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The paper examines the results of long-term monitoring studies of the chemical
composition of mineralized groundwater of the Aptian-Albian-Cenomanian
aquifer complex at the Taylakovskoye oil field in Western Siberia. The
groundwater of this complex is subject to technogenic load due to its use to
maintain reservoir pressure in deposits, as well as due to the discharge of water
produced with oil into the complex. The purpose of the study is to control the
geochemical state of formation waters of the Aptian-Albian-Cenomanian
aquifer complex. Research methods included assessment of natural geological
and hydrogeological conditions and analysis of the stability of geochemical
parameters of groundwater. The results of monitoring the composition of
groundwater confirm the stability of the hydrochemical regime of groundwater
in the Aptian-Albian-Cenomanian complex. There are no significant changes
in the chemical composition, ratios of the main salt-forming components and
other indicators.

© 2026 Published by Faculty of Engineering

1. INTRODUCTION

issues of utilization and extraction of technical
groundwater. Researchers have repeatedly emphasized
the need to control the hydrogeochemical state of the

The issues of utilization of excess produced water and
extraction of groundwater to maintain reservoir pressure
in oil deposits have been relevant for the West Siberian
region for the last several decades. The Aptian-Albian-
Cenomanian aquifer complex (AAC AC) is the main
target object for solving these problems in the region. It
is characterized by the most suitable: filtration-capacitive
properties, depth of occurrence, significant resources,
protection from above- and below-lying complexes,
which predetermined its widespread use for solving
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AAS of the VC, as the main reservoir for water
production and disposal (Abukova et al., 2013;
Abdrashitova & Salnikova, 2021).

Monitoring of the geological environment, including
hydrogeochemical monitoring of groundwater, is
mandatory when disposing of produced water into an
absorbing horizon. In the world practice of monitoring
the state of groundwater, quite a lot of forecasting
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methods have been tested, which make it possible to
respond to changes in the balance of the natural
hydrogeochemical environment with the least amount of
time, thereby minimizing the consequences of oil and gas
production (Besser et al., 2019; Broers & van der Grift,
2004; Everett et al., 2020; Lindsey et al., 2023). In this
case, special attention is paid to the issues of predicting
the hydrogeochemical situation of both aquifer
complexes and horizons from which oil and water are
extracted or associated water is pumped.

The topic of predicting the identification of trends in
changes in individual parameters of the state of the
subsoil during oil and gas production and other
technological processes has been widely covered (Birkle
et al, 2006; Daughney & Reeves, 2005; Salnikova,
2021). Researchers propose using various forecasting
and management methods that have been successfully
tested in different hydrogeological conditions (Rafik et
al., 2021; Wasteby et al., 2014; Yang et al., 2016; Zhang
et al., 2021), including geospatial, hydrogeochemical
modeling and modeling of processes in the water-rock
system (Marques et al., 2021; Wade et al., 2018). For the
deposits of the West Siberian region, the described
methods are currently practically not used. This is
explained by the good reservoir properties of the AAC
AC, its almost complete compliance with the
requirements for both absorption horizons and horizons
— water sources for reservoir pressure maintenance. But
despite this, isolated cases of pollution moving through
the annulus, due to the rather high deterioration of the
well stock in Western Siberia, are recorded. A particular
danger is the ingress of mineralized water contaminated
with petroleum products into horizons containing
drinking water, valuable for the organization of water
supply, located above the AAC AC. Thus, despite the
limited information provided by subsoil users on the
hydrogeochemical state of the AAC AC in accordance
with regulatory documents, its control and detailed
analysis is necessary.

The purpose of the study is to analyze the results of
monitoring the geochemical state of the Aptian-Albian-
Cenomanian aquifer complex.

