMbCA 084 PI3HUX 30 2€OMEPMIUHOK) AKMUBHICIIO PAUOHU: NIGHIYHO-3aXIOHUL, Oinbut npoepimuil, i NiG0eHHO-
CXiOHULl — 8IOHOCHO "X0n00HuUll". Makcumanvui memnepamypu giOMINAOMbCA RO MIHIL 2A30HOCHUX CIPYKIMYD, WO MANCIOMb 00 Ni6-
HIYHO-3aXI0HOT npuniamgopmosoi yacmuru 306HIUHbOT 30HU.

Tlokazano, wo xapaxkmep 3miHu Koeghiyienma 2i0OpocmamuyHoCcmi 3a1exCums 8i0 0coOnU80Cmell CIMpPYKMypHO-MeKMOHIUHOT
6Y008U 00Ci0HCYBAHOT MepUmopii.

Oyinka $azo6020 cmawny 8y21e600Hi8 CHUPANACy HA NPOBEOEHHT aHANIZY PO3MIpHOCIeEl IXHIX (I3UKO-XIMIYHUX é1acmusocmell
ma mepmoobapuyHUX YMO8 3ANA2aHHA OA BIIbHUX 2a318, KOHOeHcamie ma Hagm 3 nonad 200 06’ exkmis, wo daru npuniusu ¢ioiois
Ha podosuwax binvue-Bonuybkozo nagpmoeazoeo2o paiiony.

Ha ocnosi nposedenoeo ananizy susedeni kpumepii Zy ma Z,, AKi U3HAYAOMb Qazosutl cman cymiuti 6y2ieso0Hie y NoKIaoLl.
Busnaueni obnacmi uuciogux 3nauenv yux Kpumepiis, ki Xapaxmepusyons munu 8y2ie600He8UX CUCIeM ma 00360510Mb, 3d HASL6-
Hocmi IHgopmayii wWooo 2nubUHY 3a12AHHS NOKAAJY, 2YCMUHU [ MOJISAPHOL MACU 8V2le800HI8, A MAKOMNC MeMNepamypu i mucky,
6cmanosumuy Gasosull cmau 8yene8o0Hesol cucmemu. Bemanosneno, wo na erubunax 6invuux 3a 4000 m, 6 3anexcnocmi i 2eono-
2IUHUX YMOE, CnOCmepi2aiombes 6i0XunenHs sHadens Z1° 6i0 cepednsbozo 6 medxcax 0o 20%.

Logedena yHisepcanvricms m-meopemu, KA 003601A€ 8600UMU | IHWE NAPAMEMPU WO XaAPAKMePU3YIoms 8y21e800Hes] cucme-
MU, WO CYMMEBO POUUPAE MA NOKPAWYE BUSHAYEHHA Kpumepiig ixHboi nodibnocmi, HeoOXIOHUX 01151 NPOSHO3YBAHHS (ha308020 cma-
HY 8Y211e800HI8 Y PIHUX 2€0/02IUHUX YMOBAX.

Knrwwuosi cnosa: binvue - Bonuyvkuii HagpmoeazonocHuli patiow, 8yeneso0He6éa cucmema, mepmooapuyti ymMoeu, Koegiyicum
eiopocmamuunocmi, pazosuti cmam 8y2neso0Hi8, T- meopema, aHali3 POIMIPHOCHI.

A. B. JTIioouak, H. B. Konoouii, 10.B. Xoxa. TEPMOBAPHYECKHE YC/JIOBUA HE®TETA30HOCHOCTH H IIPO-
THO3HUPOBAHHA ®A30BOI0O COCTOAHHUA YITIEBO/JOPOAOB (HA IIPUMEPE BUJ/IBYE-BOJIBIIIKOI'O HE®TEIA-
30BOI'0 PAHOHA). IIposeden ananus pacnpedenenus mepmobapuueckux napamempos Mecmopodicoenuii y2iesodopodos. ITo pac-
npeoeneHur0 2e0mepMUYecKux napamempos 00CmamoyHo YemKo 6bl0eNIOMC 08d PA3HBIX NO 2e0MEPMUYECKOl AKMUBHOCTU patio-
Ha: cegepo-3anaomvlil, Ooree Npospemviil U 1020-60CMOUHbIL - OMHOCUMENbHO "Xonoouwii". MaxcumanvHble memnepamypsl omme-
YAIOMCsL NO IUHUU 2A30HOCHBIX CIPYKMYD, MASOMEIOM K Ce6epo-3anaoroll npuniamgopmenHoll yacmu Brewnerl 30Hb1.

