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Abstract: This paper discusses the productive beds of the Urna and Ust-Tegus oil fields (West Siberia, Russian) and
permeability and capacity properties that are influenced by geodynamic processes. Strong tectonic processes, accom-
panied by periodic magma intrusions, produced numerous fractures and faults in the Jurassic sediments, which act as
conduits for groundwater flows, and thus led to the hydrothermal alteration of rocks and changes in the pore space.
The data presented in the paper testify to the manifestation of these processes in the modern hydrogeochemical and
geothermal conditions of the Jurassic-Cretaceous sediments within the two oil fields and their vicinity. The petrophy-
sical studies of the core samples and the hydrodynamic studies in the wells confirm that the reservoir properties of
the productive strata are considerably heterogeneous. Despite the significant effect of the geodynamic factors, the
analysis of the tracer data has not revealed any apparent spatial consistency of the presence (or absence) of a hydro-
dynamic connection between the wells and the locations of fractured and dynamically stressed zones. In our study, we
have proposed and tested a method based on the analysis of morphotectonic features detectable in the depth maps of
reference surfaces. This method is a useful additional tool for discovering and analyzing the relationships between the
tectonic and hydrodynamic conditions of oil and gas fields.
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T'EOAMHAMUYECKUE U TUIPOJMHAMUYECKUE YCJIOBUS YPHEHCKOTO
1 YCTb-TETYCCKOTO HE®TSHBIX MECTOPOK/IEHUI
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AHHOTanus: B paGoTe paccMaTpUBaOTCI 0COGEHHOCTH CTPOEHUSI U GpUIbTPALMOHHO-eMKOCTHBIX CBOWCTB NMPOJYK-
TUBHBIX OTJIO)KEHUH YPHEHCKOro U YcTb-Terycckoro MecTopoxaeHuid 3anasHol Cu6upH, o6ycI0BIeHHbIE BO3/eH-
CTBHEM reoJMHaMHU4€eCKUX NPOLECCOB. ITU NPOLECChl IPUBENH K GOPMUPOBAHHIO MHOTOUHCIEHHBIX TPELMHOBATHIX
30H B 0CaZJ0YHbIX OTJIOKEHHUSX IOPCKOr0 KOMIIJIEKCA, IO KOTOPBIM NPOUCXO/U/I0 aKTUBHOE JBHKEHHE MOJ3EMHBIX
BOJl U CONYTCTBYMOLIEe 'MAPOTEPMaJbHOE IPeo6pa3oBaHre NOPOBOr0 NPOCTPAHCTBA 0CAZ0YHbBIX OT/I0KeHHUH. [Tpes-
CTaBJIEHHbIE B paboTe JaHHbIE CBU/IETEJIBCTBYIOT O IPOSIBJIEHUH 3THX NPOLECCOB B COBPEMEHHBIX U POreoXuMHye-
CKHX Y re0TEPMUYECKHUX YCIO0BUSX I0PCKO-MeNOBbIX OTJIOXKEHUH pacCMaTpUBAeMbIX MECTOPOXKJEHUH U NpUJIeraro-
IMX pailoHOB. C/1eICTBHEM KOMIIJIEKCHOTO BO3/IeHCTBUS OTMEYEHHbIX IPOLIECCOB SIBJISIETCS CyleCTBEHHAsi HEOLHO-
POJIHOCTb KOJIJIEKTOPCKUX CBOMCTB NMPOJYKTHUBHBIX OTJIOXKEHUH paccMaTpUBaeMblX MECTOPOXKJEHHUH, YTO MO TBep-
xAaeTcsd neTpoPU3UYeCKUMHM HCCJIe[0BAaHUSAMH KepHa WM pe3y/bTaTaMU T'MJPOJUHAMUYECKUX HCCJIe[OBAaHUH B
CKBa)KMHAX. AHaJIM3 NPOBEJEHHBIX TPACCEPHBIX MCC/IeL0BAaHUN CBUJETEJIbCTBYET O TOM, YTO, HECMOTpPS Ha Cylle-
CTBEHHOE BJIMSIHHE reoJHHaMU4ecKoro GpakTopa, He NMPOC/IeXKUBAETCS IBHOM NMPOCTPAHCTBEHHOM COTJIaCOBAHHOCTH
B HAJIMYUU HUJIM OTCYTCTBUH IMAPOJAMHAMUYECKON CBSA3U MEXAY CKBaXKMHAMU C PacIlOJI0KEHHUEM 30H TPELIMHOBATO-
CTH Y JJMHAMHUYeCKH HaNpspKeHHBbIX 30H. B pa6oTe mpejsioxkeH W anmpoGUMpOBaH MeTO/[, OCHOBAaHHBIM Ha aHaJu3e
MOpPGOCTPYKTYPHBIX NOKa3aTeJell CTPOEHHUS OMOPHBIX FOPU30HTOB, KOTOPLIH MOXET CJIYXKUTb JAOINOJHUTEIbHBIM

HHCTPYMEHTOM JJId dHa/IN3a CBA3HU TEKTOHUYECKUX U TUAPOJUHAMUYIECKUX YCJIOBI/Iﬁ Ha MEeCTOPOXAEHHAX.