The organization of monitoring at the Taylakovskoye oil
field in the Surgut region in Western Siberia is associated
with the injection of produced water separated from oil
into the specified complex, as well as the extraction of
groundwater to maintain reservoir pressure in oil
deposits. To date, the accumulated volume of
groundwater production to maintain reservoir pressure
has amounted to more than 55 million m® of groundwater,
and the accumulated volume of injection into the AAC
AC is more than 45 million mé. Thus, for more than 17
years of groundwater extraction and more than 8 years of
placement of associated water in reservoir layers, this
complex has experienced significant technogenic impact.
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Presumably, at present, the natural geochemical balance
of the AAC AC is preserved. Maintaining balance is
ensured by the natural geological and hydrogeological
features of the complex.

To test the validity of the proposed hypothesis, it is
necessary to solve the following tasks:

1. Assessment of the natural geologic and
hydrogeologic conditions of the AAC AC based
on the results of monitoring studies for the
period from 2006 to 2023.

2. Stability analysis of AAC AC groundwater
hydrogeochemical indicators based on the
results of monitoring studies.

3. Assessment of the stability of hydrogeochemical
parameters of the Oligocene-Quaternary AC
containing drinking water and occurring above
the target complex.

The above tasks represent the structural subheadings
used in the Methods, Results, and Discussion sections.

2. MATERIALS AND METHODS

2.1 Features of geological, hydrogeological, and
geotemperature conditions at oil fields

The Taylakovskoye field is administratively located in
the southern part of the Surgut District, Khanty-Mansi
Autonomous Area — Yugra, Tyumen Region, Russia.

The field section and the entire West Siberian megabasin
contain three hydrogeological basins (Abdrashitova &
Kadyrov, 2022; Abdrashitova & Salnikova, 2021):
Cenozoic, Mesozoic, and Paleozoic. The AAC AC,
which contains a vast resource potential of mineralized
groundwater, belongs to the Mesozoic basin (K; al,+K;
cm, K; ali, Kjap) and is the most exposed in area and
section among the Mesozoic sedimentary cover deposits
(Figure 1). This AC is confined to the Pokur Formation
sediments in the study area. The thickness of the complex
within the studied area is about 700 m. Clay-siltstone
sediments of the Upper Alyma subformation with a
thickness of about 90-100 m serves as the underlying
aquifer.

The water-saturated rocks are characterized by thickness
stability and possess high filtration-capacitance
properties; within the limits of the X field, porosity
according to geophysical well survey data makes 27.4%,
permeability — 334.8:10% um?, and average effective
thickness — 475.4 meters.

The waters of the complex are high-pressure; the
piezometric surface smoothly decreases from the
mountainous folded frames of the basin to the center, and
further to the north, to the Kara Sea (supposed discharge
area) and in the territory under consideration in natural
(undisturbed by exploitation) conditions was controlled
by absolute marks +110++100 meters.
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Figure 1. Principal geological section of the studied
interval of the sedimentary cover of the Taylakovskoye

In the section on Mesozoic sediments of the basin, the
water availability of the Apt-Cenomanian sediments is
the highest. When exploratory wells are tested, flow rates
at overflow reach the first tens to hundreds of m*/day up
to 430.0 m/day as a part of mixed inflow.

The hydrochemical situation of the AAC AC in the area
is stable, corresponds to regional regularities, and is
characterized by a high degree of study.

Analytical data from a large number of samples (over
650) collected over a long period from 2006 through
2022 were considered in describing the chemical
composition of groundwater. The groundwater
composition of the AAC AC reservoirs is presented in
Table 1.

According to Sulin’s classification, water is sodium
chloride by composition, chloride-calcium type.
Mineralization values range from 14.3 to 22.8 g/dm?®. The
rNa/rCl metamorphization ratio mainly varies from 0.72
to 0.97. The hydrogen value (pH) ranges from 5.4 to 8.5.
The density of the waters is 1.006-1.024 g/cm?.

The composition of the water-dissolved gas is methane.
Methane content — up to 95.89 vol%.

According to regional data, the gas saturation of waters
in the described area is about 1.0-1.5 m3/m?.