Tokaszano, umo xapaxmep uzmeneHus KOIP@uyuenma uOpoOCMamMuyHOCIU 3a6UCUM OM O0CODEHHOCMEl CMpPYKMypHO-
MEKMOHUYECKO20 CIMPOEHUst UCCLEOYeMOll MePPUMOPUL.

Oyenka ¢azo6oeo cocmosinus y2neo00po008 basuposanach Ha NPOGeOeHUU AHAIU3A PA3MEPHOCIEN UX QUIUKO-XUMUYECKUX
CBOLICME U MEPMOOAPUYECKUX YCOBULL 3ale2aHUsl C60O00HBIX 2A308, KOHOeHcamos u Heghmetl 015 bonee uem 200 0bvekmos, komo-
pble 0anu npunivlg Grarudos uz mecmoposicoenuil bunvue-Bonviykoeo nHeghme2a3zoHOCHO20 patioHa.

Ha ocnose nposedennozo ananusa evieedenvl Kpumepuu Zy u Z,, Komopule onpeoensirom hazoeoe cocmosHue cmecu y2iee000-
0008 6 3anedxcu. Onpedenensvl 00nacmu YUCTIOBbIX 3HAUEHUL FMUX KPUMEPUES, XAPAKMEPUSVIOWUX MUNDBL Y2lleB000POOHBIX CUCTEM,
KOmopblie N03604510M, NPU HATUYUYU UHGOPpMAYUL OTMHOCUMETLHO 2T1YOUHDL 3A1e2AHUSA 3ANeMHCU, NIOMHOCMU U MOTAPHOU MACCHL Yl e-
6000p0008, a MaKdIce memnepamypul u 0asieHls, YCMaHosums pazoeoe cocmosHue y2nes000pooHol cucmemsl. Yecmanoeieno, 4mo
na anybunax npesvuuarowux 4000 M, 6 3a6UCUMOCHIU OM 2€0T02UHECKUX YCLO06ULl, HAOMIOOAIONCs OmKIoHeHus 3uavenuti Z,° om
cpeonezo 6 npedenax 0o 20%.

Jlokaszana ynusepcanbHocms m-meopembl, KOMOPAsi NO360J15em 6600UMb Opyaue Napamempbl Xapaxmepusylouue y2neo0opoo-
Hble CUCIeMbl, YUMo CYUWeCMBEHHO PACWUPUM U YIVYUUM YCMAHO8IeHUue Kpumepues ux noooous, HeodXxooumslx 08 NPOSHO3UPOSa-
HUsL pa306020 COCMOAHUA Y2lle8000PO008 8 PANUUHBIX 2E0N0SUYECKUX VYCI0BUSX.

Knroueeswvie cnoea: Bunvue-Bonviyxuii Heghmeea3oHOCHbIL PALiOH, Y2le8000POOHAs CUCHeMd, mepMobapuyeckue Yciosus, Ko-
apuyuenm eudpocmamuynocmu, pazogoe cocmosuue yeneso00poo0os, T-meopemd, AHAIU3 PaA3MEPHOCHEN.

Significance (Practical Value). When planning
the search, prospecting and exploration of oil and
gas fields, the establishment of the hydrocarbons
system phase state plays an important role. Under-
standing features of phase transformations is neces-
sary when planning developments of bed, industrial
processing of useful hydrocarbon raw material and
petroleum transportation. The information about the
phase state is necessary while assessing the hydro-
carbons reserves and planning measures to increase
the coefficient of their extraction from the beds in
different geological conditions.

We tried to create a method to establish hydro-
carbons phase state in the geological environment to
increase the efficiency of measuring oil and gas pa-
rameters.

The basic theorem of the dimension analysis
method, namely — n- theorem, in application to the
physical parameters that describe the hydrocarbon
systems (natural gases, gas-condensate, and oil) was
used in our work. It was necessary to conduct the
analysis of the parameters dimension describing the
hydrocarbons natural systems in the course of pro-
cessing. In the future, criteria that determine the
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phase state of hydrocarbons mixture in the roof of
the bed are defined on their basis.

