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The analysis of the geological structure of aquifer layers made it possible to solve two important tasks:
(1) determination of the aquifer system and groundwater flow, (2) assessment of the well efficiency of existing
productive wells. The resulting solution was based on three-dimensional modeling using borehole geophysical
data and the involvement of comprehensive information on the development of water resources. The result
was new knowledge about the studied aquifer system in its geophysical, geological and field context. It consists
in determining: the static water depth and the direction of the main flow, the structure of the aquifer with
the distribution of aquifer layers and aquitard layers, basement rocks, as well as the well efficiency and the
aquifer loss coefficients. These measures make it possible to increase the well efficiency and managing the
process of pumping water from existing wells, as well as to optimize the drilling of new wells in the area under
consideration.

Keywords: 3D modeling, structure of groundwater aquifer layers, well logging data, efficiency of wells
and development of water resources.
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BbINONHEHHbIM aHa/IM3 reo0rMYeckoi CTPYKTYPbl BOAOHOCHbIX FOPM30OHTOB N03BOAMA 0becneymnTb pe-
LWeHMe ABYX BaXKHbIX 3a4a4: 1) AeTannsaums CMCTeMbl BOAOHOCHbBIX TOPU3OHTOB M NMOTOKA NOA3EMHbIX BOA,
2) oueHKa 3GPEKTUBHOCTU CYLLECTBYIOLWMX A06bIBAIOWMX CKBAXKMH. MOAyYeHHoe pelleHne OCHOBbLIBAIOCH
Ha TPEeXMepPHOM MOLENNPOBAHMM, UCNOb3YIOLLEM CKBaXKUHHblE reodusnyeckme gaHHble, U NPUBAEYEHUN
KOMMIEKCHOW MHPOpMaLLMK 0 pa3paboTKe BOAHbIX PecypcoB. Pe3ynbTaTom CTa/iv HOBble 3HaHUA 06 U3yyae-
MO cucTeme NoA3eMHbIX BOAOHOCHbIX FOPU3OHTOB B ee reodr3nyeckom, reoNorMyeckom 1 NPOoMbIC/IOBOM
KoHTeKcTe. OHO COCTOUT B ONpeAeneHnn CTaTUYecKon rybuHbl BOAbl M HanpasNeHMM OCHOBHOIO MOTOKa,
CTPYKTYPbl BOAHOIO rOPU30HTA C BblAEEHMEM BOAHbIX C/IOEB M BOAOYNOPOB, BbIXOA0B GyHAAMEHTa, a TaKKe
3G PEeKTMBHOCTU PaboTbl CKBAXKMH U KO3GOULMEHTOB NOTEPL BOLOHOCHOTO FOPU30HTA. 3HAHWA NO3BONAIOT
NOBbICUTb 3GPEKTUBHOCTb YNPABAEHUA NPOLECCOM OTKAYKM BOAbI U3 CYLLECTBYIOLLMX CKBAXKMH, a TaKKe on-

TUMU3NPOBATb 6ypeH|/|e HOBbIX CKBa*XMH B pacCMaTpnBaemMmom paﬁOHe.

Kniouesvwie cnoea: 3D modenuposaHue, cmpyKmypa nod3emMHbIX 8000HOCHbIX 20pU30HMO8, OOHHbIE
2eoghuzuyecKux uccnedo8aHuli CKBAXUH, 3¢hheKmuUBHOCMb 3A10HEHUA CKBAXUH U pa3pabomKu 800HbIX pe-

cypcoes.
DOI 10.20403/2078-0575-2022-4-70-84

The problem of the development of groundwater
resources is one of the most urgent tasks for mankind.
It is of particular importance for countries with arid cli-
mates and a significant distribution of deserts. These
countries include Egypt. Geological modelling programs
are a useful tool in the development of such resources.
They allow visualization of aquifer systems and recon-
struction of ongoing hydrodynamic processes, which
are important for assessment of underground resourc-
es and management of groundwater [2, 5, 15, 17, 20].

It should be noted that previous studies have pro-
vided significant information about the geological and
hydrogeological setting in EI-Oweinat area [1, 10, 12].
According to these studies, the main aquifer system in
the study area is called the Nubian Sandstone Aquifer
System (NSAS), which is described as a “transboundary
aquifer” crossing the borders between four countries;
Egypt, Libya, Sudan and Chad. A wide range of classi-

cal methods of hydrogeology were used in textbooks
and monographs [3, 16, 18]. The main hydrogeological
survey methods used in EI-Oweinat area are geoelectric
survey, magnetic survey and remote sensing.

Therefore, most previous studies have focused on
geoelectric and magnetic exploration techniques to de-
lineate subsurface stratigraphic layers of groundwater
resources. However, little attention has been paid to the
construction of detailed 3D models based on borehole
data. With the necessary information, we were able to
perform such constructions based on 79 groundwater
wells located at a distance of about 1 km from each
other. The constructed model provides new information
about the deep change of lithostratigraphic layers in the
study area. When building the 3D model, we used the
Petrel package (Schlumberger Limited) [13].

At this time, there are a significant number of
geological and hydrogeological modeling packages. In
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addition to the above, these include: Petrosys (Petro-
sys Pty Ltd), EarthVision (Dynamic Graphics, Inc., USA),
GOCAD (Paradigm Geophysical Ltd), Modflow (USGS).
The development of software and hardware over the
past decade has made it possible to create effective
tools for 3D modeling with the possibility of integrating
various digital data sets, such as scanned or digitized
maps, satellite images, well studies (geophysical, petro-
physical) and hydrogeological settings [7-9]. As a result,
three-dimensional geophysical/hydrogeological models
have become the most effective way to understand and
visualize aquifer systems.

Our choice of Petrel package was determined by
several reasons. Let us point out three of them, which
were decisive for us. The first is related to the possibil-
ity of creating a 3D model from multiple sources. For
example, when oil companies drill deep wells in the
study area, it will be easy to integrate the data obtained
into the constructed model. The second is the possibil-
ity of 4D modeling implemented in the package. There-
fore, the collection of temporal information about the
static water depth is very important to determine the
fluctuations in water depth over time. The same applies
to water pollution processes. Third, the package’s abil-
ity to work with massive 3D data storage, which allows
the model to be significantly extended to the entire El-
Oweinat region, which has more than 1600 wells drilled
into the aquifer system [16].

In the article, the three-dimensional geophysical/
hydrogeological model will be used as a tool to study
the target object, which is the aquifer system, and de-
termine the optimal site for drilling new wells. When
construction this model, well logging geophysical data,
as well as hydrogeological data, were used.

About the objectives of the study

In the study area, a significant problem arises
when drilling production wells of groundwater. They
breakdown shortly after construction, so decision-
makers have no choice but to drill new wells. There
are a number of reasons that can cause early failure of
water wells. These may include: improper design and
construction of the well, the placement and quality of
the building material, incomplete development of the
well, incrustation formation, corrosion, aquifer prob-
lems, over-pumping. The first three of these reasons
relate to the expertise of the groundwater well contrac-
tor. The next three are related to the characteristics
of the aquifer. The last reason is caused by users of
groundwater wells.

The cost of building new wells is high, so the ques-
tion of choosing the best location to drill new wells
should be taken seriously. In doing so, the most reli-
able information about the structure and properties of
aquifer system should be available to ensure that the
impact on well stability of three of these reasons, in-
crustation, corrosion and aquifer problems, is reduced.

The main objective of this study is to demonstrate
the possibility of choosing the optimal locations for

drilling new wells of groundwater by building a three-
dimensional model and visualizing the aquifer system
based on the integrated use of the data sets. The con-
structed model can then be used as a tool for making
various decisions, in particular, water pollution, the
efficiency of individual wells, etc. We will indicate the
following steps as the stages of building the model.

Step 1 — collection and preparation of source well
data for its insertion into petrel software.

Step 2 — analysis of the results obtained from the
3D model in order to correlate and analyze the struc-
ture of geological horizons.

Step 3 —solving applied problems, which include:
analysis of the efficiency of existing production wells
and the amount of dissolved substances in the water.

The creation of a three-dimensional geophysical
and hydrogeological model can also be used to clarify
the geological distribution of lithofacies and the hy-
drogeological properties of the aquifer system. Such
clarification is carried out for existing wells drilled for
the purpose of technical extraction of groundwater in
the study area. The information obtained is necessary
for the optimal selection of the best location for drilling
new wells in the future and can be used as a basis for
sustainable management and development of water
resources production.

Source data and model building

These included well logging data (gamma, SP and
resistivity logs), core descriptions and hydrogeological
data, which included: pumping tests, especially step
drawdown tests, as well as various remote sensing
data, such as satellite imagery and digital elevation
model (DEM). In order to enter all the used data into
the Petrel software, it was necessary to create a geo-
database in the Geographic Information System (GIS).
This database allows you to store, process and analyze
information about the general geology of the study
area, well drilling data, lithological description of rocks
and static water depth in various formats and at dif-
ferent scales. In addition to the available parameters,
hydrogeological data and aquifer properties were de-
termined by the analysis of pumping tests for all avail-
able wells, which were placed in GIS.

Omitting numerous technical details, we will in-
dicate the main stages of building a three-dimensional
hydrogeological model.

1. Preparation of GIS database with scanning
and importing a geological map into a specialized Arc-
GIS 10.8 system with its reference to the UTM / WGS84
projection system (zone 35 north latitude); integration
of the Landsat image and a digital elevation model
(ALOS PALSAR — Radiometric Terrain Correction RTC)
with 12.5 m spatial resolution; QC digitization of log-
ging data from 79 groundwater wells and analysis of
pump tests.

2. Importation of GIS and hydrogeological data
into Petrel software with quality control of the ob-
tained logs.
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3. Interpretation of logs and determination of The 3D model created in this way can be useful for
the thickness of sandstone, shale and basement lay- understanding the groundwater flow direction, ground-
ers based on reliable logging data and description of  water management, and for making decisions on site
lithology from core samples for the determination of selection when drilling new wells. To demonstrate

lithofacies in the study area. these capabilities, here are some simple examples.