Kio4yeBsie ci1oBa: reoguHaMH4eCcKue yCJl0BUsd; lOpCKI/Iﬁ KOMILJIEKC; naaeo30HUCKUM Q)yHAHMeHT; HUHTPY3UA;
¢HﬂprauHOHHO-eMKOCTHbIe CBOﬁCTBa,‘ HEOAHOPOAHOCTb; YPHEHCKOG )54 YCTb-TerCCKOE

MeCTOpOXKAEeHUuA

1. INTRODUCTION

Geodynamic processes are among the most im-
portant natural processes influencing the structure and
properties of sedimentary strata. Recently, the atten-
tion to the analysis of these factors in the problems of
hydrocarbon deposits exploration and development
has increased markedly [Afonin, 2008; Bagdasarova,
2001; Vakhromeev et al, 2017; Volobuev et al, 2003,
Shein, 2007; Schuster, 2010]. This is mainly due to the
development of high-precision remote seismic 3D me-
thods that allow studying a deposit structure in detail,
as well as improving the quality, diversity and amount
of information obtained by well research at the stages
of geological exploration and development of the oil
fields.

The scale and nature of the impact of geodynamic
processes determine the block structure of the sedi-
mentary cover and can cause a significant heterogenei-
ty of hydrodynamic properties of the productive strata
of oil fields. In order to ensure successful exploration
and development of oil deposits with such features,
specialized research approaches are required to pre-

m

dict and clarify the structure and properties of produc-
tive horizons in detail.

In West Siberia, the Urna and Ust-Tegus oil fields
are typical cases showing the significant influence of
geodynamic factors on the structure and properties of
productive sediments, as well as the problems expe-
rienced during the field exploration and development,
and the problem solving approaches. The exploitation
of these oil deposits and the effectiveness of enhanced
oil recovery (EOR) techniques are considerably in-
fluenced by faults and fractures detected by geological
and geophysical studies [Vashchenko et al, 2005; Kur-
chikov et al, 2013; Prokhorov et al, 2012; Khasanov et
al, 2004]. Based on the analyzed characteristic features
of the terrestrial surface, dynamically stressed zones of
mainly NW and NE orientations were identified. These
zones are traced in the crystalline basement and the
Jurassic and Neocomian strata and form the block sys-
tem of the productive sediment structure [Kurchikov et
al, 2013; Prokhorov et al., 2012].

Substantially heterogeneous properties of the Urna
and Ust-Tegus oil fields are described in [Kurchikov et
al, 2012]. According to [Vashchenko et al, 2005], the
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1 - ropopaa; 2 - rpanuna 3anagHo-Cubupckoro merabacceiiHa; 3 - rpaHULbl HeQTEra3oHOCHBIX PaHOHOB; 4 — 06J1aCTh UCC/IEeL0BAHUS;
5 - rpaHuLbl YpHEHCKOT0 U YcTh-Terycckoro JIMLeH3UOHHBIX yYaCTKOB.

deposit at the Urna field is associated with a basal
stratum that is a product of weathering, destruction
and hydrothermal processing of Palaeozoic rocks. Hy-
drodynamic connection is possible between the Juras-
sic sediments and the fracture system of the pre-
Jurassic basement [Kurchikov et al, 2012; Kurchikov et
al, 2013], since the heterogeneity of the deposits pro-
perties is largely determined by magma intrusion and
effusion. The analysis of hydrogeochemical and geo-
thermal features confirms the above assumption and
complements the understanding of the manifestation
and significance of the processes caused by the in-
fluence of tectonic factors in the Urna and Ust-Tegus oil
fields [Kurchikov et al., 2013].

Although extensive research has been carried out on
these oil fields, a number of research problems remains
as the nature of the influence of geodynamic processes
on the structure and properties of productive rocks is
ambiguous. A challenging task is to analyze and predict
the spatial patterns of changes in hydrodynamic pro-
perties of the productive sediments, which is of im-
portance for both theoretical modeling of the relation-
ships between geodynamic and hydrodynamic condi-
tions and technologies aimed at the efficient develop-
ment of the oil and gas fields in West Siberia.

2. GENERAL CHARACTERISTICS OF THE URNA AND
UsST-TEGUS OIL DEPOSITS

The Urna and Ust-Tegus oil deposits are located in
the Uvat area of the Tyumen region and confined to the
NW part of the Demyanka hydrocarbon-bearing area
(Fig. 1). The distance between these deposits is about
20 km. In the Urna field, Jurassic sediments are repre-
sented only by the upper strata (Vasyugan, Georgievsk
and Bazhenov Formations), and oil deposits are con-
fined to bed Ji. In the Ust-Tegus field, beds ], and Js
(Tyumen Formation) are productive, and bed J; is oil-
bearing, but not productive and therefore not involved
in the development.

Despite the proximity in location, the oil deposits
are significantly different in structure, primarily due to
differences in the formation of the pre-Jurassic base-
ment. In the Urna field, due to strong intrusive and ef-
fusive processes, the basement is by 200-300 m higher
than in the Ust-Tegus field.