The listed characteristics are typical for the entire AAC
AC of Western Siberia.

field
Table 1. Main physical and chemical characteristics of AAC AC reservoir waters at the Taylakovskoye field (based on
2006-2022).
Number of pH | M, g/dm?, Macro components, Micro-components, rNa
samples/wells | min | min max min/max/average, min/max/average, rCl
max | average g/dm® g/dm® min/max
Na*+K* | Ca** | Mg®* | NHs* [ SO | CI | COs* | | Br Fe
675 54 143 4743 | 261 | 24 | 6.0 0 |810| 0 2.1 156 | 0.2 0.72
44 8.5 22.8 8234 | 1202 | 572 | 43 3.0 |13,826] 90 | 26,5 | 84.0 |49.0 0.97
18.6 6486 495 | 174 22 11,252

The Taylakovskoye field has two main structural and
tectonic stages in its section — the Paleozoic basement
and the Mesozoic-Cenozoic sedimentary cover.

It is not excluded that the intermediate structural level,
which  represents  volcanogenic-terrigenous  and
carbonate rocks of the Permo-Triassic age filling the
riftogenesis zones in the most depressed parts of Western
Siberia, presumably exists to the east of the
Taylakovskoye field area within the Chekinsky trough
and possibly even in some localized submerged zones of
the site. This is confirmed by the stock materials of
seismic exploration and drilling materials. The core of
the Taylakovskoye field contains limestones of pre-

Jurassic age and variegated tuffs with inclusions of
volcanogenic material.

Regarding tectonic zoning, the studied area is located
within the Nyurol-Yugansk geoblock on the southern
side of the Yugansk megatrough, complicated by several
blocks.

Within the license area, there are several local structures
of smaller order — Taylakovskoye uplift (2), Luninskoye
uplift (1), South-Taylakovskoye uplift (5), East-
Taylakovskoye uplift group (3), Yakkun-Yakh uplift (4),
West-Yutymsk uplift (6) and also parts of the northern
pericline of the Gravyanoye uplift (9), western pericline
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of the North-Yutymsk structure (7), and eastern pericline
of the Gustorechnoye uplift (8) (Figure 2). The
morphology of the structural framework of the studied
area is complex and highly contrasting. A large number
of linear structural elements characterizes the structural
plan of the X field.

At the X field, the geotemperature study of the subsurface
is mainly confined to productive strata (54 temperature
measurements). The temperature of rocks in the interval
of productive Jurassic sediments is +80.4-+85.1°C,
Achimov deposits — +77.3 + 78.4 °C.

Regionally, the Taylakovskoye field is located in a zone
of reduced values of the deep heat flux limited by 58
mW/m? isolines. For the five exploration wells, the
calculated value of the parameter is 51.3-56.4 mW/m?,
with the parameter decreasing from the periphery to the
center of the site.

In the overlying bed of the Pokur Formation, the
temperature of rocks decreases from east to west, and
within the license area is +34.2+36.8 °C. In the overlying
bed of the Alym Formation, temperatures increase from
southeast to northwest. The formation temperatures
within the license area are +52.3+58.9 °C.

Figure 2. Structural map of the reflecting horizon A

Thus, in the upper part of the Apt-Alb-Cenomanian
complex, groundwater and water-bearing sediment
temperatures are influenced by climatic (centers of
latitudinal zonality) and depth factors. In the bottom
section of the complex, predominantly structural and
depth factors are involved in the temperature distribution.

Changes in the geotemperature regime of the Apt-
Cenomanian sediments of the study area may be caused
by the injection of fluids with temperatures significantly
different from the reservoir temperature of the Apt-
Cenomanian sediments.
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2.2 Characteristics of injected produced waters

Currently, the water injected in the Taylakovskoye field
area is produced during the development of the oil-
productive Jurassic sediments.

The chemical composition of productive strata water in
the studied field is sodium chloride (according to
Shchukarev). According to Sulin’s classification, the
water type is chloride-calcium or hydrocarbonate-
sodium.

The study area’s reservoir water of Jurassic sediments
was characterized by eight samples taken during
exploration drilling. Regarding mineralization, waters
belong to the group of strongly saline waters (15.8-24.7
g/dm®); total hardness varies from 12.5 to 36.0 mg-
eg/dm3. The waters are slightly alkaline, the values of the
hydrogen index are pH=7.6-8.4. Sulfates are absent in
most samples; the maximum sulfate ion content is 0.4
mg-eq/dm?®; carbonates were detected in two samples (2.4
mg-eq/dm?). The microcomponent composition is
represented by iodine, bromine, boron, and fluorine.

