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The purpose of this work is to substantiate the optimal complex geological and geophysical studies of
filtration and capacitive characteristics of reservoir rocks with difficult geological cross-sections in order to
prevent the flooding of productive layers and monitor the dynamics of change for water-oil and gas-water
contacts. Methodology. The research methodology consists of the analysis and generalization from results of
geological and geophysical studies of oil and gas geological deposits; construction petrophysical
interconnections permeability coefficients with the coefficients of granular and absolute porosity at the gas and
gas condensate deposits in Sarmatian tiers gas and gas-condensate deposits; substantiation of the reflection of
high permeable rocks from the results of geophysical complex studies; determination of current values for gas-
water contacts (GWC), and determination of oil-and-gas extraction coefficients. Results. By results of neutron
methods it is possible to obtain the most reliable diagnostic information about the nature of reservoir saturation,
gas saturation coefficients, and also to monitor the dynamics of changes in the position of the GWC and WOC.
According to the obtained data, it is possible to predict and prevent the risk of flooding in productive rocks.
Scientific novelty. For the first time, the relationship between the distribution of water saturation coefficient
reservoir rocks and the equilibrium of capillary and gravitational forces in geological sections gas fields and
hydrocarbons division into separate zones. In addition, the petrographic dependences of critical values of water
saturation coefficient (K *) were obtained from the coefficient of porosity in Jurassic and Neogene deposits.
Practical value. The obtained scientific results allow the restudy of the stage of deposits within the open oil and
gas fields to determine with a great degree of reliability the dynamics of changes in water-oil and gas-water
contacts.
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Introduction and to monitor the dynamics of change of water-oil

The problems that have arisen in the fuel and and gas-water contacts.

energy complex of Ukraine are largely due to a

decrease in the production of gas-condensate and oil ethodology

due to the flooding of productive layers. Typical
technological and methodical methods of carrying out
geological and geophysical methods, both at the stage
of searches and at the stage of deposit development,
in each individual case, need to be improved. Taking
into account the fact that the geological structure of
the search areas in different Ukraine territories is
characterized by features and characteristics peculiar
to them only because of the deposits’ formation and
their overlapping of the overlay rocks. An extremely
urgent task is to establish the peculiarities structure of
matrix reservoir rocks that fulfill the geological
sections, and the justification of their filtration and
capacitive characteristics.

Purpose

The purpose of this work is to substantiate the
optimal complex geological and geophysical values
for filtration and capacitive characteristics of the
reservoir rocks with difficult geological cross-sections
in order to prevent the flooding of productive layers

The experience and results of geological and
geophysical works carried out on gas and gas-
condensate deposits in the northwest part of the Kru-
kenytska depression showed that the determination of
ways for water entering into the reservoir, as well as
the determination of the position and dynamics of the
change for GWC, is an extremely difficult task. In
most cases, this situation is due to significant
clayeyty, cracking and cavity of rocks, and the type of
cement in their matrix. This has a significant effect on
the results of the complex geophysical investigations
and the geological structure of Neogene deposits
explored in the gas-condensate fields of the search
areas. In addition, there is a presence of rift building
having significant affect extending along the Kra-
kovetskyi fault from the Polish-Ukrainian border,
with a range from several kilometers to ten kilo-
meters, [Krupskyi, 2001].

The formation of the Neogene system is
represented by the alohtonnyh sediments of Otnanian
tier, the Sambor subzone, and the autochthonous
deposits (Carpathian, Baden and Sarmatian tiers) of
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the Kosivsko-Ugerska subzone [Fedoryshyn, et al.,
2002; 2014].

The features of such a structure include the
presence of alohtonic and autochthonous sediments
within it, the thickness of which varies depending on
belonging to the Sambir or Kosiv-Uner subzone.
Capacity varies from 600 to 1690 m.