4. Correlation between the well logging data and One of the first results obtained after the creation
creation of 2D sections in different directions (for ex-  of the geodatabase was a digital elevation model (ALOS
ample, east-west and north-south). PALSAR) with a spatial resolution of 12.5 m, shown in

5. Creation of spatial maps for various parameters  Figure 1. This indicates that the study area is an almost
to display the properties and characteristics of an aqui-  flat area, which is a good area for agricultural activities

fer system in 2D and 3D. and drilling groundwater wells.
6. Construction of a 3D hydrogeological model for As a result of the interpretation, the dominant
the area under investigation using Petrel software. stratigraphic unit in the study area is an aquifer of sand-
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stone with thin shale layers. According to the results of
geophysical observations, it has high values of gamma
ray, which is explained by the presence of radioactive
materials in shale layers.

To visualize the distribution of lithostratigraphic
layers within the study area, 23 sections or cross-sec-
tions were constructed, which show the correlation of
geological layers determined from borehole geophysi-
cal data. The first 11 sections are built in a west-east
direction, labeled from Al to A1l (Figure 2). At the
same time, the distance between the wells was about
1 km. The second 12 cross-sections were created in
the north-south direction. They are labeled from B1 to
B12. Below, as examples of the correlation performed,
two cross-sections are presented: A4 (Figure 3) and B2
(Figure 4).

The cross section A4, shown in Figure 3, extends
for about 3 km and encounters four groundwater wells,
which are labeled: 20R, 25R, 30R and 35R, respectively,
and with a distance of about 1 km between the wells.

During the interpretation of well log data in the
third stage of model building, the thicknesses of aquifer
(e.g., sandstone) and aquitard layers (e.g., shale) were
determined. Therefore, another important practical
result was obtained, related to the total thickness of
the two types of layers along the section. In particu-
lar, the total thickness of the aquifers for wells: 20R,
25R, 30R, 35R is 224.2 m, 225.9 m, 236.2 m, 235. m,
respectively; the thickness of the aquitards is 75.7 m,
39.0 m, 63.8 m, 64.75 m, respectively. The static wa-
ter depth (SWD) for each of these wells was 31.2 m,
30.8 m, 30.4 m, 27.15 m, respectively, which indicates
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Table 1
The top of the basement and the thickness of the layers along the cross-section B2

Well Top of Basement Total Depth (m) Aquifer thickness | Aquitard thickness | Static Water Depth
Name (m) (m) (m) (m)

102R - 300.00 251.06 48.94 31.53

103R 250.00 251.00 205.93 44.07 25.60

104R 240.00 242.00 203.66 36.34 23.15

105R 243.00 245.00 203.42 39.58 22.70

106R 226.00 227.00 188.44 37.56 21.95

the predominant groundwater flow in west direction
from high to lower level of SWD with a depth difference
of 4 m between wells 35R and 20R.

To solve the main problem, it is important to in-
crease the total thickness of the aquifers and reduce
the thickness of the aquitards not only at the points
of already drilled wells, but also in the areas of the
proposed drilling of new wells. This makes it possible
to install a large length of screen pipes in front of the
sandstone layers to obtain the required amount of
groundwater used in agricultural activities.

The geological cross-section B2 (Figure 4) is one
of 12 north-south cross-sections. This cross-section
extends for 4 km and passes through five groundwa-
ter wells, which are located from south to north; 102R,
103R, 104R, 105R and 106R, respectively, with a well
distance of about 1 km.

This cross section contains groundwater wells
103R—106R (Table 1, Figure 4). These wells penetrate
the Upper Cretaceous Nubian sandstones aquifer sys-
tem and penetrate into the Precambrian basement
rocks. The presence of basement rocks is confirmed by
the description of core samples taken during the drill-
ing process.

The results presented in Figure 4 show the hori-
zontal and vertical distribution of the lithostratigraphic
layers of the aquifer in the north-south direction of the
study area. The total depth of the 102R well reaches
300 m, while other wells could not reach this depth as
planned due to the presence of basement rocks, which
is considered a bad location to drill groundwater wells,
as shown below.

Spatial Analysis of Modeling Results

The Petrel package was used to construct 2D and
3D visualizations of the properties and characteristics
of the aquifer in the study area. In particular, it made it
possible to study the static depth of water (SWD) within
the study area, which is one of the most important fac-
tors that can be used in choosing the best site to drill
new wells.

According to Figure 5, the static water depth
(SWD) has quite significant variations and a complex
structure in the study area. The SWD changes from a
maximum value of 38.6 m in well 17R in the southwest
and a minimum value of 13.8 m in well 114R in the
northeastern part of the region with an average value
of 24.5 m. The presented three-dimensional and two-

dimensional visualization views of SWD show that the
direction of groundwater flow has a fairly prominent
direction from the northeast to the deepest points of
the SWD in the southwest.

The direction of groundwater flow is a very impor-
tant environmental factor in choosing the best location
for drilling wells. The well should be located at mini-
mum values of static water depth so that contamina-
tion from any source moves away from the well and
not towards the well. Also, to decide where to drill a
well, it will be better to locate the well uphill in shal-
low static water depth for economic reasons. Usually,
a deeper water level inside a well requires more pipes
and a powerful submersible pump with high mechani-
cal power to lift water from the well to the surface,
which can lead to an increase in the cost of water pro-
duction.

The combination of three-dimensional visualiza-
tion modeling of lithostratigraphic layers and static
water depth (Figure 6) can be used to understand the
direction of groundwater flow controlled by the sub-
surface structure and stratigraphic sequence of aquifer
layers. In the study area, the groundwater flow direc-
tion and the static water depth depend on the struc-
ture of the basement more than on the change in the
lithostratigraphic layers.

For example, in cross-section B2 (Figure 4), espe-
cially at the bottom of well 102R, it can be assumed
that there is a fault in the bottom between wells 102 R
and 103 R. The assumption is justified by the fact that
basement rocks appear in wells 103R, 104R, 105R,
106R. This indicates that in the area of these wells
there was a sharp rise in the basement. The depth
to the basement in these wells was 250 m, 240 m,
243 m and 226 m, respectively (Table 1). In well 102R,
drilling continued without penetrating the basement
rocks to a total depth of 300 m. Consequently, this up-
lift and the inferred fault, surrounding it, affected the
direction of groundwater flow and the SWD. The static
water depth was 21.95 m in well 106R in the north di-
rection, and in the south in well 102 R, the static water
depth reached 31.53 m. Thus, in this cross-section,
the flow direction is considered to be in south direc-
tion from the high level of SWD to the lowest depth
in the well 102R, which is affected by the structure.
Unfortunately, we do not have enough regional geo-
logical data to delineate in detail all the structures in
the study area.
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Fig. 5. 3D and 2D visualization of the static water depth in the study area = 3D u 2D BM3yanu3sauma ctaTM4eckom rnybuHbl
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Another important result obtained from the
modeling is the total thickness of the aquifer and its
structure in the entire area of study. Characteristics
such as the SWD value have a significant impact on
the selection of the best site or location for drilling
new wells. As the total thickness of an aquifer in-
creases, the feasibility of selecting the site increases
because sandstone layers can serve as an aquifer layer
of groundwater and it supply sufficient water. This is
important for achieving a specific goal and obtaining
an economically significant amount of water from a
groundwater well.

Increasing the thickness of the aquifer makes it
possible to install more screen pipes (e.g., PVC screens)
inside the well in front of the sandstone layers, which
result in groundwater being drawn from the adjacent
layers after filtering the water by the gravel packing.

anis

Fig. 6. 3D visualization of lithostratigraphic layers
and static water depth in the study area = 3D Busy-
anusaumsa AMToCcTpaTUrpaduUeckmnx cNoes u cTatu-
YyecKol my6uHbl Boabl B U3ydaemoi obnactu

In the present study, the total thickness of the aquifer
of discontinuous sandstone layers in each well of 79
groundwater wells was calculated based on all con-
structed sections (see Sec. 2) and integrated into the
geodatabase.

According to the obtained results, the total thick-
ness of aquifers in the study area (Figure 7a) ranges
from 269.48 m in well 74R to 184.00 m in well 101R in
the northwest direction with an average thickness of
232.26 m. A significant fluctuation in the thickness of
the aquifers is affected by the change in the total depth
of the wells, which is strongly influenced by the ap-
pearance of the basement rocks in the bottom of some
wells. For example, a sharp decrease in the thickness
of the entire aquifer occurs in the northwest direction
in wells 101R and 106R, which is associated with a de-
crease in the total depth of the wells and the appear-
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Fig. 7. Thickness maps for: (a) aquifers and (b) aquitards in the study area = KapTbl MOLLHOCTV BOAOHOCHbIX C/10€eB (a) 1 Bo-
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Fig. 8. 3D and 2D visualization for the top of basement rocks in the study area = 3D u 2D BM3yanusauma BbIXOA0B Napo,

dyHOaMeHTa B M3yyaemol ob6nactm

ance of basement rocks at the bottom of these wells at
depths of 238 m and 226 m, respectively.

When changing the ratio of the total thickness of
the aquifers and aquitards (Figure 7), one should care-
fully choose the location for drilling. The disadvantages
of aquitard layers in the design of wells are the shale
layers, which supply the well with fine sediments and
over time can block slots in the screen pipes, which will
lead to their destruction under pressure.

According to the obtained results, the total aqui-
tard thickness in the study area (Figure 7b) ranges from
78.52 m in well 26R to 22.59 m in well 8 R with an av-
erage aquitard thickness of about 43.90 m throughout
the study area. The increase in the aquitard thickness is
partially due to the decrease in the total thickness and
the decrease in the aquifer thickness.

When determining areas where there is a high
probability of successful drilling of groundwater wells,

it is necessary to take into account the relief of the
basement rocks (Figure 8). Favorable areas for drilling
wells are those where there is a high probability of suc-
cessfully penetrating aquifer layers or aquifer systems.
It is a waste of time and money to drill a well in the
basement rocks, as mentioned above.