Corresponding differences are manifested in the
compositions of the basement rocks. According to the
core data, the pre-Jurassic stratum of the Urna field is
represented by metamorphosed igneous rocks, mainly
andesite-basalt, dacitic, and diabase porphyrites. The
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Puc. 2 Boi/lesieHre pa3pbIBHBIX HApyIIeHUH Ha YpHeEHCKOM MecTopoxaeHuu [Khasanov et al, 2004). Pazniombl ycTaHoBJIe-
HBI BJJ0JIb celicMuieckoro npo¢uss L240. N30xpoHHas IOBEPXHOCTb COOTBETCTBYET OTPAXKAIIEMY TOPU30HTY A.

composition of the pre-Jurassic formations of the Ust-
Tegus field is more diverse and, in addition to effusive
rocks, includes marbled limestone and shale. The
weathering profiles of the Urna field show the products
of granite erosion, effusive rocks and tuffs. Tuff brec-
cias are present in the Ust-Tegus field as well.

The characteristic features of the intrusive and effu-
sive magmatic processes are their periodicity and oc-
currence with a varying intensity over a long period of
time. At the same time, new intrusions penetrated into
previously unaffected zones, which predetermined the
formation of complex local features of the studied
fields, including small domes on the respective surfaces
of the Ust-Tegus field. Magma cooling and crystalliza-
tion was accompanied by the emergence of low-density
fractured zones at the boundaries of the intrusive
objects.

This idea is supported by the presence of faults on
the limbs of local uplifts in the Urna field, which are
detectable in the interpreted 3D seismic images (Fig. 2)
[Khasanov et al, 2004]. More detailed depth maps of
the basement beneath the oil fields show a complex
structural framework (Tyumen Science Centre [Babu-
rin, Zervando, 2009]). See, for instance, a depth map of
the pre-Jurassic basement surface (Fig. 3), where tec-
tonic faults are shown as thick red lines.

As a consequence of tectonic processes, groundwa-
ter moved actively along faults and low-density zones,
and this process was accompanied by the hydrother-
mal alteration of the pore space of the sedimentary de-

posits (also traced in other nearby fields [Nedolivko et
al, 2005]). As a result, the pore space of the reservoir
rocks became substantially heterogeneous with the
presence of highly permeable rocks. This fact accounts
for the high daily yields of the production wells (400-
500 tonnes and more).

3. MANIFESTATION OF TECTONIC FACTORS IN
GROUNDWATER CHEMISTRY AND FORMATION
TEMPERATURES

The hydrothermal processes that cause significant
changes to the pore space of reservoir rocks are re-
flected in the alterations of groundwater chemistry in
the Jurassic sediments of the Urna and Ust-Tegus oil
fields (Table 1).

The groundwaters of the two fields are similar in
pH, water salinity and concentrations of Na2+ and CI-.
The groundwater of the Urna field has higher Ca2+ and
S04%, but lower HCO3- than the groundwater of the Ust-
Tegus field. The groundwater of the Urna field is of Ca-
Cl type, according to the classification of V. Sulin [Sulin,
1948], while the groundwater of the Ust-Tegus field
rarely shows Ca-Cl (2 samples) and Mg-Cl composi-
tions, but contains much more Na?* and HCOs, with
moderate variations (Table 1).

A characteristic feature is traced in the groundwater
chemical composition change with depth in the
Ust-Tegus oil field. In the samples from well 116, the
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Fig. 3. Depth map of pre-Jurassic basement surface, reflector A [Baburin, Zervando, 2009]. Thin red lines are boundaries of
license areas; heavy red lines are faults.

Puc. 3. CTpykTypHas KapTa J0I0pPCKON KpoBJM $YyHAAMeHTa IO OTpakawlleMy ropusoHTy A [Baburin, Zervando, 2009].
ToHKMe KpacHble TMHUY - TPaHUILbI JIUILEH3UOHHBIX YYaCTKOB; XKUPHbIe KpacHbIe IMHUU — Pa3JIOMBbI.

Table 1.Average content of the main chemical components in the groundwaters of the Urna and Ust-Tegus fields

Ta6uauna 1.CpegHue 3HaYEHHA XMMUYECKOT0 COCTABa MOA3€MHBIX BO/,

Parameter/Component Urna Ust-Tegus

N Average N Average
pH 7 6.62 19 6.94
M 9 23.81 19 22.51
Na+* 9 7589.89 19 8070.72
Caz+ 9 1398.56 19 320.46
Mg2+ 9 99.29 19 112.67
S04 9 79.11 19 13.85
Cl- 9 14067.56 19 12314.37
HCO3- 9 611.33 19 1688.47
I- 4 33.35 1 4.80
Br- 4 61.78 1 4490
B- 1 18.77 0
CO3% 4 3.00 2 12.00

N o t e. N - number of analyses; M - total salinity (g/L). Concentrations of the main chemical components in mg/L.