Autochthonous deposits that fill Neogene deposits
of gas and gas-condensate fields lie on the blurry
surface of the Mesozoic era, reflected in their
structure, mineralogical composition, type of cement,
and filtration-capacitive characteristics. Basically it is
the deposits of Helvetian, Baden, and Sarmatian tiers
with which the deposits of gas and condensate are
associated in the Neogene system cross-section.

It should be noted that the reflection of the above
sediments in the geophysical fields is also ambiguous,
which greatly complicates the interpretation of well
researched results in the process of exploration and
extraction of hydrocarbons.

Based on the foregoing, it can be seen that the
standard methodological and technological methods
used in the course of geophysical well logging (GWL)
do not always allow solving the problems set for
determining the reasons of decreased hydrocarbon
production.

In particular, the insufficient efficiency of the
results of geophysical well logging is noted in
assessing the nature of saturation reservoir rocks with
the complex structure of the abovementioned rocks,
and monitoring the dynamics of changes in WOC and
GWC during the development of the deposit. This is
especially true for the so-called “waterfowl” oil and
gas deposits.

The definition of the position of WOC and GWC for
this type of deposit is complicated by the fact that in this
case two different problems are solved, namely:

— setting the WOC position;

— setting the GWC position.

On the example of analysis of the results of
geophysical studies for geological sections with
complex structure in oil and gas condensate deposits
in Western Siberia, it is evident that the change in the
composition of fluid by height is identical regardless
of whether it is a reservoir deposit or a massive
[Serjenga, 2007]. In most cases, the law of water
saturation changes by height in depositsonly “one”
what?law?) (Fig.1). From the figure it can be seen that
the distribution of water-saturation by height of the
deposit is mainly determined by the equilibrium of
capillary and gravitational forces acting on the
formation fluids. The value of the coefficient water
saturation in rock defined in the core material allowed
to establish four characteristic zones in hydrocarbon
deposit with complex structure:

— the first zone is boundary saturated with the
condition (K, = K,;,), where K, — coefficient of water
saturation; and K, — coefficient of the boundary
value of bound water, above which free water
appears.

— the second zone is undersaturated with water
with the condition Ky, < K< K. , where K,, is the
limiting value of the water saturation coefficient,
below which pure oil will be obtained;

— the third zone is transitional, where K, < K,<
<K, where K, is the limiting value of the water
saturation coefficient above which pure water will be
obtained;

— completely saturated water, where K, = 1.

The establishment of boundaries above these
zones is carried out in the process of monitoring the
dynamics of changes in water-oil, water-gas, and oil-
gas contacts using the results of geophysical studies in
wells.

As for the notion of water-oil contact, it should be
noted that there is no strictly unambiguous
interpretation of it in industrial and scientific
activities. This is due to the fact that the transition
from the oil-saturated section to the water-saturated
section of collector occurs gradually, and in this
connection the contact is not clear. Such a
phenomenon can be explained by the influence of
capillary forces on the distribution of water in the
void of the oil saturated collector.

The upper boundary of the transition zone is the
area of maximum water-saturated collection, and the
bottom is the roof of the water-saturated section
reservoir rock.

WOC is carried out at a depth where the resistance
of rock (p;) is equal to some definite critical value
(p) [Savostianov, 1984; Fedoryshyn, et al., 2004]. In
most cases, WOC is determined by electrometric data.

Comparing the critical values of specific electric
resistance value (SER) of the unchanged reservoir
section and its water saturation coefficient to the
measured electric resistance of rock (p,) allows
preliminary estimation of the nature of rock saturation
that characterizes the boundary above which during the
test will receive industrial inflow of hydrocarbons. For
this purpose, two methods are used to determine the
SER and the water saturation coefficient. The first
method of determining p,” i K, — is based on the
statistical analysis of values p; i K, determined by
direct testing of productive and non-productive layers.
This was based on the results from obtained data, and
the construct of statistical graphs of the distribution, of
the oil and gas-saturated reservoirs, which during the
test were given an industrial oil or gas stream, and for
collectors that received pure water with signs of oil or
gas (water-saturated rock-collectors). By combining the
distribution curves of parameters obtained in the study
for two types of collectors (productive and non-
productive) represented in a single scale, it received a
point of intersection on the regression line, which
corresponds to a certain value p;” or K,”. The
disadvantage of this method is that the results (main
parameters) of the test are obtained at the final stage of
field exploration. The second method for determining
parameters p,” and K,,” is more versatile at the base,
where it lies with petrophysical interconnections
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established by experimental study of core samples in
conditions close to the reservoir. This method involves
the use of phase-permeability data for oil, gas, and
water (Kpero, Kperg, Kperw) taking into account the
coefficients of oil-gas saturation and water saturation