The present study showed that the basement
rocks (Figure 8) were found at the bottom of 32 ground-
water wells. This was confirmed by analyzing core
samples obtained during the drilling process. Thus, ac-
cording to the results of this studly, it is strongly recom-
mended not to drill any wells near these areas if the
existing wells fail. Re-drilling in such areas would not
be economically profitable.

The analysis shows that the drilling total depth in
the study area varies from 306 m in well 23R to 227 m
in well 106R with an average total depth of about
277 m. Increasing the total depth is very important for
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two reasons. First, it is necessary to install upper gal-
vanized steel casing, which is used to place a submers-
ible pump to uplift the groundwater to the surface. The
second reason is to install PVC screen pipes and blank
pipes of sufficient length to withdraw a high quantity of
groundwater that can be used in agricultural activities
and domestic purposes.

Analysis of well efficiency results

Determining the efficiency of a groundwater well
is important because it indicates how freely the well
allows groundwater to pass through the well screen

[ wiell efficiency (20 view} [TVD] X
=]

pipes (e.g., PVC screen) or perforations. The efficiency
of a pumped well is calculated as the ratio of laminar
head loss (aquifer loss) to total head loss [11, 18]. The
efficiency of a pump well expresses the relationship
between the theoretical drawdown outside the well
and the actual/measured drawdown inside the well
[6]. Consequently, the efficiency of a well can be de-
termined by analyzing the step drawdown tests that
are performed inside the borehole at the last stage of
drilling the well without using observation wells. The
efficiency of a well can be calculated from the follow-
ing equation:

Well efficiency (%) = BQ/(BQ + CQ?) - 100, (1)

where (BQ) is the aquifer loss or laminar head loss (m),
(CQ?) is the well loss or turbulent head loss (m), (BQ +
CQ?) is the total head loss (m), and (Q) is the discharge
rate (m3/hr).

In this study, the well efficiency (Figure 9a) was
determined for all analyzed groundwater wells in the
study area using the above equation (1). The safe
yield for most groundwater wells in the study area
is achieved at a discharge rate of Q 250 m3/h (RIGW,
2008). The well efficiency reached a maximum value of
95.91% at well 66 R, while the minimum well efficiency
was 3.85%, 8.76%, 9.91%, 16.67%, 20.56%, 25.74%,

29.91%, 38.27% in wells. 63R, 96R, 65R, 104R, 101R,
77R, 33R, and 21R, respectively. These very low well
efficiency values are attributed to the consequences of
insufficient well development or inadequate well de-
sign and construction. Thus, this can lead to failure or
breakdown of these wells shortly after construction, as
described in the first section of the article.

The second important point about well perfor-
mance is the water salinity or the total dissolved sol-
ids, which can seriously affect agricultural projects and
domestic purposes, that will be established depending
on groundwater resources.

[Tt geecves soice 15) 20 v o< [

Fig. 9. Maps: (a) well efficiency (b) total dissolved solids in the study area = KapTbl 3¢ deKTUBHOCTU CKBaXKMH (a) 1 obLero
KO/IMYECTBA PAaCTBOPEHHbIX TBEPAbIX BELLECTB B M3y4aemoi obnacTm(6)

Table 2
Classification of water based on TDS [14]
Classification TDS (mg/l)
Fresh water 0 to 1000

1000 to 10,000
10,000 to 100,000
Greater than 100,000

Brackish water
Saline water
Brine

The total dissolved solids (TDS) is the total amount
of organic and inorganic materials in the solution con-
tained in a sample of water. The general groundwater
classification system based on total dissolved solids can
be described in four classes as shown in Table 2.

In this study area, the total dissolved solids (Fig-
ure 9b) ranges from 690 mg/I in well 74R to 230 mg/|
in well 67R. Consequently, based on the previous clas-
sification (Table 2) and according to Chebotarev’s clas-
sification for salinity [3], the groundwater in the study
area is classified as fresh water, which ranges from 0
to 1000 mg/I.

Conclusion

The study showed that the combination of a 3D
model and the identification of lithostratigraphic lay-
ers with aquifer properties provided a better under-
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standing of the aquifer system in the study area and
can help in making various decisions regarding the
development of water resources. The aquifer prop-
erties and characteristics that had been determined
include: static water depth, the total thickness of the
aquifer and aquitard, the depth of basement, aquifer
and well loss coefficients, well efficiency and total
dissolved solids (TDS). For example, increasing the
total thickness of the aquifer (e.g., sandstone layers)
and shallow static water depths are considered to be
the best locations for drilling new wells. Moreover,
the horizontal and vertical distribution of lithofacies
can help to estimate the well design and how to place
the screen pipes and the blank pipes into the bore-
hole.

Based on the results of this study, it is highly rec-
ommended not to drill any groundwater wells near the
32 wells shown in Figure 8, even if these wells break
down or fail. Because the basement rocks are found at
the bottom of these wells, as demonstrated by map-
ping the top of basement rocks in the study area.

As a result of this study, due to the decrease of
the well efficiency values at wells: 21R, 33R, 63R, 65R,
77R, 96R, 101R, 104R. It is highly recommended to per-
form air development stage and pump development
stage in order to increase the well efficiency of these
wells and avoid their destruction or failure over time
[14]. Because these stages of well development are
considered to be a procedure used to maximize the
well yield. They are also effective for repairing forma-
tion damage caused by drilling and altering the physi-
cal characteristics of the aquifer near the borehole to
improve the flow of groundwater to the well and in-
crease the volume of water pumped out of the existing
wells.
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HCCNIEAOBAHHUE BOAOHOCHbBIX T'OPHU30OHTOB
HA TIPUMEPE OBACTH 3(1b-OBEWHAT, ETHIIET

Mpobnema pa3paboTKM NOA3EMHbIX BOAHbIX pe-
CYPCOB ABNAETCA OAHOM U3 aKTyasbHbIX ANA Yesnose-
yectBa. Ocoboe 3HaueHMe OHa NpMobpeTaeT AA CTPaH
C 3aCyW/IMBbIM KJMMATOM W 3HAYUTEeIbHbIM pacnpo-
CTPaHeHWem nycTbiHb. K TakMm cTpaHam OTHOCKTCA
Ervnet. MNMpu pa3paboTke 3TUX pPecypcoB MOse3HbI
WHCTPYMEHT — MPOrpaMmbl reoIorM4yeckoro Moaenm-
poBaHuA. OHM NO3BONAIOT BU3Ya/IM3UPOBATbL CUCTEMDI
BOAOHOCHbIX FTOPM3OHTOB M MPOBOAMUTL PEKOHCTPYK-
LMIO NPOTEKAKLWNX TMAPOAMHAMUYECKMX NPOLLECCOB,
YTO BAXKHO 417 OLEHKM pecypcHOM 6a3bl M ynpaBaeHus
noasemHbiMu Bogamu [2, 5, 15, 17, 20].

OTmeTMm, 4YTO B pesynbTaTe Npeaplaywmux nccie-
[OBaHWUI 6blna NoayYyeHa 3HaymTebHasa MHbOpMaLMA
O reos0rnYeckor U r’MapPoreoNornyeckon obcTaHoBKe
B palioHe dnb-0OBeliHar [1, 10, 12]). OcHoBHan cucTemMa
BOZAOHOCHbIX TOPU30OHTOB B M3y4aemol 061acTi Hasbl-
BAETCA CUCTEMOM BOAOHOCHbIX FOPU3OHTOB HYBOUMACKMUX
necyaHnKkoB (NSAS) 1 onucbIBAeTCA KaK «TpaHCrpaHWy-
Hblli BOJOHOCHbIV TOPMU3OHT», NMEPEeceKatoWwmnii rpaHuLbI
MeXKay YeTblpbMa cTpaHamu: Eruntom, /insmen, Cyaa-
HoM 1 Yagom. MNpun n3y4eHnn NCNob30BaJICA LMPOKNIA
CNEKTP KNACCUYECKUX METOAOB MMAPOreoa0rnn, nsno-
YKEHHbIX B y4ebHMKax 1 moHorpadusax [3, 16, 18]. OcHos-
HbIMM METOAAMM FMAPOreosIorMYecKol pa3Beakm B pai-
oHe Inb-OBeMHaT ABNAOTCA rE031EKTPUYECKAA CHbEMKA,
MarHUTHaA CbeMKa U AMUCTaHLMOHHOE 30HAMPOBAHME.

TakmMm 06pasom, 60AbLMHCTBO NPEeabIAYLLNX UC-
cnegoBaHUi 6bI1I0 COCPEAOTOYEHO Ha MPUMEHEHUU
reo3N1eKTPUYECKMX U MArHUTOPa3BeA0YHbIX METOLOB
017 OKOHTYPUBAHWUSA NOAMNOBEPXHOCTHbIX CTPATUIPadu-
YECKUX eaMHNL, UMEIOLLMX OTHOLLIEHME K MOA3EMHbIM
BOAHbIM pecypcam. MNpun 3Tom Masio BHUMaHUA yaens-
JIOCb MOCTPOEHUIO AeTasibHbix 3D-moaenei Ha ocHoBe
CKBaXMHHbIX gaHHbIX. O61azas Heobxogmmoin nHdop-
MaLmen, Mbl CMOIIN BbINOJHUTbL TakMe MOCTPOEHMUS
Nno 79 CKBa)XMHam, PacrofioXeHHbIM Ha PACcCTOAHUMU
0KoJ10 1 KM apyr oT gpyra. lloctpoeHHaa moaens gaet
HoBYIO MHbOPMaLMIO O TNYBUHHOM U3MEHEHUU NUTO-
CTpaTUrpaduyecknx C10eB B palioHe MccienoBaHMA.
Mpwn noctpoeHun 3D-mogenn Hamum MCNONb3OBAACA
naket Petrel (Schlumberger Limited) [13].