[Ipumedasnue N-KOJIMIeCTBO aHANINU30B; M - 0611as MUHepaausauud (r/). KoHieHTpauuu oCHOBHBIX XMMUYECKHX KOMIIOHEHTOB

B MT'/JL.
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T able 2. Major-ion chemistry of the groundwater sampled from well 116 in the Ust-Tegus field

Ta6auma 2. XHMHYECKHII cCOCTaB MPOG6 M0A3eMHBIX BOJ, U3 CKB. 116 YcTh-Terycckoro MecTopox/ieHus

Sampling interval, m pH M Na+ Caz+ Mg2+ S042 Cl- HCO3- Type
g/L mg/L
2458-2460 6.65 24.60 8680 460 175 16 14000 1490 Ca-Cl
2485-2529 6.9 23.00 8000 520 120 12 12700 1540 Ca-Cl
2485-2529 6.9 23.00 8000 520 130 12 12700 1540 Mg-Cl
2485-2529 7.15 22.40 7800 510 130 15 12400 1510 Mg-Cl
2485-2529 6.6 23.00 8000 510 130 15 12700 1540 Mg-Cl
2553-2563 6.95 21.10 7660 215 73 13 11000 1800 Na-HCOs3
2553-2563 7 20.80 7540 224 73 16 11000 1800 Na-HCOs

N o t e. N - number of analyses; M - total salinity (g/L). Concentrations of the main chemical components in mg/L.

I1 pPpUMEYaHUe. N - KoJIN4ecTBO aHaJIU30B; M - 06H.la$l MHWHepa/JIn3anusa (F/J’I). KOHL{GHTpaI.[I/II/I OCHOBHbBIX XUMHUYE€CKHUX KOMIIOHEHTOB

B MTI/JL

major-ion chemistry of the groundwater varies with
depth from Ca-Cl to Mg-Cl and then to Na-HCOs
(Table 2).

The presence of sodic-bicarbonate waters in the
Ust-Tegus Jurassic sediments indicates a strong impact
of the groundwater movements,most likely, as a result
of the penetration of carbonated water from the pre-
Jurassic basement. This idea is consistent with the lith-
ological difference of the pre-Jurassic rocks in the Urna
and Ust-Tegus fields - abundant basaltic volcanics in
the former, and carbonates in the latter.

Generally, the observed hydrogeochemical features
may occur due to the influence of other factors, such as
the expulsion of pore waters from mudrocks during se-
diment compaction or dehydration. However, this effect
appears unlikely in the Urna and Ust-Tegus fields, judg-
ing by the continuity of the overlying Bazhenov For-
mation and supra-Achimov shales and the environments
of deposition and subsequent metamorphism.

The penetration of bicarbonate waters from the
overlying Cretaceous sediments, as another likely fac-
tor, was investigated by analyzing the chemical compo-
sitions of the groundwaters sampled from the two
fields and their vicinity, including most of the Yugan,
Kaimys, and Demyanka areas and partly the Pologru-
dov and Priirtysh areas (in total, ~55000 km?2).

In total, 176 analyses were performed using the sam-
ples from 97 wells (Lower Cretaceous, Aptian-Albian-
Cenomanian and Neocomian and Jurassic) aquifers). The
average major-ion concentrations in the groundwaters
from Cenomanian, Neocomian (without Achimov shale),
Achimov, and Jurassic strata are given in Table 3. The
Achimov shale is considered separately because it dif-
fers in structure and deposition environment, as well as
in the presence of continuous and thick mudrock layers
above it.

Generally, the analyses of groundwaters from the
Aptian-Cenomanian and Neocomian strata (without the

Table 3.Major-ion chemistry of the groundwaters sampled from the Jurassic and Cretaceous aquifers

Ta6auiyga 3.XHMHYECKHH COCTAB IMOA3EMHbIX BOJ BOJOHOCHBIX KOMILJIEKCOB

Component Cenomanian Neocomian Berriasian-Valanginian Jurassic

N Average N Average N Average N Average
M 29 18.9 52 18 14 17.5 81 23.6
Na+ 29 6659.1 48 5691.4 14 6067.2 80 8156.8
K+ 18 63.7 14 58 6 195.5 16 128.3
Caz+ 29 520.1 48 1032.7 14 513.7 80 716.5
Mg2+ 29 96.1 47 51.5 14 33.6 80 90.5
S04z 28 3.7 45 16.4 14 70.1 76 20.9
Cl- 29 11385.7 48 10569.7 14 9792.1 80 13420.6
HCOs- 29 213.9 48 289.8 13 1013.5 80 1162.2
I- 24 13.1 45 12 11 12.6 55 10.6
Br- 24 50.1 46 49.7 11 449 55 63.3
B- 8 10.3 42 12.5 10 14.4 47 16.3

N o t e. N - number of analyses; M - total salinity (g/L). Concentrations of the main chemical components in mg/L.