The waters have a sodium chloride chemical
composition. According to the classification of Sulin,
waters are of chloride-calcium type, very hard, total
hardness is 10.0-69.0 mg-eq/dm?; they belong to the
saline group; mineralization values are 13.5-29.0 g/dm?,
hydrogen index pH=6.0-7.8. The waters are mainly free
of sulfate and carbonate; the amount of hydrogen
carbonate is 3.0-36.0 mg-eq/dm?®.

The conducted studies show that the quality of associated
waters in 2021 meets the norms of the industry standard
in several limiting indicators:
e by hydrogen index (pH=6.7—7.4);
e by hydrogen sulfide content (below the
sensitivity limit of the methodology);
e by oxygen content (0.3 mg/dm3).

Numerous studies (Ganiyu et al., 2023; Ullattumpoyil,
2023) testify to the importance of controlling the
chemical composition of injected water, even if it is close
to the composition of the AAC AC.

2.3 Geological and hydrogeological features of
the Oligocene-Quaternary aquifer complex
containing fresh groundwater

This paper considers the Oligocene-Quaternary AC
containing fresh groundwater since it lies above the target
absorbing AAC AC, and, theoretically, injection of
produced water (water produced in conjunction with oil)
can harm the stability of hydrogeochemical conditions of
this complex. This can be caused by overflows and
ingress of process fluids, mineralized injected water into
the AC through the annulus, and contamination of the
complex from above at any failures in the operation of
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injection ranges (Abukova et al., 2013; Abukova et al.,
2015; Bespalova, 2015).

The Oligocene-Quaternary AC has a total thickness of
about 200 m. Water availability of the horizons is high,
well flow rates vary from 1.03 to 3.98 I/s at depressions
from 2.2 to 31.7 meters.

By chemical type, the waters are hydrocarbonate and
chloride-hydrocarbonate ~ of  different  cationic
compositions. The mineralization value is 0.2-0.8 g/dm?.
The active water reaction is neutral (pH=6.3-7.8).

The Oligocene-Quaternary AC is the main target for the
entire West Siberian region’s drinking, domestic, and
technological water supply. The complex contains
enormous reserves of fresh groundwater, which, by most
indicators, meets the requirements of sanitary and
hygienic norms. Exceptions are most often the content of
iron, manganese, and silicon, as well as such organoleptic
indicators as color and turbidity, which is a consequence
of natural hydrogeochemical features of the Paleogene
system of the West Siberian megabasin.

2.4 Theoretical foundations

Supporting the operation of virtually any oil field and
related processes, such as the injection of produced
water, is a complex and interdisciplinary task.
Compilation of comprehensive reservoir characterization
and extensive consideration of geological and
hydrogeological conditions is a prerequisite for
accurately assessing porous medium properties, which
directly impact flow characteristics (Bespalova, 2015;
Fetter, 2001; T6th, 2009).

According to the requirements of normative documents
from the point of view of the analysis of geological and
hydrogeological conditions, it is considered that
underground waters of the absorbing horizon, both at the
time of its selection and in the foreseeable future in the
area of the injection site of produced water (associated
with oil) should be used neither for household, drinking,
medical and industrial purposes, nor for heat and power
supply (Figure 3). Water injection should also not
adversely affect gas and oil reservoirs confined to the
horizon. The absorption horizon must be reliably isolated
from the above- and below-ground horizons whose
groundwater is used or is expected to be used in the
national economy. Its isolating aquifers should be
practically impermeable to injected water and not be
destroyed under the latter’s influence. The absorption
horizon must have a high capacity, filtration, and
favorable physical and chemical properties to provide the
required injectivity of the horizon at technically
acceptable injection pressures. Also, injectivity should
not be significantly reduced by the interaction of injected
effluent with the rocks and AAC AC of the horizon. Here,
only the most basic requirements for the absorbing
horizon are mentioned. They are discussed in more detail

in the published literature (Nelson & Heo, 2020) and
normative documents used by subsoil users. Technogenic
transformation during water injection is often associated
with processes of elasticity drop of productive strata and
aquifers. In addition to filtration processes, capillary
pressures confined to productive strata under
anthropogenic influence (RPM system, injection of
excess produced water, etc.) have a significant impact.
Therefore, monitoring these parameters when selecting
and using an absorbing horizon is crucial.