(Keo, Ky). According to the results of core
capillarization, the values of critical water saturation
(K) are obtained from which an anhydrous oil inflow
will be obtained [Taujnianckyi, et al., 2003,
Fedoryshyn & Vytvytska, 2010].
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Fig. 1. The distribution of fluids and the nature of changes of water saturation
in collectors by height for oil and gas condensate deposit in Western Siberia
[Serjenga, 2007]

Experimental capillarometric core investigations
selected from the deposits of the Jurassic system
Harampurske oil and gas field have been carried out
and allowed the construction of the petrophysical
dependence of critical water saturation values K,
from the coefficient of rock porosity. As can be seen
from Fig. 2, all layers that fulfill the Upper, Middle,
and Lower Jurassic epochs are characterized by iden-
tical and similar structural and lithological charac-
teristics. Using the constructed dependence for layers
with different porosity we determine the limit value of
their productivity. Given this value, we calculated the
volume of its volumetric moisture:

on= K, K, (1)
where K, — coefficient of open porosity; K, — limit
value of water saturation coefficient.

Results

Constructing the dependence w,, = f(p,) we carry
out the transition to the critical values of specific
electrical reservoir resistance (SER). Taking into
account that the geological structure of gas and gas-
condensate deposits is complex, in each individual
case the p,” will be different from other values, and its
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value will be determined by the physical and
filtration-capacitive parameters of reservoir rocks.
Thus, the obtained critical values of p,* and K, are
clarified at the stage of drilling (studying) the field
and allow with high reliability determination of the
position of GWC and WOC.

However, it should be noted that the use of only
the above parameters to determine the position of
GOC is not enough, considering the complex
geological structure of the cross-section and the
technological conditions for the disclosure of
productive layers. In most cases neutron methods are
used to determine the boundaries of the productive
formation, in particular, the repeated neutron logging
(RNL). Repeated studies of neutron logging are
carried out in cased wells where the processes of
breaking the penetration zone occur, with the
consequence of changing the effect of the gas
reservoir saturation on the geophysical data. In most
cases, the effects of gas influence the date of neutron
methods during the breakdown of the penetration
zone, and are equal to the errors of apparatus
measurements.

Taking into account that the breakdown of the
penetration zone for productive rocks in terrigenous



Geodynamics 1(26)/2019

sediments occurs from two or three months to several
years depending on their filtration-capacitive
parameters, the change in position of WOC and GWC
occurs in wide limits. Geological and technological
factors have a significant influence on this process.
Such factors include the complex lithologic-
stratigraphic and tectonic structure of geological
deposits that fill it, and the presence of tectonic faults
which determine the various changes in GWC. The
second factor is characterized by a change in
filtration-capacitive parameters of productive layers.
To this factor can be attributed also the technical error
of determining the depth of rocks due to lack of
informativeness for well geophysical instruments, as
well as the extension of the cable. All of the above
factors lead to errors in the process of determining the
absolute depth of the lithologic-stratigraphic unit of
rocks and as a consequence the position of interfluid
contacts. See Fig. 2.
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Fig. 2. Standard dependence of critical water
saturation value K, from K, for the layers of the
Jurassic horizon [Serjenga, 2007]