K HacToAwemy BpemMeHM CyLLecTBYeT 3HauYuTesb-
HOe YMC/I0 NAKEeTOB reoI0rMYEeCcKOro 1 rmaporeosiornye-
CKOro mogenvposaHua. Kpome yKazaHHOTO, K HUM OTHO-
catca Petrosys (Petrosys Pty Ltd), EarthVision (Dynamic

Graphics, Inc., CLLUA), GOCAD (Paradigm Geophysical
Ltd), Modflow (USGS). Pa3Butre nporpamMmHoro u an-
napaTHoro obecneyeHWss 3a nocnegHee pecATUe-
TMe MO3BONAO CO34aTb 3PPeKTUBHbIE CpeacTBa ANA
3D-mo4ennpoBaHMA C BO3MOXMHOCTAMWU MHTErpaumm
pasIMYHbIX UMDPOBLIX HABOPOB AAHHbIX, TAKMUX KaK CKa-
HMPOBaHHbIE AN OLMPPOBAHHbIE KAPTbl, CMYTHUKOBbLIE
n300parkeHns, UcCcnefoBaHUA CKBaXKMH (reodusmye-
CKMX, NETPOPU3NYECKMX) U TMAPOreoNorniecknx obera-
HoBOK [7, 8, 15]. B pe3ynbtaTe TpexmepHble reodpusu-
yeckune/rmaporeonornyeckme Mmoaenu ctanm Hambonee
3¢bdEeKTUBHbIM CNOCOHOM NOHUMAHWUA U BU3yann3aLmm
CMCTeMbI NOA3EMHbIX BOAOHOCHbIX FTOPU3OHTOB.

Bbibop Hamu naketa Petrel onpepensncs He-
CKONbKMMU MPUYNHAMMN. YKaXKEM Ha TPU U3 HUX, KOTO-
pble CTann Ana Hac onpeaensaowmmu. NMepsana cBaA3aHa
C BO3MOKHOCTbI0 c03aaHMA 3D-moaenn n3 HecKo/IbKMX
WUCTOYHUKOB. Hanpumep, npu bypeHun HedTaHbIMU
KOMMNaHUAMM INyHOKMX CKBAXKMH B UCCIelyeMOM palio-
He byaeT HEC/IOXKHO MHTErPUPOBATb NONYYEHHbIE AaH-
Hble B MOCTPOEHHYIO Moaesb. BTopasa — peannsoBaHHan
B MakeTe BO3MOXHOCTb 4D-mozennposaHma. [Nostomy
cbop BpemeHHOMN nHGopMaLmnmM O CTaTUYECKOM rybun-
He BOAbl OYEHb BaXKeH ANA onpeaeneHua KonebaHui
rnybuHbI BOAbI BO BpeMEHU. ITO Ke OTHOCUTCA U K NPo-
Leccam 3arpA3HeHUA Bogbl. TpeTbA — MMetoLw,anca B na-
KeTe BO3MOKHOCTb paboTbl C MAaCCMBHbIMWU XPaHUAK-
wamm 3D-gaHHbIX, KOTOpPaA NO3BOJAET CYLWEeCTBEHHO
pacwmpaATb MOAEeNb HA BECb pernoH dib-OBeiHar, rae
nmeeTtca bonee 1600 ckBaXKUH, NPObYpPEHHbIX HAa BOAO-
HOCHbI€ TOpU30HTbI [16].

B cTatbe TpexmepHan reodpusmyeckas/rnaporeo-
Jlornyeckas Mogesib UCNO/b3yeTcs B KAYeCTBE MHCTPY-
MEHTa AR U3y4yeHMA LeneBoro ob6beKkTa, KOTOpbIM
ABNANACH CUCTEMA BOAOHOCHbIX TOPU3OHTOB, U Onpe-
OeNneHuna onTMMaabHOro yy4acTka aas 6ypeHuns HOBbIX
CKBaXXMH. Mpyn ee NOCTPOEHMM NCMONb30BAIUCL MaTe-
puasnbl reoPpusnyecKnx NccneaoBaHNn CKBaXKUH, a TaK-
YKe r’MAporeosiorMyeckne faHHble.

0O 3apauvax uccnepoBaHmA

B n3yyaemom panoHe npu bypeHnn obbiBatoLwmx
CKBaYKMH C rPYHTOBbIMW BOAAMM BO3HWMKAET CYLLLECTBEH-
Has npobnema. Boabl NpopblBalOTCA BCKOpe nocne
CTPOUTENbCTBA, MO3TOMY /IMLAM, NMPUHUMAIOLLMM pe-
LIEHMS, HAYEro He OCTaeTcsl, KPOMe Kak BypuTb HOBble
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CKBaXMHbI. CylLlecTByeT psag NpUYMH, KOTOpble MOryT
BbI3BATb MPEXAEBPEMEHHDIM OTKA3 BOAAHbIX CKBAXKMUH:
HenpaBW/bHOE MNPOEKTUPOBAHME U CTPOUTENLCTBO
CKBaXMHbI, MOJIO}KEHME U KayecTBO CTPOUTESIbHOro
maTepuana, HenosiHoe OCBOeHMEe CKBaXKMHbl, 06paso-
BaHWEe KOPKMK, Kopposunsa, npobaembl BOLOHOCHOFO ro-
PU30HTa, NepeKayka. MepBble TPM NPUYMHDLI CBA3AHbI
C NPOW3BOACTBEHHbLIM OMbITOM MOAPAAYMKA, BbINOA-
HAOLLEro pas3paboTKy NoA3eMHbIX BOA, caeaytolme
TPM OMpeaenAlTcA XapaKTepUCTMKaMn BOAOHOCHOTO
rOPU30HTa, a NOC/NeAHAA Bbl3BaHa MO/b30BaATENAMMU
CKBaXXMH C FPYHTOBbIMW BOAAMMU.

Y4yuTbIBasA BbICOKYIO CTOMMOCTb CTPOUTENBCTBA HO-
BbIX CKBA)KMH, K BOMPOCY BblbOpa Hauayyllero mecra
ana BypeHns HOBbIX CKBAXKWH cieayeT OTHEeCTUCH ce-
pbe3Ho. Mpu aTom cnesyet UMeTb Hanbonee focToBep-
HYH MHPOPMALLMIO O CTPYKTYpe U CBOMCTBAX BOAOHOC-
HbIX FOPU3OHTOB, YTOObI rapaHTUPOBaTb YMEHbLLUEHME
B/IMSAHUA Ha CPOK CNYXObl U 3GGEKTUBHOCTL CKBAXKMH
Tpex M3 yKasaHHbIX NMPUYMH — HapallMBaHWeE KOPKW,
Koppo3ua 1 Npobaembl BOAOHOCHOTO rOPU30OHTA, CBSA-
3aHHbIe C ero XapaKTepucTMKamu.

OcHoBHasA 3ajaya HacToAWero wuccnenosa-
HUS — NPOAEMOHCTPMPOBATL BO3IMOXKHOCTb BblbOpa
ONTUMaNbHbIX MeCT ANA OypeHWs HOBbIX CKBaXKWH
C TPYHTOBbIMW BOZAMWU NyTEM MOCTPOEHUA Tpexmep-
HOM MOZenn u BM3yanms3aunmn cMctembl BOLOHOCHOTO
rOPU30HTa Ha OCHOBE KOMMAEKCHOIO MCMNOAb30BaHMA
Habopa AaHHbIX. [TOCTPpOEHHAA MOAENb B AA/IbHENLIEM
MOeT BblTb MCMO/Ib30BaHa B KaYecTBe MHCTPYMEHTA
ONA NPUHATUA PA3IMYHBIX PELLEHMIA, B YAaCTHOCTU OTHO-
CUTENIbHO 3arpA3HeHua Boabl, 3PpPEeKTUBHOCTN PabOTbI
OTAENbHbIX CKBAXKMH M Np. B KauecTBe 3Tanos noctpoe-
HUA MOLENN YKAXKEM C/iefytoLlme Waru.

War 1 — cbop n NOAroTOBKA UCXOAHOMN CKBAXKUH-
HOM MHbOPMaLMKN ANA ee BBeAEeHMA B NPOrpamMmmHoOe
obecneuveHue (MO) Petrel.

LLar 2 — aHanu3 pe3ynbTaTos, MNOAYYEHHbIX MO
3D-moaenu € uenbio Koppenauum n aHaansa CTpyKTypbl
reoNorM4ecknx ropm3oHTOB.

LLlar 3 — pewieHre NpuKnaaHbix 3aaa4 (aHanms ag-
GEeKTUBHOCTU CyLLECTBYIOLWNX A06bIBAOWMX CKBAXKUH
M KONIMYECTBO PaCTBOPEHHbIX BELLECTB B BOAE).

Co3paHune TpexmepHon reodpmusnyeckomn u rmapo-
reon0rM4yeckon MoLeN MOXKET ObITb TaK¥Ke UCMONb30-
BAHO A1 YTOYHEHMA reoI0rMYecKoro pacnpeseneHums
antodaumin U TMAPOreonorMYecknx CBOMCTB CUCTEMbI
BOLOHOCHbIX FOPM30OHTOB. Takoe YTOYHEHWE BbIMOHS-
€TCA MO CYLLEeCTBYIOLWMM CKBaXKMHAM, NpPoOypeHHbIM
C Uenblo MpOoMbIWAEHHOM A00bl4M MOA3EMHbIX BOZ,
B M3y4yaemoM palioHe. MNonyyeHHaa nHbopmaums He-
obxoanma Ans oNTUMANbHOTO BbIBopa HamnyyLlero me-
cTa BypeHMA HOBbIX CKBaXMH B ByayLLeM U MOXKeT bbiTb
MCMNO/Ib30BaHA B KayecTBe OCHOBbl As YCTOMYMBOrO
ynpaBieHna 1 pasBuTUA L06blYM BOAHbIX PECYPCOB.