Previous investigations. It is accepted that the
most accurate information on the phase states of hy-
drocarbon systems can be obtained by thermody-
namics [1]. This method is based on scientific fun-
damentals and conforms to mathematic simulation
as a necessary step from theory to practice. Solutions
are described in literature [1-4], including algorithms
of phase transformations in hydrocarbon systems
depending on their composition and P-V-T (pres-
sure-volume-temperature) behaviors of geology en-
vironment. Sometimes, these models include capil-
lary phenomena in the reservoirs, gravity influence,
multi-component filtration under high pressure con-
ditions for deposits at significant depths. It should be
noted, that complicated theoretical basis, multiple
approximations, and problems in properties compre-
hended for mixtures in P-V-T dependence, are the
reasons of hard transformation from pure theory into
practical applications.

Apart from the attempts to determine phase
state and phase transfigurations (transitions) in gas-
condensate and petroleum systems by means of
thermodynamic methods [4, 5] laboratory methods
and selection of deep fluids samples from formation
were proposed. We carried out laboratory investiga-
tions of formational hydrocarbon systems as well as
data of thermobaric conditions of their location in
sediments.

Results of the study. Estimations of hydrocar-
bon phase state were supported by analysing dimen-
sions of their physical-chemical properties and
thermobaric conditions of free gases, condensates
and oil (petroleum) from more than 200 locations
which supplied fluids to the deposits of Bilche-
\olytsa oil- and gas-bearing area [6]. Selected phys-
ical parameters for bed petroleum and gas-
condensate systems were determined from deep
samples in the laboratory of LB UkrDGRI (by Yu .G.
Filias and Yu. I. Petrash, 2002).

There are about 50 deposits in Bilche-\Volytsa
oil- and gas-bearing area, and only two of them con-
tain petroleum (Kokhanivka and Lopushna areas).
There are (Myshnya and Orchovychy area) deposits,
which contain oil and gas fields. Separate fields
(seventeen deposits) contain gas-condensate in small
amounts. The drilling range of the region is more
than 100 m/km? however it remains very perspec-
tive [6].

In the last years new facts obtained from the
wells yields enhance our understanding about the
distributions of the geothermic parameters [7, 11].
As a result of the geothermic materials treatment [7,
14] the schematic map [15] of the temperature back-
ground values distribution on the cross-section -
2000 m was modified. In the frames of the Carpathi-

an Fore deep the temperatures at a depth of -2000m
altered from 100°C to 65°C, in the north -west and
south-east respectively.

More heated north-west region is distinguished
in distribution of the geothermic parameters, where-
as the south-east region is less heated. The maxi-
mum temperatures are noted along the line of gas
structures, which are related to north-west bed part
of the outer zone. Averaged geothermal gradient
equals 2.6°C/100 m in the north-western part, in-
creasing on the north-western edge to 3-
3.5°C/100m. In the east-south part geothermal gradi-
ent is 2.6°C/100 m (Fig. 1).

On the basis of the bore-hole studies the most
accurate measurements of stratum pressures and
temperatures in sediments were considered (Table 1)
and their graphs were drawn (Fig. 2, Fig. 3)

In the north-western deep part of the region
(Kruchenychy-Lopushna), at the depth of approxi-
mately 1800-2000 m, stratum pressures are almost
equal to hydrostatic (conventional) ones, that is they
increase 10 MPa/1.0 km. A consequent increase in
the ratio of formation pressure to hydrostatic (con-
ventional) pressure is noticed below. The ratio is
named as a hydrostatic coefficient and reaches 1.4 at
4.0 km depth and 1.5 1.7 at depth of 5 km. (Fig. 2).

In the south-east up-lifted part of the region the
stratum pressures (in all the limits of depths) are
nearly the same as hydrostatical, thus, they increase
approximately 10 MPa /1.0 km (Fig. 3).

The hydrostatic coefficient (Ps/P.n) depends on
the structural-tectonic peculiarities of the studied
area (Fig. 4).

On the whole, the phase state of the hydrocar-
bon systems is determined by the thermobaric condi-
tions of bedding fields in rock formations. Two basic
factors influence on the phase state of hydrocarbons
in the bowels of the Earth. They are: 1) temperature
increase diminishes molecular mass of oil as a result
of destructive processes, and 2) pressure that is a
consolidating factor and interferes with the process
of high molecular chains destruction. Thus, it is ad-
visable to take into account the simultaneous action
of these thermodynamics factors [16]. For example,
a thermobaric coefficient, which describes the phase
state of hydrocarbon mixture as function of tempera-
ture and density, is offered in the paper [17].