Basic requirements for absorbing and overlying absorbing horizons

} )

Impermeable horizons
overlying an absorbing horizon

Absorbing horizon

- isolated from above- and

: - practically impermeable
below-lying horizons; i
i

to utilized waters;

- does not affect hydrocarbon - do not collapse under pressure
deposits if they are contained ) of discharge of utilized waters; i
in an absorbing horizon; : i !
- have a sufficient thickness for the
impossibility of overflows of utilized

- has high rates of filtration-capacitive :
properties and consequently i waters into the overlying
high injectivity; ! i and underlying horizons.
____________________________________
- horizon waters are not currently
used for water consumption for
any purpose, nor are they planned |

to be used in the future. 1
[ N P 1

Figure 3. Basic requirements for absorbing and
overlying horizons

Water samples are transferred for subsequent laboratory
tests, the performance of which is envisaged by
specialized laboratories according to time standards
having appropriate  accreditation certificates to
characterize groundwater quality.

The normative document regulating the physical and
chemical parameters of injected associated water and
water used for own production and technological needs
is OST 39-225-88, “Water for waterflooding of oil
reservoirs. Quality requirements” (Table 2).

The main requirement of the industry standard is control
of reservoir filtration characteristics and well injectivity,
which can be reduced by no more than 20% from the start
of injection. If this is not the case, appropriate water
treatment measures must be carried out, considering the
requirements of the standard. The relative error of the
method is 15%. Various reasons can lead to a decrease in
well injectivity. For example, the joint presence of
hydrogen sulfide and trivalent iron ions in water under
certain conditions can lead to the formation of iron
sulfide — insoluble salt and, consequently, increase the
content of mechanical impurities in injected water. The
inflow of injected water into the absorbing formation can
cause an increase in the swelling of clay minerals in the
reservoir formation. The swelling intensity depends on
the mineralization of the injected water; it increases with
its decrease. At injection of waters with mineralization
lower than mineralization of absorbing formation waters,
swelling is not predicted if the content of divalent cations
(Mg?* and Ca?*) to the total sum of cations in injected
waters is higher than in absorbing formation waters.
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When solving the issues of water injection with lower
mineralization than AAC AC to maintain reservoir
pressure, similar problems arise, the developed solutions
of which can be applied to the injection of surplus
produced water (Pavlyukov & Salnikova, 2021).

It is also obligatory to monitor the macrocomponent
composition of produced water after its preparation for
injection (Abukova et al., 2013; Abukova et al., 2015;
Mulyak, 2008).

Table 2. List of physical and chemical parameters
monitored in injected fluids.

IIEJEOT Indicators
1 Hydrogen index (pH)
2 Dissolved oxygen
According 3 Hydrogen sulfide
to OST 4 Trivalent iron
39-225-88 5 Mechanical impurities (suspended
substances)
6 Petroleum products
7 Mineralization (dry residue)
8 Density (specific gravity)
9 Sodium, Na*
10 Potassium, K*
11 Calcium, Ca%
Common -
12 Magnesium, Mg?*
13 Bicarbonate ion, HCOs-
14 Carbonate ion, CO3 >
15 Sulfate ion, SO
16 Chloride ion, CI

2.5 Research methods

Assessment of natural geological and hydrogeological
conditions consists of analysis of compliance of Apt-Alb-
Cenomanian sediments, being the absorbing horizon,
with the requirements of normative documents on the
absorbing horizon selection briefly stated in item 3.1. The
results of geophysical surveys of wells and hydraulic
listening carried out within the subsoil area were used to
assess the capacitance and filtration properties.