[IpuMedaHnue N- KOJUIECTBO aHA/NINU30B; M - o611ast MUHepaausauus (r/). KoHieHTpauuu 0CHOBHBIX XMMUYECKHUX KOMIIOHEHTOB

B MTI/JL
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Achimov shale) show the same Ca-Cl type (according to
the classification of V. Sulin). Their salinity is slightly
lower than that of the Jurassic aquifers in the Urna and
Ust-Tegus fields: ~18 g/L against 23 g/L. Compared to
these waters, those from the Achimov shale contain
much more HCO3 (1,952 mg/L) than the Cenomanian
and Neocomian waters (329.4 and 994.3 mg/L, respec-
tively). The HCO3- contents in the Berriasian-Valangini-
an and Jurassic aquifers are nearly similar (1013.5 and
1162.2 mg/L, respectively).

The similarity/dissimilarity of HCO3- concentrations
in the groundwaters from the Jurassic, Achimov, and
Neocomian strata is hard to trace within individual
structures because the available groundwater analysis
results are quite few and sampling for investigating the
major-ion chemistry is incomplete. However, it should
be noted that the groundwaters in the Tailak license
area are rich in HCOs- in both Jurassic and Berriasian-
Valanginian sediments (1830 and 1293 mg/L in the
samples from wells 171 and 1732, respectively; and
841 mg/L in well 150). The groundwater HCO3 con-
tents are also high (810-830 mg/L) in the Achimov
shale of the Ust-Tegus field, but are lower in both
Jurassic and Achimov strata (366 mg/L and 293 mg/L,
respectively) of the Gustorechensk field (well 3P).

The groundwater HCOz-concentrations, that are lo-
cally high in the Jurassic and Achimov sediments while
decreasing up the section, give evidence suggesting
vertical ascending water flows that occurred, most like-
ly, along the deformed zones.

Comparison of morphotectonic indicators with
groundwater major-ion compositions. The validity
of the above assumption was analyzed by comparing
the morphotectonic features of the depth maps of the
top surfaces of the basement, Bazhenov Formation, and
Neocomian sequence, the groundwater salinity values,
and the major-ion contents. It should be noted that the
experience of studying the tectonic structure of the
earth's crust on the basis of remote sensing data on the
ground surface and, in particular, the details of relief
heights (in digital elevation models) indicates the com-
plexity and ambiguity of this problem, which requires
an integrated research approach.In [Florinsky, 2016;
Jorddn et al, 2005], the curvatures of the bed surface
function are used as one of the reservoir morphotec-
tonic formalized parameters for lineament tracing,
which depend on the second-order directional deriva-
tives. In our study, the value of the second derivative of
the profile along the gradient direction is used as fol-
lows:

__a%s Vs

Cr=52€ = sy (1
as s\ . .
where VS = (5,5) is the gradient of a depth surface

defined by the function of coordinates S(x,y). It should

be noted that possible locations of tectonic zones cor-
respond to the zero value of parameter C..

Using the second derivative of the profile, we com-
pared the pattern of the anomalies in the groundwater
major-ion concentrations to the distribution of surface
features in the depth maps of the surfaces correspon-
ding to reflectors B (Bazhenov Formation) and A (base-
ment), as well as in the map of the Neocomian surface.
The GST software [Sidorov et al, 2005] was used for
calculations.

For the groundwater sampling sites, the values of
parameter Cr were calculated for the depth surfaces of
the Neocomian and basement top surfaces, and com-
pared to the groundwater salinity values and HCOs-
concentrations (Figs. 4 and 5). Parameter Cr is plotted
along the abscissa; the salinity M (g/L) and HCO3" con-
centration values (mg/L) are given along the ordinate.

The maximum salinity and the HCO3- content of the
groundwaters from the Neocomian, Achimov and Ju-
rassic strata are circumscribed to the zone of zero Cr
values calculated for the depth map of the Neocomian
surface (see Fig. 4). Similar calculations based on the
basement depth (see Fig. 4) and the Bazhenov For-
mation surfaces do not show such a pronounced corre-
lation between the profile second derivative Cr and the
groundwater composition. Obviously, this indicates
that high hydrogeochemical indicators are traced at
relatively younger and more active tectonic zones.

Thus, the above-described data analysis shows that
the groundwaters from the Urna and Ust-Tegus fields
and their vicinity are chemically similar and change
monotonously from the Aptian-Cenomanian to Jurassic
strata. The aquifers are reliably isolated by rather thick
clay layers that obstruct downward migration of water,
whereas tectonic processes facilitate ascending water
flows along the zones of faults and fractures.

The studies of geothermal conditions in exploration
wells of the Urna and Ust-Tegus fields also revealed a
number of specific features of the rocks. The tempera-
ture logging of the pre-Jurassic rocks show variations
from 75 °C to 90 °C. However, the temperature of these
rocks does not gradually increase with depth towards
the basement (Fig. 6). The observed temperature pat-
tern may result from the hydraulic connectivity be-
tween the sedimentary reservoirs and fracture zones in
the basement.

4. RESERVOIR PROPERTIES

The heterogeneity of the reservoir properties of the
Urna and Ust-Tegus productive beds is an indirect evi-
dence of the impacts of several major processes on the
hydrodynamic conditions of these fields. In particular,
this is manifested by several local extremes in the fre-
quency distribution (histograms) of the porosity values

017
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and permeability rates (Fig. 7). The data are presented
separately for two lithological types of rocks, sand-
stones and gravelstones.