Explaining patterns of spatial distribution of
hydrocarbons and separate prognostication of oil-
and gas-bearingness zones in the sequence of sedi-
mentary complex the attempt to take into account
except temperatures and pressures other parameters
characterizing hydrocarbon beds were realized. They
must be, first of all, rather ordinary to give complete
information about their numerical values. Secondly,
the values of parameters must be set for all consid-
ered systems of hydrocarbons, namely: natural gas-
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Fig. 1. Schematic geotemperature map at the depth of —2000m in the frames
of Bilche-Volytsa oil- and gas-bearing area
Table 1
Stratum pressures and temperatures at the depths of Bilche-Volytsa oil- and gas-bearing area
Deposit Depths Stratum | Stratum tem- Deposit Depths Stratum Stratum
(area) of pressure, | perature, (area) of pressure, [temperature,
measure, m| MPa K/°C measure, m|  MPa K/°C
1 2 3 4 1 2 3 4
North-western part Nyklovychy 1277 12,41 321/48
VWyzhomlya 788 7,10 312/39 Novosilky 1947| 21,18 348/75
952 9,32 315/42 Pynyany 2070 | 24,68 337164
1170 11,20 322/49 Sadkovychy 995 9,51 311/39
1286 12,24 325/52 Svydnytsa 340 3,44 295/22
1380 13,60 328/55 733 7,16 308/35
VWyshnya 637 6,73 303/30 Susoliv 2680 | 36,59 359/88
976 9,57 314/41 2833 | 35,73 363/92
1054 10,51 317/44 South-eastern part
1298 12,09 325/52 Yablunivka 980 10,86 308/35
1695 16,16 338/65 1280 | 11,60 315/42
Gai 1326 12,36 320/47 Cheremkhiv 150 1,38 288/15
1673 16,26 326/53
1835 17,36 333/60 Bogorodchany 1090 10,35 306/33
Gorodoc 663 6,42 307/34 1235 | 11,17 313/40
Grudiv 475 4,33 300/27 Kosiv 85 0,66 285/12
899 9,01 308/35 160 1,05 289/16
1201 11,20 319/46 440 4,19 293/20
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Table 1 continuation

1 2 3 4 1 2 3 4
Grushiv 1610 16,6 335/62 750 5,88 299/26
2025 20,85 342/69 Grynivka 580 5,53 295/22
2290 23,52 351/78 690 6,42 299/26
3307 35,80 371/98 836 7,55 303/30
Zaluzhany 1094 10,70 308/35 1010 9,23 308/35
1478 15,40 329/56 1135 [10,11 310/37
2007 22,05 335/62 1350 12,21 314/41
2660 29,18 352/79 Debeslavychy 129 1,22 287/14
2950 42,48 360/87 298 2,74 291/18
3295 44,59 371/98 Kovalivka 933 10,65 308/35
3430 54,94 379/106 1550 15,34 319/46
Letnya 1186 11,18 321/43 2050 21,92 332/59
1566 15,27 328/55 Krasnoilsk 780 5,78 302/29
Maynychy 2415 29,50 346/73 1221 10,41 316/43
2887 37,18 361/88 Pylypiv 238 2,02 290/17
3034 34,11 368/85 473 4,26 297/24
3243 48,07 371/98 Chornoguzy 591 5,12 299/26
3564 49,36 387/114 1170 9,03 315/42
3813 61,70 394/121 Kadobna 210 1,84 293/20
Lopushna 4180 70,93 373/100 740 7,16 300/27
4500 69,34 378/105 Sheremeta 903 9,11 304/31
5036 78,16 1095 |10,86 308/35
5136 77,03
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Fig. 2. Dependences of stratum pressures and temperatures in sediments upon the depths
in the north-western part of the Bilche-Volytsa oil- and gas-bearing area
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Fig. 3. Dependences of stratum pressures and temperatures in sediments
upon the depths in the south-eastern part of Bilche-Volytsa oil- and gas-bearing area
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Fig. 4. Graphs of the hydrocarbon fields distribution as a function
of the hydrostatic coefficient and the depth.

es, gas-condensate and oil. Among such parameters
most substantial for description of geological envi-
ronment are: temperature and pressure, depth of stra-
tum bedding, the average density and molar mass of
stable hydrocarbons mixture, taking into account
their reliability and availability.