To solve the study problem of analyzing the stability of
hydrogeochemical indicators of AAC AC groundwater,
the results of chemical analyses of the absorption horizon
from 2006 to the present were involved. Record of
changes in the time of mineralization of the AAC AC,
concentrations of main macrocomponents,
microcomponents, hydrogen index, and specific gravity
of groundwater allow judging the presence of
transformation of the hydrogeochemical field of the
absorbing horizon. The values of such parameters as
hydrogen pH, specific gravity, mineralization, total
hardness, concentrations of sodium+potassium ions,
magnesium, calcium, chloride, sulfate, hydrogen
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carbonate, carbonate, iodine, bromine, and iron were
analyzed and systematized.

Chemical analyzes of groundwater were performed in an
accredited laboratory of Institute of Petroleum Geology
and Geophysics. A.A. Trofimuk, Siberian Branch of the
Russian Academy of Sciences, West Siberian Branch
(Figure 4).

Figure 4. Chemical studies of groundwater samples

Fresh groundwater of the Oligocene-Quaternary AC is
separated from the absorbing horizon by a thick thickness
of siliceous-clayey rocks of Turonian-Eocene age (750
m), delimiting the Cenozoic and Mesozoic
hydrogeological basins. Vertical migration of injected
substances through such a rock stratum is practically
excluded, but despite certain natural protection of the
complex, it is necessary to strictly control the quality
indicators of fresh groundwater of the complex within the
influence of injection sites of produced water. The
necessity of control of overlying horizons in areas of
hydrocarbon field development is pointed out by many
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authors (Davis et al., 2018; Fan et al., 2023; Li et al.,
2019; Rizzo et al., 2023; Stanton et al., 2023), as cases of
the negative impact of overlying horizons on fresh
drinking water are actively occurring (Rosecrans et al.,
2021; Wright et al., 2019). Many studies show that the
waters of drinking freshwater and productive horizons
represent a single hydrodynamic system, which can be
intensified under active oil and gas production (Abdul,
1988; Fang et al., 2022; Hildenbrand et al., 2016; Jia et
al., 2022; Kresse et al., 2014; Li et al, 2017;
Amirabdollahian & Datta, 2013; Mayer et al., 2015;
McMahon et al., 2023; Wen et al., 2019).

In the process of the study, the behavior in time of such
indicators of fresh groundwater quality of the Oligocene-
Quaternary AC as mineralization, dry residue, total
hardness, content of oil products, phenolic index,
concentration of anionic surface-active substances
(ASAS), and chlorides (for the period before the start of
pumping and during the pumping period) was analyzed.
The listed indicators are the main indicators marking
technological pollution of fresh groundwater or possible
entry of mineralized water into the AC containing fresh
groundwater. The stability of the hydrogeochemical
setting of this AC was further evaluated.

3. RESULTS AND DISCUSSION

3.1. Assessment of natural geological and
hydrogeological conditions of the AAC AC
within the Taylakovskoye field

The natural geologic and hydrogeologic conditions of the
AAC AC of the field are simple and meet the
requirements for absorbing horizons:

1. The AAC AC is reliably isolated from the
overlying fresh groundwater by the Turonian-
Eocene regional aquifer (Kyt-d) with a
thickness, as mentioned above, of more than 750
m and from the underlying Neocomian AC by
predominantly clayey sediments of the Lower
Aptian aquifer with a thickness of about 100 m.

2. According to geophysical well tests, the
porosity is 27.4%, the permeability (Kp) is
334.8-10° um?, and the average effective
capacity is 475.4 m. Thus, filtration-capacitance
characteristics of the AAC AC provide the
necessary injectivity for the injection of
backwaters  (associated with oil) after
appropriate treatment.

3.2. Stability analysis of hydrogeochemical
indicators of AAC AC groundwater based
on the results of monitoring studies

On the territory of the X field, the groundwater properties
of the Apt-Alb-Cenomanian complex were studied based
on the results of 675 conditioned samples taken from
2006 to 2022.