UcxogHble AaHHbIE N NOCTPOEHUe mogenu

McxXoaHbIMKM faHHbIMM BbINM AaHHblE KapoTaka
CKBaXXMH (ramma-KapoTax, SP 1 KapoTa conpoTus-

IeHnA), ONUCAHUA KepHa U rTMaporeosormyeckme ma-
Tepuasnbl (MCNbITaHMA OTKAYKKN, 0COBEHHO UCMbITAaHUSA
CTyNeH4yaTol Aenpeccun), a TakxKe pasndyHble AaH-
Hble AMCTAHUMOHHOIO 30HAMPOBAHUA, Hanpumep,
CMYTHMKOBbIE CHUMKK U LUndpoBasa mogens penbeda
(LLMP). Onsa BBeAeHMA BCEX UCMOJb3YEMbIX AaHHbIX
B O Petrel noTpeboBasnocb co3gaHue 6asbl reogaH-
HbIX B reorpaduyeckoit MHGOPMaLIMOHHOM cucTeme
(reoUC). OTa 6a3a no3BonAET XpaHUTb, 06pabaTbiBaThb
M aHanusMposaTb MHbOpMmauuto o6 obuei reono-
r’Mn U3y4yaemoii 061acTu, AaHHbIX OYpPeHMA CKBaXKUH,
JNINTONOTMYECKOM OMUCAHUU MOPOA U CTaTUYeCKOM
rnybuHe BoAbl B Pas/iMyHbIX GOpPMATax M B PasHbIX
macwtabax. Kpome umeromxca napameTpos, ny-
TEeM aHa/IM3a UCMbITAHUI OTKAYKKU AN BCEX CKBAXKUH
6blAn onpeneneHbl rMAPOreocNornyeckme AaHHble
W CBOWCTBA BOAOHOCHOIO rOPU3OHTA, KOTOpble No-
mewanuco B lfeoUC.

OnyckaA MHOTOYMCNEHHble TEXHUYECKME AeTaN,
YKaKem OCHOBHbIe 3Tarnbl NOCTPOEHUA TPEXMEPHOW TU-
[L,pOreo/IorMyeckon mogenu.

1. NogroToBKa 6a3bl AaHHbIX [eoMC co ckaHMpo-
BaHMEM WU MMMOPTUPOBAHMEM Te0JIOFMYECKON KapThbl
B cneumanmsnpoBaHHyto cuctemy ArcGlS 10.8 ¢ ee npu-
BA3KOM K NpoeKumnoHHo cucteme UTM/WGS84 (30Ha
35 ceBepHOW WNPOTbI), UHTENPUPOBAHME N306paKeHNA
Landsat n umdposoit mogens penbeda (ALOS PALSAR —
Radiometric Terrain Correction RTC) ¢ npocTpaHcTBeH-
HbIM paspelleHnem 12,5 m, oumdposKa c nomolbio QC
[JAHHbBIX KapoTarka No 79 cKBaXKMHaM C NOA3EMHbIMU
BOZaMW M AHA/IM30M HACOCHbIX UCMbITAHWUA.

2. UmnopT aaHHbix leoMC n rngporeonornyeckmnx
OaHHbIX B MO Petrel ¢ KOHTponem KayecTBa NONy4YeH-
HbIX KapPOTaXKHbIX AMarpamm.

3. IHTepnpeTaumAa  KaApOTaXKHbIX  AMarpamm
W onpegeneHve TOAWMHbI MECYAHWKA, FUHUCTOTO
cnaHua u cnoes ¢yHAAMEHTA HA OCHOBE HALEMHbIX
KapOTa*KHbIX AMArpaMm M OMUCAHWUA AUTONOTUMK MO
obpasuam KepHa ansa onpeaeneHua antodpaumi B uc-
cnegyemoi obnactu.

4. Koppenauna mexay aaHHbimu leoC n co3pa-
Hue pa3pe30B 2D B pa3Hbix HanpaBAeHUAX (Hanpumep,
BOCTOK—3anag, 1 cesep—tor).

5. Co3pgaHne NpOCTPaHCTBEHHbIX KapT AAA pas-
JINYHbBIX MAapPaMeTPOB A/ OTOOpPaXKeHMA CBOUCTB U Xa-
PaKTEPUCTUK CUCTEMbI BOAOHOCHOrO ropmsoHTa B 2D
n 3D.

6. MocTtpoeHue 3D ruaporeosorMyeckor moaenm
Ans 061acTM M3y4aemoro yyacTka € MCNo/Ib30BaHMEM
MO Petrel.

CosfgaHHaa Takum obpasom 3D-mofenb MOXKeT
6bITb Nose3Ha A8 NOHUMAHUA HAMpPaBAEHUA NOTO-
Ka TPYHTOBbIX BOA, YyNpaBAeHWA FPyHTOBbIMW BOAa-
MW U o5 NPUHATUA pelleHnit no Bbibopy mecTt npwu
6YypeHUN HOBbIX CKBaXKWMH. [N AEMOHCTPALMM 3TUX
BO3MOKHOCTEM MPMBEAEM HECKOJIbKO MPOCTbIX MpU-
MepOoB.

OAHWM 13 NepBbIX Pe3ynbTaToB, NOJYYEHHbIX NO-
cne co3paHma 6asbl reogaHHblx, bblia unpposas mo-
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Tabnuua 1
BepxHAs YyacTb pyHAAMEHTA M TONLLMHbI C/I0EB NO NONEpPeYHOMY ceveHuto B2
CKBAKUHA Kposna O6uian MouwHocTb TonwmHa CTaTnyeckas rnybuHa
dyHOAMEHTa, M rnybuHa, m BOAOHOCHOrO CN0A, M BOAOYMNOPOB, M BOAbI, M
102R - 300,00 251,06 48,94 31,53
103R 250,00 251,00 205,93 44,07 25,60
104R 240,00 242,00 203,66 36,34 23,15
105R 243,00 245,00 203,42 39,58 22,70
106R 226,00 227,00 188,44 37,56 21,95

aenb penbeda (ALOS PALSAR) ¢ npocTpaHCTBEHHbIM
paspeweHuem 12,5 m, npeacrasneHHasa Ha puc. 1. OHa
CBUAETENbCTBYET, UTO M3y4aeMblii PaloH NpeacTaBnA-
eT coboi MOoYTU POBHYIO TEPPUTOPUID, ABAAIOLLYOCA
XopoLuei 061acTbto 418 CE/IbCKOXO3ANCTBEHHbIX PaboT
1 BypeHuA CKBaXKUH C rPyHTOBbIMW BOAAMM.

B pesynbTate WHTepnpeTaumun npeobnagatowiasn
cTpaturpaduyeckas eguHuLa B uccneagyemon obna-
CTV — BOAOHOCHbI TOPU30HT NecYaHuKa C NPOC/I0AMU
TOHKMX cnaHueB. Mo pesynbtatam reoPpusnyeckmx Ha-
61t04eHNI OH UMEET BbICOKME 3HAYEHMA raMMa-Kapo-
TaXka, YTO 06BACHAETCA NPUCYTCTBUEM PALMOAKTUBHbBIX
MaTepranos B C10AX CaHLA.

Ona BuM3yanusaumm npocneKMBaemoctTu anTo-
cTpaTurpadmyecknx cnoes B npeaenax uccaemyemon
061acTn BblM NocTpoeHbl 23 paspesa UAK nonepey-
HbIX CeYeHMA, KOTOPble NOKA3bIBaOT KOPPENALMIO reo-
JIOFMYECKUX FOPU30HTOB, ONpPesensieMblX MO CKBAXKUH-
HbIM reodusmyeckMm gaHHbim. MNepsble 11 pa3pes3os
MOCTPOEHbI B HAaNpaB/eHMM C 3aMnaja Ha BOCTOK M 0bo-
3HauyeHbl Kak A1-A11 (puc. 2). Mpun 3TOM paccTosHue
MEK Y CKBa*KMHaMM COCTABAANO OKOMO 1 Km. BTopbie
12 nonepeyHbIx cedeHMn Bblan co3a4aHbl B Hanpase-
HUM C ceBepa Ha tor (B1-B12). Kak npumepbl BbiNoA-
HEHHOW Koppenaunmn NnpeacTaBieHbl A8a NONEPEYHbIX
cevyeHus: A4 (puc. 3) u B2 (puc. 4).

MonepeyHoe ceveHune A4 (cm. puc. 3) npocTnpaeT-
€A MPMMEPHO Ha 3 KM M NepeceKaeT YeTblpe CKBAXKMHbI
c rpyHTOBbIMM Bogamu (20R, 25R, 30R 1 35R); paccros-
HUE MeXAY CKBAXKMHAMM OKONOo 1 Km.

B nmpouecce mHTepnpeTauMm AaHHbIX KapoTarKa
CKBaYMH Ha TPeTbeM 3Tane NoCTPoeHMA mogenm 6binu
onpeaeneHbl TONLWMHbI BOAOHOCHbIX C/TIOEB (Hanpumep,
necyaHuKa) u BoAOYMNOPHbIX CA0eB (Hanpumep, CnaH-
ua). Taknm 06pa3om, bbia NONYUEH ellle OANH BaXKHbIN
NPaKTUYECKUIA pe3y/bTaT, OTHOCALLMICA K 06LLein moLy-
HOCTM ABYX TMNOB C/10€B MO paspesy. B yacTHocTH, 06-
LLAas MOLLHOCTb BOAOHOCHbIX C10€B ANA CKBaxKnH 20R,
25R, 30R, 35R coctaBnset 224,2 m, 225,9 m, 236,2 m,
235,2 M COOTBETCTBEHHO; TOALWMHA BOAOYNOPOB —
75,7 m, 39,0 m, 63,8 m, 64,75 m cOOTBETCTBEHHO; CTa-
TUyeckas rybuHa sogbl (SWD)—31,2 m, 30,8 m, 30,4 m,
27,15 m cOOTBETCTBEHHO, YTO YKa3bIBaET Ha NpenmyLue-
CTBEHHOE 3anagHoe Hanpas/jeHWe NMOTOKa FPYHTOBbIX
BOZ, OT BbICOKOTO YPOBHA A0 HU3LWIEro ¢ nepenagom rny-
61H SWD B 4 M mexKay ckBaxknmHamm 35R n 20R.