On the example of correlation scheme for Jurassic
sediments at north-eastern part Harampurske field, it
is clear that the lithologic-stratigraphic deposits
discovered by the well Ne 321 differ significantly in
their depth, in particular the thickness of productive
rocks, as well as the nature of their saturation (Fig. 3).
The analysis of results of geophysical well logging
allows us to conclude that the wells 311R, 330R are
drilled in one tectonic unit, and the well 301R
revealed similar deposits in another tectonic block. In
correlation scheme, it clearly distinguished the
different depths of occurrence for stratigraphic layers
Ji-1, J;-3, J;-4. By absolute marks, this oil reservoir is
located 30 m deeper than in wells 311R and 330R.
According to the results of the test from productive
reservoir J;-1 in the range 2902.0-2906.0 m, an
inflow of condensate with debit 21.01 m*/ day, gas 327
th.m® / day was received. At that time, tests of this

formation in well 330R range from 2864.0-2867.0
and allow the condensate to flow 10.7 m®/ day and gas
14.8 th.m’/ day [Serjenga, 2007; Krasnozhon &
Kozachenko, 2007; Dunn, et al., 2002].

Determination of the position of gas-water contact
(GWC) in the above-mentioned Jura deposits is
problematic due to both the tectonic features of the
geological structure and the low efficiency of geo-
physical methods, the results of which are displayed
in different ways in separate blocks of stratigraphic
sections. In this regard, for determining GWC and
GOC within the search fields with complex geological
structure, in most cases relied on the results of testing
the productive layers after their reopening by
perforation.

Taking into account that WOC and GOC are the
boundary surfaces in the transition zone of oil or gas
deposits, it is proposed to use in the process of
monitoring the dynamics of change GWC a complex
of nuclear-physical methods, in particular the neutron-
gamma logging, re-neutron logging, and also in the
process of drilling, carrying out electric resistant
methods and the self-potential method. Determination
of the boundary of water-oil and gas-water contacts
by the results of most neutron methods is based on the
anomalous neutron properties of chlorine, which is
contained in formation waters. Such effect is
characteristic for all terrigenous deposits, irrespective
of which tectonic block and which field they are
located. However, it is necessary to obtain bench
marking of neutron research in front of water, gas,
and oil reservoirs. It should also be noted that pulsed
neutron methods, in particular pulsed neutron-neutron
logging (PNNL), are characterized by a much greater
sensitivity to the content of chlorine in rocks and
allows the determination of the position of WOC and
GWC in the cross-section where the mineralization of
reservoir waters is 40-50 g/l, and in some cases
20-30 g/l [Allen, et al., 1991; Coates, et al., 1999;
Fedoryshyn, et al., 2014].

Practical value

The obtained scientific results allow restudy of the
stage of deposits within the open oil and gas fields to
determine with a great degree of reliability the
dynamics of changes in water-oil and gas-water
contacts.

Conclusions

Thus, according to the results of neutron methods
it is possible to obtain the most reliable diagnostic
information about the nature of reservoir saturation,
gas-oil saturation coefficient, and also to monitor the
dynamics of changes in the position of GWC and
WOC. According to the obtained data, it is possible to
predict and prevent the risk of flooding productive
layers. See Fig. 3.
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CORRELATION SCHEME THROUGH 301R-311R-330R
RECONNAISSANCE WELLS OF NORTH-HARAMPURSKE FIELD
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Fig. 3. Geological and geophysical cross-section of the eastern part of the northern deposit at

Harampurske field [Serjenga, 2007].
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YAOCKOHAJIEHH KOMIUIEKCY BUBYEHH TMHAMIKY 3MIHU BOJOHA®TOBOI'O
KOHTAKTY (BHK) TA TA30BO/ISIHOI'O KOHTAKTY (I'BK) 3A PE3YJIbTATAMU HEUTPOHHUX
TA EJIEKTPUYHUX METOJIB