The reliability of the results of groundwater sample
studies was checked according to the standard
methodology (correspondence of the sum of anions and
cations in equivalent form, absence of exceedance of
indicators marking impurity of drilling muds, etc.). Based
on the chemical analyses of AAC AC groundwater
control samples, two observation periods were identified:
2006-2014 and 2015-2022 (Table 3).

Table 3. Results of monitoring observations for indicators of chemical composition and groundwater properties of AAC

AC groundwater.

Years of field operation
Indicator 2006-2014 2015-2022
Minimum-maximum Average Minimum-maximum Average
Hydrogen pH index, pH units 5.0-9.1 7.4 4.0-8.3 6.7
Specific gravity, g/cm?® 1.000-1.020 1.012 1.008-1.024 1.012
Mineralization, g/dm? 14.3-22.3 18.7 14.6-22.8 18.6
Total hardness, mg-eq/dm?® 21.9-54.6 38.3 20.0-94.0 39.5
Macro components
Sodium+ potassium, Na**K*, mg/dm? 4853.0-7917.0 6523.0 4743.0-8234.0 6461.0
Magnesium Mgz*, mg/dm? 24.0-312.0 164.0 37.0-572.0 181.0
Calcium Caz*, mg/dm® 275.0-701.0 497.0 261.0-1202.0 493.0
Chlorides CI-, mg/dm?® 8510.0-13,471.0 11312.0 8863.0-13,826.0 11,212.0
Sulfates SO4%, mg/dm? 0-9.0 45 0-24.0 12.0
HCOCzPicarbonates mg/dm? 73.0-706.0 220.0 3.0-964.0 249.0
Carbonates CO3*, mg/dm? 0-90.0 45.0 0-5.0 45
Micro-components
lodine, mg/dm? 2.1-17.0 10.2 2.1-26.5 16.6
Bromine, mg/dm?® 15.6-61.2 44.7 22.5-84.0 50.4
Iron, mg/dm3 0-99.0 54.5 0-33.5 2.3

223



Salnikova et al., Results of geochemical condition monitoring at an oil field in the central part of Western Siberia

For each observation period, the average values of
chemical composition indices, including hydrogen index,
specific gravity, mineralization, total hardness, macro-
and micro components, were calculated.

According to the average mineralization values for the
periods 2006-2014 and 2015-2022, the distribution
maps of this parameter were constructed (Figure 5).
According to the data of monitoring observations since
the beginning of the injection of associated waters,
mineralization of the absorption horizon, as one of the
main complex composition indicators, remains in the
same range of 14.6—-22.8 g/dm?®, corresponding to the data
up to 2015.

?\

Legeng
Groundwater mineralization value, g/dm3:
1
cluster, number; 16-18
15
well, number; 18-20
isoline; 20-22

license area boundary.

Figure 5. Diagram-chart of distribution of AAC AC
groundwater mineralization values averaged over 2006—
2014 (a) and 2015-2022 (b)

The analysis of changes in the concentrations of the
represented  components  indicates  that  the
hydrogeochemical stability of the absorbing horizon is
currently preserved. Of course, it should be borne in mind
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that the analyses for such a long period of observation
were carried out by different laboratories, on various
instruments, and using multiple methods, but the primary
trend of preservation of hydrogeochemical stability and
natural hydrogeochemical balance, in the authors’
opinion, is expressed clearly enough.

3.3. Assessment of the stability of
hydrogeochemical indicators of the
Oligocene-Quaternary AC

The groundwater of the Oligocene-Quaternary AC is
used for drinking and fire prevention water supply in the
field.

The water quality analysis is based on the results of
chemical tests for 2006-2022.

Groundwater of the Oligocene-Quaternary AC is
hydrocarbonate sodium, with mineralization 0.317-
0.661 g/dm?; dry solids 231.0-690.8 mg/dm?; hydrogen
index from slightly acidic to slightly alkaline pH=5.6—
8.3; mostly soft according to Alekin, total hardness from
1.7 to 3.3 mg-eq/dm?, iron was determined in the amount
from less than 0.05 to 9.5 mg/dm? (Table 4)

Fluctuations of mineralization (dry residue) and total
hardness values in the observation well are single and
unrelated to the influence of the associated water
injection site. No significant changes in the content and
ratio of the primary salt-forming ions are observed
according to the analysis data for 2011-2022.