[na pelweHnA OCHOBHOW 3a4,a4M BaXKHO yBeNMYe-
HWe obLLen TONLWMHbI BOLOHOCHbIX C/IOEB Y YMEHbLUe-

HWe TONLMHbI BOAOYMNOPOB He TO/IbKO B TOYKAX YKe
NPo6YpPeEHHbIX CKBAXKMH, HO 1 B 06/1acTAX Npeanonarae-
MOro 6ypeHUs HOBbIX CKBaXKMH. 3TO AaeT BO3MOKHOCTb
YCTAHOBUTb 6ONbLUYIO ANMHY 3KPaHHbIX TPYO nepes
CNOAMM MecyaHMKa Aaa noaydeHua Heobxoaumoro
KO/M4yecTBa NoA3eMHbIX BOA, UCMNOAb3yeMblX B Ce/lb-
CKOXO035IUCTBEHHOM AeATENIbHOCTH.

leonornyeckoe nonepeyHoe cevyeHne B2
(cm. puc. 4) — ogHo 13 12 nonepeyHbIX CeYEHWUI B Ha-
npaB/ieHUN ceBep —tor, NPOCTUPAETCA Ha 4 KM 1 NPOXo-
OMWT Yyepes NATb CKBAaXKUH C rPyHTOBbIMM Bogamu: 102R,
103R, 104R, 105R 1 106R c paccTtoAHMEM MeXAY HUMKN
OKO/NO 1 KMm.

3TOT NonepeyHbI paspe3 COAEPMKUT CKBAXKMHDI
c rpyHToBbIMM Bogamm 103R—106R (tabn. 1, cm. puc. 4).
OHW BCKPbIBAIOT BOLOHOCHbIE TOPU30HTbI HYOUIACKMX
necyaHMKOB BEPXHEro Mesla MU NPOHMKAKT B BbICTyNa-
oLme JoKkembpuiickne nopogbl. Haanumne nopog, dyH-
[AMEHTA NOATBEPKAEHO ONMcaHMem obpasLoB KepHa,
OTOGPaHHbIX B NpoLecce bypeHus.

PesynbTatbl, NpeacTaBneHHble Ha pwuc. 4, Noka-
3bIBAlOT FOPU3OHTA/IbHOE M BEPTUKAIbHOE pacnpese-
NleHve nuTocTpaTurpaduyeckmx cioes BOLOHOCHOTO
FTOPU30HTa B HaMpaB/JeHUN CEBeEp— T UCC/eayeMon
obnactn. Obwas rnybuHa cks. 102R gocturaet 300 m,
HO Apyrve CKBaXMHbl HE CMOFM AO0CTUYb 3TOW 3ana-
HMPOBAHHOW NYybUHbI M3-3a HanUuMa nopog eyHAa-
MEHTA: 3TO CYUTAETCA NAOXMM MeCcTomM ans BypeHus
CKBaXXMH C rPyHTOBbIMW BOZaMM, 4TO ByaeT NoKasaHo
Oanee.

MpocTpaHcTBEHHbIW aHaNAu3
pe3ynbTaToB MOAeNNpPOBaHUA

MakeT Petrel ucnonb3oBancs ana nocrpoeHuns 2D-
n 3D-BM3yann3aLniA CBOMCTB U XapaKTEPUCTUK BOAO-
HOCHOTO TOPU30HTa B paloHe uccnegoBaHuA. B yacT-
HOCTM, OH MO3BO/IU/I UCCIeA0BaATb B Npeaesiax ulyda-
emMol 061acTn cTaTUYeCKyto rybuHy BoAbl — OAMH U3
Hanbonee BaKHbIX GAKTOPOB, KOTOPbLIN MOXKET ObITb
NCNo/Ib30BaH Npu Bblbope Hauayywero mecrta gas oy-
PEHUA HOBbIX CKBAXKMH.

CornacHo pwc. 5 ctatnyeckas rnybuHa Bogbl B UC-
cnepyemoii 061acTv UMeeT 3HaUYUTe/IbHble Bapuauum
N CNIOXHYI0 KOHUrypaumio. Habatogaemblie nsmeHe-
HUA MMEOT MaKCMManbHble 3HayeHusa 38,6 m B ckB. 17R
B Oro-3anagHoun 4actm obnactn, MMHUMabHble 13,8 m
B ckB. 114R B ceBepo-BOCTOYHOM, B cpegHem 24,5 m.
MpeacrtaBneHHble TpexmepHaa Busyanusauma SWD
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N Habopbl ABYXMEPHbIX NOKa3bIBaOT, YTO NOTOK NOA-
3eMHbIX BoA, 06/1a4aeT 40CTaTOYHO BbIPaXKEHHbIM Ha-
npaB/IeHMEM C CEBEPO-BOCTOKA K Hanbonee rnybokum
Toykam SWD Ha toro-3anage.

HanpaBneHne nOTOKa rPyHTOBbIX BOA4 — OYEHb
BaYKHbIM 3KOIOrMYECKUI paKTop, onpesensitowmii Bbl-
60p Hannyywero mecta gns bypeHua ckBaxuH. CKBa-
KMHY cnegyeT pasmelaTb Ha MMHUMA/bHbIX 3HAYeHU-
AX CTaTUYEeCKOM rMybuHbI BOAbl, 4TOObI 3arpAsHeHue OT
Ntob0ro UCTOYHMKA NepemeLLanoch OT CKBaXKUHbI, @ He
B ee CTOpPOHY. Mo3Tomy nyylle pacnoNoKUTb CKBAXKM-
HYy BBEpPX MO CK/AOHY Ha HEOO/bLLOW CTaTUYECKOM rny-
6MHe BOAbl MO 3KOHOMMUYECKMM MPUYMHAM: OBbIYHO
ana 6onee rnyboKoro ypoBHA BOAbl BHYTPU CKBAXKUHbI
TpebyeTca 6onble Tpyb 1 6onee MOLHbIN NOrpy*KHOM
Hacoc A1 NoAbema BoAbl HAa MOBEPXHOCTb, YTO MOXKET
NPWBECTU K YA0POXKAHMIO A06bIUMN.

KombuHaumna TpexmepHOro BU3yasbHOro Moge-
JIMPOBAHUA IUTOCTPATUIPAadUUECKMX CIOEB U CTaTUYe-
CKOM rny6uHbI BoAbl (pUcC. 6) MOXKET 6bITb UCNO/Ib30BA-
Ha, YTOObI ONpeaeNnUTb HanpaBieHWe NOTOKa NoA3eM-
HbIX BOZ, KOHTPO/IMPYEMOrO MOA3EMHON CTPYKTYpPOW
W cTpatUrpadmyeckon nocnenoBaTesIbHOCTbIO CN0EB
BOLOHOCHOMO rOpM30HTa. B pailoHe wuccnepoBaHusA
HanpaB/iieHWe NOTOKAa MOA3EeMHbIX BOA W CTaTUYecKas
rnybuHa BOAbl 3aBUCAT OT CTPYKTYpbl OyHAAMEHTa
60/blUE, YEM OT U3MEHEHUS NUTOCTPATUTPADUYECKMX
CNOEB.

Hanpumep, B nonepe4yHom cevyeHunm B2
(cm. puc. 4), ocobeHHo Ha 3aboe ckB. 102R, MOXKHO
npeanonaraTb HasMumne pasoma B pyHAAMEHTE MENK-
Ay ckBaxkmHamm 102R 1 103R, nocKkonbky nopoapl dyH-
JaMeHTa noasnAatoTca B ckBaxkuHax 103R, 104R, 105R,
106R. 970 yKa3biBaeT, YTo B 06/1aCTN AAHHbIX CKBA*KWH
npousoLlen peskmn nogbem pyHaameHTa. nybuHa go
dyHOaMeHTa B CKBaXKMHax cocTtasasana 250, 240, 243
M 226 m cooTBeTcTBeHHO (cm. Tabn. 1). B cke. 102R
bypeHune npoaonKanoch 6e3 BCKpbITUA nopog dyHaa-
MeHTa o obuwei rmybuHbl 300 m. CnegoBaTtenibHO, 3TO
NoAHATME M OrPAHUYMBAIOLLMIA €ro npesnonaraembli
pa3ziomM NOBAUASM Ha HanpaB/iieHWE NOTOKa FPYHTOBbIX
Boa 1 SWD: 21,95 m B ckB. 106R B ceBepHOM Hanpas-
neHnn, 31,53 m B ckB. 102R B toXKHOM. TakMm obpasom,
B 4AHHOM MOMEepPeYHOM CEYEHUMN HaMnpPaBieHMe NOTOKa
CYMTAETCA HAMPaBNEHHbIM K FOTY OT BbICOKOIO YPOBHS
[0 camoi Hu3Koi rnybuHbl SWD B ckB. 102R, Ha KoTo-
Pyl BAMSIET YCTAHOBKA KOHCTPYKUMU. K coxkaneHuto,
Yy Hac HeaoCTAaTOYHO PEerMoHasibHbIX Fe0N0rMYEeCKUX
[OaHHbIX, YTODObl AeTafibHO OYepPTUTb BCE CTPYKTYPbI
B UCCAesyemoit obnactu.

Ewe oaHMM BaXKHbIM pe3yabTaToM, MONyYeH-
HbIM MOCPEACTBOM BbINOJIHEHHOTO MOAEANPOBAHWUA,
ABnseTcAa obLwan MOLLHOCTb BOAOHOCHOMO rOPU3OHTA
W ero cTpoeHue BO BceW obnactn uccnenosaHma. Itm
XapaKTepPUCTUKK, KaK 1 3HaveHne SWD, cywecTtBeHHO
B/IMAIOT Ha BbIOOP HaMyYLLEro y4acTka uamM mecta ans
6ypeHnA HOBbIX CKBaXKMH. LlenecoobpasHocTb Bbibopa
y4yacTKa BO3pacTaeT € yBesiyeHnem obLeli MOLLHOCTM
BOLOHOCHOIO FOPU30HTA, MOCKO/IbKY C/1I0OM MecyaHuKa

MOTYT CNYKUTb PE3EPBYapPOM FPYHTOBbIX BOA, U CHAb-
YKaTb €ro AOCTAaTOYHbIM KONNMYECTBOM BOAbI. ITO BAXKHO
ON5 JOCTUMKEHUA KOHKPETHOM LLeNN U NOSTyYEHUS KO-
HOMMYECKM 3HAUYMMOTO KONNYECTBA BOAbI U3 CKBAXKMHbI
C FPYHTOBbIMM BOZAMM.