Meta. Meroto poOOTH € OOTPYHTYBAaTH ONTHUMAJbHHHA KOMILUIGKC TeOlOro-reoismuHux IOCIiIKEHb
(ITBTpAIlifHUX Ta €EMHICHHX XapaKTEPUCTHK TIPCHKUX IOPiA CKIIAJAHO-TO0YJOBAaHUX T'€OJIOTIYHHX PO3pi3iB 13
METOI0 3amo0iraHHs OOBOJHEHHS! MPOXYKTUBHHUX IUIACTIB Ta MOHITOPUHTY JHHAMIKU 3MiHH BOJOHA(TOBHX,
ra30BOASHUX KOHTakTiB. MeToamka. MeToanka JOCITiKEHb MOJISArae B aHaji3l Ta y3arajbHEHHI pe3yJbTaTiB
reoJoro-reoPismuyHuX JOCIiIPKEHb i3 BHBYEHHS T€OJIOriyHOi OyJOBM poO3pi3iB HA(TOra30oBUX Ta Ta30BHX
POmOBHI; TOOYI0BU NETPO(PI3UUHUX B3AEMO3B’S3KIB KOE(ILI€HTIB TPOHUKHOCTI 3 KOoe(illieHTaMU TPaHy ISIpHOT
Ta abCOJIOTHOI IOPUCTOCTI MOPiA-KOJEKTOPIB Ta30BHX Ta Ta30KOHIEHCATHUX POJOBHIL;, OOIPYHTYBAaHHS
BiJJOOpaKeHHsI BUCOKOIPOHUKHHX TOPiA Y pe3yibTraTax reo(i3MYHUX KOMIUIEKCHHX JIOCIIDKEHb;, BH3HAYECHHS
MMOTOYHUX 3HAYeHb ra3oBoadHMX KOHTakTiB (I'BK) Ta BcraHOBiIeHHs Koe(ilieHTiB HadTOra3oBHIYYCHHS.
PesyabraTt. 3a pe3ynbTaraMH HEHTPOHHUX METOMIB MOXXKHA OTPHUMAaTH HANIOCTOBIPHINIY IiarHOCTUYHY
iH(pOpMaIiio Mpo XapakTep HACUYEHHS IUIAcTa, KoedilieHTa ra3oHa()TOHACHYEHHS, a TAKOX MTPOBOAUTH MOHI-
TopuHT nuHaMiku 3MmiHu nonokeHHs I BK i BHK. 3a orpumaHuMu naHuMU MOXKHA riepenOaduTH i 3amo0irTu
PHU3MK OOBOIHEHHS NPOJYKTHUBHUX IoOpia-koiekropiB. HaykoBa HoBH3HA. Brieprie BCTaHOBJIEHO B3a€MO-
3B’A30K PO3MONLTY KOe(illieHTa BOJOHACHMYEHHOCTI MOPiJ-KOJEKTOpiB 13 PIBHOBAarow KamiIIpHUX Ta Tpa-
BITAIlIHMX CHJI Y TEOJOTIYHUX pOo3pi3ax ra3oBUX POJNOBHIN Ta MOALI MOKIAJIB BYIJIEBOIHIB Ha OKpPEeMi 30HH.
OKpiM IIBOTO OTPUMAHO MmeTporpadivHi 3aJIeKHOCTI KPUTHIHUX 3HAYCHb KoedilienTa BogoHacudeHHOCTI (K,*)
BiJ Koe(illieHTa MOPUCTOCTI IOPCHKUX Ta HeoreHoBHX BinknaiiB. [lpakTtnuna minHicTh. OTprMaHi HayKOBi
pe3yNbTaTH J03BOJISIOTH HA €Talli JOBUBUSHHS MOKIAJIB y MEXaX BIIKPUTHX POAOBHII HA(TH i ra3y BU3HAYATH
3 BEJIMKUM CTYIIEHEM JIOCTOBIPHOCTI IMHAMIKYy 3MiHHM BOJIOHA()TOBUX Ta ra30BOJASHUX KOHTAKTIB.

Kniouosi cnosa: 0OBOMHEHHS NPOJYKTHBHUX ILUIACTIB, BOJOHA(TOBHH KOHTAKT, T'a30BOJASHHHA KOHTAKT,
HEUTpOHHUI MeTo/.
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