In the plots, the porosity values of core samples
from reservoir J; in the Urna field show several fre-

quency peaks: ~7 %, 10-12 %, 15-16 %, and 22 %
(Fig. 7, a). The distribution of low porosity values (8 to
15 %) is similar for the two above-mentioned lithologi-
cal types of rocks. The value of 15-16 % estimated for
sandstones is almost twice higher than that for for
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gravelstones. The porosity above 20 % is almost exclu-
sively typical of sandstones.

The permeability rates of J; rocks vary widely, from
0.01 mD to 1000 mD and range from 500 to 1000 mD
in most samples. There is a difference in the distribu-
tion of high permeability rates (above 50 mD) for sand-
stones and gravelstones,while the distribution patterns
of low permeability rates (as well as in the porosity dis-
tribution) are similar.

In general, the above-described distributions of po-
rosity values and permeability rates are indicative of
the sharp heterogeneity of the reservoir properties,
which can be schematically represented as a double-
pore system, including one space characterized by an
average porosity of 15-16 % and permeability of 5-10
mD, and another space with an average porosity of
21-22 % and permeability of 500-1000 md.

Unlike the reservoir properties of the Urna sand-
stone, the porosity values and permeability rates of
core samples from reservoir J, in the Ust-Tegus field
(Fig. 7, b) show distributions with a clearly single fre-
quency peak (with both porosity and permeability in-
creased to a maximum). Open porosity values vary
from 13.5% to 26.6 % and, in most samples, range
from 19 % to 22 %, while permeability rates vary wide-
ly from 1.0 to 1398 mD and amount to 500-1000 mD in
nearly 110 estimates (~50 % estimates).

The analysis of a few samples available to study the
properties of reservoir J3 shows lower porosity values
and permeability rates (Fig. 7, c¢) than those of reser-
voir J,. In most samples, porosity values and permeabi-
lity rates range from 15 % to 19 % and 0.1 to 50 mD,

respectively. Permeability rates are above 500 mD in a
few samples.

In average, porosity (13-21 %) and permeability
(5-10 mD) values of sandstone and siltstone in most
samples from reservoir J4 are almost similar to those in
reservoir J,. (Fig. 7, d) However, in many samples from
reservoir J4, permeability reaches or exceeds 500 mD.

The signatures of reservoir heterogeneity, which are
unexpressed explicitly in the porosity and permeability
histograms, are detected when the two parameters are
juxtaposed (Figs. 8, 9).

The data from the Urna core samples are split into
four subsets (see Fig. 8) with different correlated poro-
sity-permeability patterns depending on the pore sizes
of sediments and clay-cement mineralogy [Shchetinina
et al, 2012]. The Ust-Tegus core samples show two data
subsets with lower and higher porosity and permeabil-
ity ranging, respectively, from 5 to 20 % (average about
15%) and 0.01 to 10 mD in one subset, and from 15 to
25 % and 10 to 1000 mD in the other (see Fig. 8).

In the Urna and Ust-Tegus oil fields, postdepositio-
nal processes, including hydrothermalism, are likely to
control the features of the reservoir properties [Berna-
bé et al, 2003; Morad et al, 2010; Taylor et al, 2010].
This idea is supported by the presence of tuff in wea-
thering profiles of the Urna field [Khasanov et al, 2004]
and tuff breccias in the Ust-Tegus field. The Na-HCO3
major-ion chemistry of groundwaters in the Jurassic
reservoirs of the Ust-Tegus field correlates with the
presence of metamorphic carbonates in the basement.
This correlation is consistent with redistribution of
reservoir properties in the active tectonic zones under
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the effect of CO; fluids that penetrate from below
[Aplonov et al, 2000]. Similar postdepositional pro-
cesses caused notable secondary changes (the permea-
bility rates amount to 2370 mD in several core sam-
ples) to the pore space structure in the Vasyugan For-
mation of the Dvurechensk oil field [Nedolivko et al,
2005].

Thus, the core data show high heterogeneity of the
reservoir rock properties of the two oil fields. However,
it should be noted that the available highly porous and
permeable samples were subject to destruction during
drilling and coring and, for this reason, not quite fully
represent the maxima reservoir properties associated
with micro- and macro-cracks.

The permeability ranges, according to the well pres-
sure transient tests, are 2.13-2818.9 mD (Urna field)
and 2.19-672 mD (Ust-Tegus field) and exceed those
from the laboratory core analysis. A significant diffe-
rence between the laboratory and well-test permeabil-
ity estimates provides additional evidence for the res-
ervoir heterogeneity at both oil fields.

10000.00
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100.00
10.00

1.00

Permeability, mD

0.10

0.00
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Porosity, %

Fig. 8. Permeability vs. porosity variations at different
apparent pore sizes (Urna field) [Shchetinina et al, 2012].

Puc. 8. CooTHOIIEHEe MPOHUIIAEMOCTH U MOPUCTOCTH B
3aBUCHMOCTH OT Kaxyllerocss pasmepa nop (YpHeHcKoe
MecTopoxaeHue) [Shchetinina et al, 2012].