YBennmyeHve TOALMHbI BOLOHOCHOFO FOPU30OHTA
[AeT BO3MOHOCTb YCTAHOBUTb 0OJblUe 3KPAHHbIX
Tpy6 (Hanpumep, aKkpaHa m3 MBX) BHYTPU CKBAXKMHbI
nepes, cI0AMU NecyaHUKa, KOTopble NPUBOAAT K Mo-
NIYYEHUIO TPYHTOBbIX BOJA, M3 COCEAHUX CNOEB nocie
dunbTpaLmm Bogbl rpaBUiMHOM HabuBKoM. B npouecce
npoBeseHUA UCCef0BaHNA COBOKYMHAA TOLWMHA BO-
[JOHOCHOTO rOPM30HTA NPEPbIBUCTbIX CI0EB NecYaHUKa
B KayKA0M M3 79 CKBAXKMH C rPYHTOBbIMM BOAaMM Obln1a
paccynTaHa Ha OCHOBE BCEX MOCTPOEHHbIX Pa3pesoB
W UHTErpmMpoBaHa B 6a3y reofaHHbIX.

CornacHo Mo/sy4YeHHbIM pe3ynbratam  06Lwan
MOLLHOCTb BOAOHOCHbIX C/IOEB B M3y4aeMOM paioHe
(puc. 7, a) konebnetca B ceBepo-3anagHOM Hanpase-
HuKM ot 269,48 m B cKB. 74R oo 184,00 m B ckB. 101R,
B cpeaHem cocTaBnsadA 232,26 m. 3HaunTenbHoe Koneba-
HWE MOLLHOCTN BOAOHOCHbIX C/I0eB 06BbACHAETCA U3Me-
HeHVeMm obLLel A/IMHbI CKBAXKMH, HA KOTOPYHO 3aMETHO
BAMAET NoaABAeHWe Nopoa PyHAAMEHTA B HUMKHEW YacTu
HEKOTOPbIX CKBAXKMH. Hanpumep, pe3koe ymeHblueHMe
TOJILLMHbI BCEro BOAOHOCHOIO FOPU30HTa NMPOUCXOAUT
B CeBepO-3anagHOM HanpasieHUn B cKkBaxKmMHax 101R
1 106R, 4TO CBA3AHO C YMEHbLUEHNEM ObOLLEeN UX ry-
61HbI M noasneHnem nopos GpyHaameHTa Ha 3aboe Ha
rnybuHax 238 1 226 M COOTBETCTBEHHO.

Mpn M3MEHEHNN COOTHOLLEHMA 0OLLEN MOLLHO-
CTM BOAOHOCHbIX C/0EB WM BOAOYMNopoB (cm. puc. 7)
cnefyeTr 0cobeHHO TWATeNbHO BbIOMPATb MJIOLLAAKY
ana bypeHus. HepgoctaTkamm BoAOYMNOPHbIX MAacToB
NpW NPOEKTUPOBAHUM CKBAXKUH ABAAIOTCA KBApLIEBbIE
MAacTbl, CHab}KalolMe CKBAXKUHY, U3 KOTOPbIX B Hee
nonazarT MesIKogucrnepcHble OTAoXKeHUsA. OHKU co
BpemeHeM MoOryT 610KMpoBaTb LWenn B 0b6cagHbIx
Tpybax aKpaHa, YTO NPUBEAET K UX PA3PYLLUEHMIO MO,
[aBNeHneMm.

Cyaa no pesynbTatam UcciefoBaHWi, 06-
LWas MOLLHOCTb BOAOYNOpa B M3y4yaeMOM pailoHe
(cm. puc. 7, 6) konebnetca ot 78,52 m B CKB. 26R g0
22,59 m B cKkB. 8R (B cpeaHem okono 43,90 m Ha Bceit
n3y4yaemoi TeppuTopun). YeBenmyeHmne ToNLWMHbI BOAO-
yrnopa YacTUYHO OO BACHAETCA YMEHbLUEHMEM MOLLHO-
CTV BOAOHOCHOIO rOpM30HTa U MOHWMMKEHMEM TOJLLMH
BOLOHOCHbIX C/10€EB.

Mpwn onpegeneHMn yvyacTKoB, T4e BbICOKA BEpoO-
ATHOCTb YCMELWHOro 6ypeHns CKBaXKUH C rPYHTOBbIMM
BOZaMM, HeobXxoAMMO yunTbiBaTb penbed GyHOaMeEH-
Ta (puc. 8). BraronpusaTHbIMM obnactTammn ana bypeHus
ABNAIOTCA Te, rAe BefMKa BO3MOMXKHOCTb YCMeLHOro
nonagaHua B BOAOHOCHbIE NAACTbl AN CUCTEMY BOAO-
HOCHOro ropusoHTa. lNpun 3TOM NycTo TpaTol Bpeme-
HW U OEHET, KaK Y»Ke 0TMeYanoch, cumTaeTca bypeHue
CKBa*XMHbI B MOpoaax GpyHAAMEHTa.

BbINno/sHEHHOE Mccaen0BaHWe NOKas3ano, Yto no-
poabl dyHAamMeHTa (cm. puc. 8) obHapy»KeHbl Ha 3aboe
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32 CKBaXKWMH C rPYHTOBbIMW BOAAMMW. ITO NOATBEPKAEHO
nyTem aHann3a 0b6pasuLoB KepHa, NoMyYeHHbIX B Npo-
Lecce bypeHua. Takum 06pasom, ecn cyLLecTBytolme
CKBa*KMHbI BbIAAYT U3 CTPOA, HACTOATE/IbHO He peKo-
MeHAayeTcs BypUTb KaKne-1nmbo CKBaXKMHbI BOM3M 3TUX
YYaCTKOB, TaK KaK NOBTOpPHOEe bypeHue byaeT SKOHOMMU-
YeCcKM HeBbIrOAHO.

MpoBeAeHHbIM aHaNM3 NoKasbIBaET, YTO rMy6uHa
6ypeHuna B n3yyaemoi obiactu Bapbumpyetca oT 306 m
B cKB. 23R g0 227 m B ckB. 106R (B cpegHem oKono
277 m). MNpu 3TOM YaCTO HEBO3MOMXKHOCTb AOCTUNKEHMUS
MaKCMMaJiIbHOM ryBuHbI OrPaHNYMBaNACb UMEHHO Mo-
ABNeHMeM nopos GyHAaMeHTa. YBeIMYeHMe e Hau-
6onbLiel rybuHbI 04EHb BAXKHO NO ABYM NPUYMHAM:
1) Heob6x0AMMO YCTAHOBUTb BEPXHUIN KOXKYX U3 OLMH-
KOBAHHOW CTa/i1, KOTOPbIA UCMONb3yeTcA ANA pa3me-
LLEHNA MOrPYyKHOro Hacoca ANA NOAbEMA FPYHTOBBIX
BOJA, Ha NOBEPXHOCTb; 2) cneayeT yCTAaHOBUTb 3KPaHU-
pytowme Tpybbl 13 MBX 1 rayxue Tpybbl 4OCTaTOUYHOM
ANVHbI Ansa 3abopa 60/1bWOro KoAnYecTsa rpyHTOBbIX
BOJ, KOTOPble MOXHO MCMO/b30BaTb B CE/IbCKOXO35 M-
CTBEHHOM AEeATENbHOCTM U B ObITOBbIX LLENAX.

AHanus pe3ynbratosB 3PPEeKTUBHOCTU CKBAXKUH

Onpeaenermne 3pEKTUBHOCTM CKBAXKMHbI C FPYH-
TOBbIMW BOAAMM BAXKHO, TAK KaK OHO MOKa3bIBAET, Ha-
CKO/IbKO CBOOOAHO CKBA*KMHA NO3BOJIAET MPYHTOBbIM
BOAAM MPOXOANTb Yepe3 IKPAH CKBAXKMHbI (Hanpumep,
13 MNBX) nnu nepdopaumnoHHblie otBepcTma. IbdeKTns-
HOCTb OTKauYMBAEMOM CKBA*KMHbI PAcCYMTLIBAETCS Kak
OTHOLLEHME NaMMHAPHOW MoTepu Hanopa (notepu Bo-
[JOHOCHOTO ropM3oHTa) K oblel noTepe Hanopa [11,
18]. 3¢eKTMBHOCTb HACOCHOWM CKBaKMHbI BblparkaeT
B3aMMOCBA3b MeXAy TEOpPeTMYecKol aenpeccuen 3a
npeaenamm CKBaXKMHbl U aKkTUYECKoW/n3mepeHHowm
Aenpeccuent BHYTPU CKBa*KWHbl [6]. CnepgoBaTesibHO,
3P PEKTUBHOCTb CKBaXKMHbI MOXKET ObITb onpeaeneHa
nyTeM aHa/n3a UCMbITaHWMIA CTYNeH4YaTon Aenpeccum,
KOTOpble BbIMNOAHAOTCA BHYTPM CTBOMA CKBAXKMHbI Ha
nocnegHem atane 6ypeHus 6e3 MCNOAb30BaHUA KOH-
TPONbHbIX CKBA*KUH. IPPEKTUBHOCTb MOXKHO pPaccyu-
TaTb NO CAeAyoLWEeMY YPaBHEHUIO:

KMA ckeaxuHbl (%) = BQ/(BQ + CQ?) - 100,

roe (BQ) — noTeps BOAOHOCHOMO rOPU30OHTa UK Na-
MWHapHana notepa Hanopa, m; CQ* — notepa aasneHUn
B CKBaXXWHe Uan TypbyneHTHas noTepsa Hanopa, m;
BQ + CQ? — obuw,an notepa Hanopa, m; Q — pacxoz,
BOAbI, M3/4.