The content of anthropogenic indicators in fresh
groundwater does not exceed the norm and corresponds
to the general hydrogeochemical background of the work
area.

The concentration of phenols in the 2022 control samples
is 0.0009-0.0011 mg/dm®, which does not exceed the
norms of SanPiN 2.1.4.1074-01.

Petroleum products were determined at 0.016-0.059
mg/dm? within the 0.1 mg/dm® norm.

The content of anionic surfactants (ASAS) is less than
0.025 mg/dm?.

Chlorides are present in fresh groundwater at 31.1-112.0
mg/dm®, which does not exceed MPC SanPiN
2.1.4.1074-01 (350 mg/dmd).

The formation of indicators exceeding the maximum
permissible concentrations, such as acidity and iron,
occurs as a result of natural geochemical processes
inherent to the conditions of the Oligocene-Quaternary
AC of the West Siberian artesian basin and are
characteristic of the territory of Western Siberia.
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Table 4. Content of some indicators in fresh groundwater of the Oligocene-Quaternary AC in the Taylakovskoye field.

. before injection during injection
Indicators Unit of meas. SanPiN %)'11'4'1074' 2006-2014, 18 samples 2015-2022, 22 samples
Limits of values
Hydrogen index Unit pH 6.0-9.0 5.9-8.3 5.6-7.7
Total stiffness, calculation mg-eqg/dm? 7.0 1.9-3.3 1.7-2.6
Mineralization g/dm? 1000 0.395-0.662 0.317-0.577
Perm. oxidizability mg/dm? 5.0 1.8-10.5 2.7-10.5
Petroleum products mg/dm? 0.1 <0.005-0.17 <0.005-0.08
Phenols mg/dm? 0.25 <0.001-0.01- <0.0005-0.01
Anionic surfactants mg/dm? 0.5 0.01-0.12 <0.025-0.055
Sodium+Potassium mg/dm? 200.0 108.9-157.2 103.0-149.8
Calcium mg/dm? — 8.4-21.0 18.4-22.4
Magnesium mg/dm? — 12.0-16.7 8.6-17.4
Ammonium mg/dm? 2.0 0.3-4.4 0.3-6.7
Chlorides mg/dm?3 350.0 11.0-115.0 31.1-165.0
Sulfates mg/dm? 500.0 0.7-9.5 <0.5-2.7
Bicarbonates mg/dm? — 305.0-344.8 311.0-342.0
Carbonates mg/dm?3 — sed.—<8.0 <2.0-<6.0
Nitrates mg/dm? 45.0 sed— 1.4 <0.1-38.8
Nitrites mg/dm? 3.0 sed.—0.02 <0.0098-<0.2
Phosphates mg/dm? - 0.5-4.3 15-4.1
Common iron mg/dm? 0.3 <0.05-9.5 0.2-6.0

4. CONCLUSION

The natural geological and hydrogeological conditions of
the AAC AC within the study field correspond to the
regional features of the West Siberian megabasin. The
AAC AC is the most suitable in terms of the amount of
resources, protection, filtration and capacitance
properties for the extraction of groundwater in order to
maintain reservoir pressure during oil production and for
the placement of excess produced water.

Analysis of changes in the values of hydrogeochemical
indicators of AAC groundwater on average values of
mineralization, pH, specific gravity, total hardness,
macro-, and micro components for 2 periods 2006-2014
(before the reservoir pressure maintenance system starts
operating) and 2015-2023 (from the beginning of
operation of the reservoir pressure maintenance system)
according to the results of laboratory analyses of 675
conditioned samples showed the preservation of the
stability of the hydrogeochemical situation of the AAC
AC.

Assessment of changes in hydrogeochemical parameters
of the Oligocene-Quaternary AC containing drinking
water and occurring above the target AAC AC for the
periods 2006-2014 (18 samples) and 2015-2022 (22
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