In the frequency histogram (Fig. 10), most of the
permeability rates (17 estimates) determined by the
well tests at the Urna field range from 1000 to 3000
mbD; 13 values are between 500 and 1000 mD. The se-
cond local extremum in the distribution refers to per-
meability values of 10-50 mD. This distribution is ge-
nerally consistent with that from the core analysis
(see Fig. 5), but the peak values are shifted from the
100-500 mD range to that of 1000-3000 mD.

The permeability rates estimated from the well
pressure transient tests data at the Ust-Tegus field are
mostly between 10 and 50 mD (19 values). Statistically
closer to the mean is the extremum in the range from
100 mD to 200 mD, followed by another frequency
peak of permeability rates exceeding 500 mD. This
comparison demonstrates the significant structural he-
terogeneity of the reservoir properties of the Urna and
Ust-Tegus oil fields.

In general, for the Urna field, the core permeability
rates are lower than those determined from the well
pressure transient test data. Obviously, this may be due

Fig. 9. Permeability vs. porosity variations in core samples
from reservoirs J,-4, Ust-Tegus field

Puc. 9. CooTHOIlIeHHe TPOHUIIAEMOCTH U IOPUCTOCTH 06-
pasloB KepHa IJacTOB Jz-4 YCTb-Terycckoro MecTopox-
JleHUs.
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to the presence of highly permeable reservoirs of both
fracture- and pore-types. For the Ust-Tegus productive
rocks, the differences of such a scale in permeability
rates determined from various types of data are rare.

5. COMPARISON OF TECTONIC CONDITIONS AND
PRODUCTIVE ROCK HYDRODYNAMIC PROPERTIES

To assess the relationships between tectonic and
hydrodynamic conditions, tracer methods of reservoir
research are commonly used [Huang et al, 2018; Wu et
al, 2011; Yao et al, 2016]. The results of tracer tests at
the Urna field demonstrate that these relationships are
ambiguous (Fig. 11). Similar results were obtained at
the Ust-Tegus field.

Figure 11 shows the wells directly involved in the
tests. Producers with high contents of the tracer fluid
are shown by yellow circles (3). Yellow cross-circles
show producers with low contents of the tracer fluid
(4). Wells wherein the tracer fluid was absent are
shown in purple (5). The blue diagram (10) illustrates
the predominant directions and amounts of the tracer
fluid input into the producer wells. The figure also
shows stress zones revealed from elevation data (8)
and fractured zones revealed from seismic data (9).

The zones of stress and fracturing are closely
spaced, and many of them are located between the
producer wells (Fig. 11). However, any specific correla-
tion between their positions and the flow patterns be-
tween the wells has not been detected. For instance,
fractured zones (green lines) between injector 1050
and most of the producers do not affect much the mi-
gration of the tracer fluid. It should be noted that all
the wells (except well 103) involved in the above-de-
scribed tests are located within a single block bordered

by stress zones (red lines), wherein no tracer input was
observed.

The tracer contents were high in producers 1221
and 1214, that are separated from the injector by a
stress zone. The connectivity of injector 1222 was poor
with producers 1227 and 1233 and zero with wells
1232 and 1229, even though there are no deformation
zones between these wells.

Numerous tectonic fractures and stress zones have
been detected in the two fields, but their tracing is

fiodl]r [e]2[0]3[e]4[@]5
[ale[2]7 B]8 [X]9 [2]10

Fig. 11. Migration of the tracer fluid from injectors to pro-
ducers: test results (Urna field).

1 - well number; 2-5 - producers; 6-7 - injectors; 8-9 —-zones of
stress and fracturing; 10 - injection directions and amounts of the
injected tracer fluid. See text for explanation.

Puc. 11. Murpanusa Tpaccupyrouiei »UAKOCTA OT HarHe-
TaTeJbHbIX K ZJ0ObIBAIOIIUM CKB)KUHAM: pe3yJbTaThbl UC-
NbITaHUN (YpHEHCKOe MECTOPOXKEHUE).

1 - HOMep CKBaXXMHbI; 2-5 - [oObIBawIlUe CKBaXKUHbI; 6-7 -
HarHeTaTeJbHble CKBAXUHbL; 8-9 - IUHAMUYECKU HaNlpsS)KeHHbIe
30HbI U 30HBI TPEIMHOBATOCTH; 10 - HampaBJjeHUs U 06'bEMbI
bunpTpanUu HHAUMKATOPA.
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Fig. 12. Morphotectonic elements identified in the Urna (a) and Ust’-Tegus (b) fields.

1 - negative elements; 2 - positive elements; 3-4 - boundaries of regional and subregional stress zones.

Puc. 12. BolJiesieHue e TaIM3UPOBAaHHBIX MOPPOCTPYKTYPHBIX 3JIeMEHTOB B Npefiesiax YpHeHcKoro (a) u Ycrb-Terycckoro

(b) mecTopoXaeHUH.