B HacTosiwem wuccnegoBaHun 3¢PEKTUBHOCTb
(puc. 9, a) 6blna onpeaeneHa Ana BCeX aHANAU3Upye-
MbIX CKBA)KWMH C FPYHTOBbIMW BOAAMM B M3y4aemMOMm
palioHe C NpMMEHEHNEM YKa3aHHOro ypaBHeHus. bes-
OnacHbIN AebuT A1A 60NbLUMHCTBA CKBAXKWH C MoA3eM-
HbIMM BOAAMM B palioHe MCCAefoBaHUA AOCTUraeTca
npu Q =250 m3/4 (RIGW, 2008). KM, cKBaKMHbI AOCTUT
MaKCMManbHoOro 3Hayenma 95,91 % B ckB. 66R; MUHU-
MasnbHbl 3HaveHua KNA 3,85, 8,76, 9,91, 16,67, 20,56,
25,74, 29,91, 38,27 % B cKBarkMHax 63R, 96R, 65R,

leonozus u MuHepasnbHo-cbipbessle pecypcsl Cubupu — 2022, no. 4 — Geology and mineral resources of Siberia

104R, 101R, 77R, 33R n 21R cooTBeTcTBEHHO. CTO/b
HU3KME 3HauYeHUAa 3PPEeKTUBHOCTU 0OBACHAIOTCA NO-
CNeacTBUAMM HEAOCTaTOYHOrO OCBOEHUS CKBaXKMHbI
WIN HECOOTBETCTBYHOLLLETO €€ NPOEKTUPOBAHUSA U CTPO-
UTeNbCTBa. TakKMM 06pa3om, 3TO MOXKET NPUBECTU K OT-
Kasy MUK NONIOMKE CKBA*KMH BCKOPE Moc/ie CTPOUTENb-
CTBa, KaK OMMCaHO B MEPBOM pasgesie CTaTbMm.

BTOpbiM BaXHbIM MOMEHTOM, XapaKTepusyto-
Wwmm 30GEKTUBHOCTb CKBAXKMH, ABNSETCA CONEHOCTb
BOAbI MM 0DLLLEe KONNMYECTBO PACTBOPEHHbIX TBEPAbIX
BeLlecTs. OHM MOTYT Cepbe3HO NOBAMATb HA CE/IbCKO-
XO35INCTBEHHbIE MPOEKTbl U ObITOBbIE LE/N, KOTopble
6yayT onpeaeneHbl B 3aBUCMMOCTM OT PECYPCOB FPyH-
TOBbIX BOA,

Obuiee KOIMYECTBO PACTBOPEHHbIX TBEPAbIX BeE-
wects (TDS) — 370 0bLLEE KONMYECTBO OpPraHUYECKUX
N HEeOpPraHWYeCcKUX MaTepmanoB B pacTBope, CoAepKa-
wemca B npobe Boabl. 060 cncTemy KnaccudmKa-
LM NOA3EMHbIX BOZ, OCHOBaHHYIO Ha 06LLem Konuye-
CTBE PaCcTBOPEHHbIX TBEPAbIX BELLECTB, MOXKHO ONMCaTb
Mo YeTbIPeM Kaaccam, NpuBeaeHHbIM B Tab. 2.

Tabnuuya 2
Knaccudukaums soabl Ha ocHose TDS [10]
Knaccudpukaums TDS, mr/n
MpecHan Boaa 0-1000
ConoHoBaTtana BoAa 1000-10000
ConeHas Boga 10000-100000
Paccon >100000

B paioHe uccnegosaHma obLiee KoAMYeCcTBo pac-
TBOPEHHbIX TBEPAbIX BELLECTB (cM. puc. 9, 6) Konebnet-
csa o1 690 mr/n B cks. 74R 0o 230 mr/n B cks. 67R. Cne-
[oBaTeNlbHO, HAa OCHOBaHMK NpuBeAeHHOW B Taba. 2
Knaccudukaumnm n knaccndurkaumm Yebortapesa no co-
neHoctn [3], nog3emHble BoAbl B palioHe uccnenosa-
HUS OTHOCATCA K MPECHbIM, TaK Kak coAepKaHune conemn
Konebnetca ot 0 go 1000 mr/n.

BbiBOADI

B pamkax BbIMOJIHEHHOIO UCCNEA0BAHUA MOKa-
3aHO, YTO KOMbuHauua 3D moaenu u onpeaeneHue
nUTocTpaTUrpaduUUeckmnx cioes co CBOMCTBAMM BOAO-
HOCHOTO FOPM30HTa AaeT Nydllee NOHUMAHUEe CUcTe-
Mbl BOLOHOCHOIO FOPM30OHTa B M3y4YaeMOM panoHe
N MOXKET NOMOYb NPU NPUHATUM PA3TNYHbBIX PELLEHWN,
KacatoLwmxcsa pa3paboTkM BoAHbIX pecypcos. Onpese-
NiAemble CBOMCTBA WM XapaKTEPUCTUKU BOJOHOCHOTO
rOPW30HTa BKIKOYAKOT CTAaTMYECKYHO IyOUHY BOAbl, 06-
LLYHO MOLLLHOCTb BOAOHOCHOMO rOPU30HTA M BOAOYMNO-
poB, rybuHy go dyHAameHTa, KoadPpuumeHTbl NoTepb
BOAOHOCHOIO ropu30oHTa U CKBaXWH, KM/ CKBa*KUHbI
n obwyto BennymHy TDS. Hanpumep, yBennyeHme ob-
el MOLLHOCTM BOAOHOCHOTO FOpM30HTa (Hanpumep,
C/NI0€eB NecYaHmKa) 1 HernyboKme ctaTuyeckue rMybuHbl
BOAbI CYMTAOTCA SIYHLLMM MECTOM A/1A BypeHma HOBbIX
CKBakuH. bonee TOro, ropn3oHTanbHOE M BEPTUKA/b-
Hoe pacnpeaeneHve AMTodaLLMN MOXKET NOMOYb OLLe-
HUTb HE TOJIbKO KOHCTPYKLMIO CKBAaXKMHbI, HO W1 Npa-
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BU/IbHOCTb PA3MELLEHUA IKPAHUPYIOLWMX U TAYXUX
Tpyb B ee cTBO/E.

OcCHOBbIBaACh Ha pe3ybTaTax HAaCTOALLEro uccne-
[0BaHMA HACTOATENbHO He pekomeHayeTcs bypeHue
CKBAXXWH C rPYHTOBbIMM BOAAMU PALOM C 32 CKBAXKU-
HaMM, NOKa3aHHbIMM Ha puC. 8, JaXKe ecIn OHU Bbll-
AyT U3 CTPOA, MOCKOAbKY 34ecCb nopoabl dyHAAMEHTA
BCTPEYAOTCA B HUMKHEN YACTU CKBAYKMH, YTO MOATBEPIK-
[aeTca KapTMpoBaHMEeM BbIXOAOB Nopod, dyHAaMeHTa
B M3y4YaemMom palioHe.

O6HapyrKeHHoe B pe3y/bTaTe NPoBeAeHHOro Uc-
CNefoBaHUA CHUMKeHMe 3HaveHuin KM ckBaxkuH 21R,
33R, 63R, 65R, 77R, 96R, 101R, 104R cBuaetenscreyeT
0 KpalHel HeobXxoAMMOCTHM BbIMOAHUTbL 3Tan paspaboT-
KM C MCNO/Ib30BaHMEM BO34yxXa 1 3Tan pa3paboTKu Ha-
coca, YTobbl NOBbICUTb 3PPEKTUBHOCTb CKBAXKMH U CO
BpemeHeMm M3bexkaTb UX paspyLleHMa UAK BbiIXoga U3
cTpon [14], noToMy YTO yKa3aHHble 3Tanbl pa3paboTKu
CKBaXKMHbI CYNTAIOTCA NPOLLEAYPOM, MCNONb3yeEMON ANA
MaKCMManbHOro yBennyeHus ee aebuta. OHU TaKKe

30 PEeKTUBHDbI 4717 UCNPABAEHUA NOBPEKAEHUN, HaHe-
CEHHbIX MNAcTy B pe3ynbrate bypeHus, U U3MEHEeHUn
bU3NYECKMX XapaKTEPUCTUK BOAOHOCHOIO ropM30HTa
B6/M3M CTBOMA CKBaXKMHbI NS YAYYLLIEHUS NMPUTOKA
rPYHTOBbIX BOA, K CKBaXKMHE U NOBbILEHNs obbema oT-
KauMBaeMoW BOAbl U3 CYLLECTBYIOLLMX CKBAXKMH.
Uccnedosamens Axmed Inb-Mecenxu puHaHcupy-
emcs 3a cdem cmuneHduu Ne EGY 6827/19 e pamkax co-
emecmHol ucrnosHumesnsHol npoepammel MuHucmep-
cmea ebicwez2o0 0b6pazosaHus Apabckoli Pecnybauku
Eeunem u MuHucmepcmea HayKu u 8biclie20 06pa3osa-
Hus Pocculickoli @edepayuu. Aemopesl 6510200apHbI Ka-
hedpe eeopusuxu Hosocubupckoeo 20cyo0apcmeeHHO20
yHUBepcumema 3a 803MOXHOCMb MPo8oOUMb uccrie-
0osaHus Ha baze nabopamopuu, ocHauwjeHHol nocseo-
Heli sepcueli npoepammHozo obecrieyeHus Petrel. Takxce
OHU b6s10200apHbI KOMMaHUU Schlumberger 3a npedo-
cmasneHHyo A. Inb-Mecenxu 803MOHOCMb npolimu
HEeCKOIbKO OHAQUH-KYPCO8 Mo U3YYEHUIO U MPAKMuUKe
pabomei ¢ npoepammHbiM obecrieyeHuem Petrel.

© A. 3nb-Mecenxu, I. M. MutpodaHos, 2022

84 leonozua u MUHepanbHO-cbipbessblie pecypcsl Cubupu — 2022, Ne 4 — Geology and mineral resources of Siberia