The values of pressure and temperature in a
stratum are the result of direct monitoring by using
deep devices or interpolations of already available
data for a region, and average density and average
molar mass are determined experimentally or calcu-
lated.
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This task is solved by the method of dimen-
sional analysis, which, in turn, is an important tool at
the modeling of the real systems on the basis of si-
militude (theory of similarity). As it follows from the
first theorem of similitude, in case physical process-
es are similar to each other, then the same dimen-
sionless criteria of similarity of these processes have
an identical value. So, the solution to the task is car-
rying out such dimensionless criteria [18, 19]. Ap-
plying the fundamental for the dimensional analysis
n-theorem [20] we obtain the following common
expression:

a a a a a a
F(P1,p2 g4,R5,T6,H7)E

, Mas, 0 (1)

a

(F%)" (53)" (2) " (

On the second stage we distinguish all inde-
pendent dimensions which are present in a formula
(2) and compose a system of equations that looks
like that:

kg: a;+ta,+aztas;=0
m: -a;-3a,+a,+2a5+a; =0
s:-2a4-2a4-2a5=0
mol: -a;-a5=0
K: -as+ag=0 A3)

Solving the system (3) we obtain the following

expression:

([ )

abbreviated version is:

F(zf23)=0 )

In equation (4) Z; and Z, are criteria that allow

to solve our problem, and the degrees a and b are
selected so that the relationship between the criteria
expressed by the simplest means. In case of equality
(4) this is an equation of straight line, degree
a = 0.25 and b = 0.5. At solving the system (3) an-

where P - stratum pressure, p - density, M - molar
mass of hydrocarbons mixture, g - gravity of Earth,

- ideal gas constant, T - stratum temperature, H -
the depth of the deposit, al-a7 - arbitrary degrees
determined by the conditions of dimensionless of the
function.

The functional dependency (F) between the se-
lected parameters generally is implicit, that is one
parameter couldn't be necessarily expressed in terms
of the others. Entering gravity of Earth, equal to 9.81
m?/s and ideal gas constant R=8.31 J/mol*K is made
to bring the system in the Sl units. We put the di-
mensions into the function (1), a result of multiplica-
tion of which must be identical to one, i.e. dimen-
sionless:

a ay

B) (ma5s) (9°6) =1,

other criterion - Z; was obtained, which submits to
the next dependences:

Z1 pwater
Z; =Zs=Kn—p

where K;, - hydrostatic factor.
On the whole, the criteria got at decision of the
task are expressed so:

PM MgH P
= [DRT] = [ RT ] o [ng]

The criterion of "compression™ Z; shows the ra-
tio of hydrocarbon system compression energy to the
energy of thermal motion and equals one for the ide-
al gas. "Hypsometric" criterion Z, is the ratio of the
potential energy of the mass M risen to the height H
to the energy of thermal motion. In Figure 5 dotted
lines mark areas of the Z; and Z, criteria values to
which the different types of hydrocarbons of Bilche-
\Volytsa oil- and gas-bearing area correspond.

The areas of numerical values Z; and Z, crite-
ria, that describe the phase state of hydrocarbon (ab-
breviation in the table: G — gas, O — oil and G/C —
gas-condensate), were identified:

a
NZ1]07-10]1.0-12 | 1.2-1.6 | 1,6-5.0
ZZ
0-0.6 - _ G
06-14 | Gc | arc _ _
1417 | - 0 -
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the boundaries of hydrocarbons system types distri-
bution from values of criteria Z; and Z,, which
makes them a reliable tool to establish the phase

1
0,2
-y
0,6 |'|:|~\
1 A3
.
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[y A
[} [
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£ 1
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~~ i‘
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1,8 Z2

Fig. 5. Dependence of the hydrocarbons system types on values Z; and Z, criteria.
The data shown in Fig. 5 and the table indicate more heated north-western region and less
heated south-eastern one. The maximum
temperatures are noted along the line of gas
structures, which are related to the north-west

state of hydrocarbon deposits.

1.

near platform part of the outer zone.

Conclusions 3. It has been established that at depths more than
For the first time the dimensionless criteria Z; 4000 m, depending on geological conditions,
and Z,, which characterize the hydrocarbon there are deviations of value Z;% in limits 20%
systems and allow to set the phase state of the from the average one.

hydrocarbons system in the oil- and gas-bearing 4. Universality of n-theorem has proved the
sedimentary complexes having the information possibility to enter other parameters of
about the depth of the deposit, density and hydrocarbons systems in the sedimentary
molar mass of hydrocarbons as well as reservoir complex rocks. It significantly improves and
temperature and pressure, are determined. expands determination of similarity criteria
According to the distribution of geothermic required for predicting the hydrocarbons phase
parameters two areas differ rather distinctly: state in various geological conditions.
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