1 - oTpunaTesbHble MOPHOCTPYKTYPHBIE 3JIEMEHTHI; 2 — MOJIOXKUTEbHbIE MOPYOCTPYKTYPHBIE 3JIEMEHTHI; 3-4 — rpaHHIlbl pErMOHA/b-

HbIX U Cy6peI‘I/IOHaJIbeIX 30H Hal'lpﬂ)KeHHﬁ.

challenging, which makes it difficult to analyze the spa-
tial patterns of the reservoir properties. Thus, in order
to study a correlation between tectonic conditions and
reservoir properties, it is required to apply other ap-
proaches, in addition to the conventional methods.

This task can be addressed by the morphotectonic
analysis of depth maps constructed on the basis of re-
flection surfaces, using the curvature of normal plane
section in gradient direction (profile curvature C;, see
above). However, rather than searching for lineaments
or other boundaries, the proposed approach is focused
on dividing the territory into elements, that are shifted
vertically relative to each other and comprise the con-
tinuous zones of positive and negative C. values, and
transitional zones (‘slope breaks’) that can be easily
identified along their boundaries.

We have applied the above-described approach
(Fig. 12) using the depth map of the pre-Jurassic base-
ment surface (see Fig. 3). In our model, we analyzed
the clay contents and permeability rates estimated
from the well test data on more than 100 production
wells located in different morphotectonic elements
(Table 4).

Despite the fact that the yielded difference between
the considered parameters is not very reliable statisti-
cally (in most estimates, the confidence level is below
95 %), the analysis results reveal some patterns. The

most spectacular one is a stable change in the average
permeability rates estimated from the well pressure
transient tests: lowest for positive C,, high for negative
Cr, and the highest for slope breaks, in both oil fields
(Table 4). The clay contents, on the contrary, are the
lowest at the slope breaks and the highest at the posi-
tive slope convexity. Such a correlation between the
permeability rates and clay contents appears quite rea-
sonable and supports a correlation between the reser-
voir properties of the Jurassic sediments in the Urna
and Ust-Tegus oil fields and the locations of positive
and negative morphotectonic elements.

Certainly, having analyzed only one basement depth
map, it is hard to expect obtaining fundamentally new
results that could clarify an interplay between geody-
namic factors and reservoir properties Nevertheless,
our study demonstrates that the use of additional
quantifiable parameters characterizing the structure of
deep surfaces is a promising approach to studying oil
and gas fields.

6. CONCLUSIONS
The effect of geodynamic factors on the structure

and properties of reservoir rocks has been revealed in
our study of the Urna and Ust-Tegus oil fields in West
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T able 4.Permeability rates and clay contents in the morphotectonic elements of the Urna and Ust-Tegus oil fields

Ta6banu 1 a 4. CraTUCTUYECKHUe XAPaAKTEepPUCTHKH 3HaYeHUH NPOHUIAEMOCTH U IN/THHUCTOCTH OTJIOXKEHUH

Morphotectonic element 0il field Average Minimum Maximum Standard deviation
Permeability (well tests), mD
+ Urna 643.8 2.13 2790 737.4
- 841.1 20.5 2818.9 791.5
B 923 4.89 1540 866.7
+ Ust-Tegus 148.2 293 615 149.8
- 241.4 2.19 643.5 206.3
472.1 284 657.8 186.9
Clay content, u.f.
+ Urna 0.1 0.02 0.49 0.086
- 0.08 0 0.27 0.061
B 0.06 0.01 0.11 0.046
+ Ust-Tegus 0.15 0 0.46 0.126
- 0.11 0 0.54 0.124
B 0.07 0 0.33 0.103

N o t e. Symbols + and - refer to the data on elements with positive and negative profile curvature C:, respectively; B - data on slope breaks.

[Ipu™MedaHnue CUMBOJBI + U - YKa3blBAIOT HA JJaHHbIE 00 3JIEMEHTAaX C NOJIOXKUTEJIbHOW U OTPULIATEIbHON KpUBU3HOU npodus Cr,

COOTBETCTBEHHO; B - AaHHbIE 06 YKJIOHaX.

Siberia. This effect is evident yet ambiguous, which
poses problems to its investigation and requires im-
provements to the analysis and interpretation of the
available geological survey and exploration data.

Strong tectonic processes, accompanied by periodic
magma intrusions, produced numerous fractures and
faults in the Jurassic sediments, which act as conduits
for groundwater flows, and thus led to the hydrother-
mal alteration of rocks and changes in the pore space.
These processes are reflected in the modern hydrogeo-
chemical and geothermal conditions of the Jurassic-
Cretaceous reservoirs at the Urna and Ust-Tegus oil
fields and their vicinity. This is evidenced by the regu-
larities of changes in the chemical compositions of the
groundwaters, the maximum values of mineralization
and the contents of bicarbonate-ion in the areas with
characteristic morphotectonic features of the aquifers,
as well as by the lacking trend of an increase in the se-
diment temperature with depth.

The reservoir properties of the two fields are signif-
icantly heterogeneous due to the combined impacts of
tectonic, magmatic, and hydrothermal processes, which
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