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Abstract
Introduction. Prior to development, a potential subsoil user is to pass a number of mandatory
procedures: reconciliation and geological data collection, processing and analysis.
The subsoil user collects information on the geology, composition of rocks, tectonic
features of the area, the presence of minerals, and other important characteristics obtained
through geological surveys, aerial photography, well drilling, etc. It is at the initial stage of
a mining enterprise that all the data obtained are to be thoroughly analyzed, since mistakes
made when forming a license for the right to use subsurface mineral resources can result
in serious economic problems that the enterprise might face. At present, the development of
methods for express assessment of design solutions remains relevant.
Methods of research. To develop methods for express assessment for open-pit design in GIS of
conservation area assets of the Sverdlovsk region, regulatory and technical literature, as well
as the experience of mining enterprises design using GIS was analyzed.
Results. Based on the analysis, solutions were proposed to improve the existing GIS.
The solutions make it possible to prepare documents that meet legal requirements and ensure the
economic efficiency of mining enterprises.
Conclusions and application of research results. The proposed solutions employed when
forming a license for the right to use subsurface mineral resources will allow for a step-
by-step update of data as well as initial technical solutions for mining and environmental
restrictions at the stage of technical design assignment development, which has a significant
impact on the future of an enterprise.

Keywords: GIS data; license, subsoil user; subsoil assets manager; designated conservation
areas, geographic information system; GIS.

Introduction. Prior to development, a potential subsoil user is to pass a number of
mandatory procedures: reconciliation and geological data collection, processing, and
analysis. Geologic data, or geodata, is coordinated information about the geographic
space, or geospace, and its elements that is presented in a digital computer-perceived
form and is the source material for geospace modeling [1].

The main law governing this procedure is the Law of the Russian Federation
No. 2395-1 of February 21, 1992 (latest revision), On Subsoil Resources. It states that
““... the use of the certain areas of the subsoil may be limited or prohibited to support national
defense and state security, sustainable use and protection of subsoil, and environmental
protection”, “the use of subsoil in the territories of populated areas and zones with
designated conservation areas may be limited or prohibited in cases where such use
may endanger life and health of the population, threaten environmental protection and
the safety of buildings and structures, including the safety of mine workings, boreholes,
and other structures involved in the subsoil use”.
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Some subsoil areas are located in designated conservation areas, (Federal Law
No. 33-FZ of March, 1995 (latest revision), On Designated Conservation Areas),
territories of the Ministry of Defense or Russia’s Federal Security Service (FSB), local
designated conservation areas, etc., therefore cannot be developed.

When developing design documentation for open-pit mining, inaccuracies made
during the formation of the license scope (Table 1, stage 1) often limit the development
of part of the deposit. Such inaccuracies include incorrect or insufficient geodata about
the location of the asset. GIS data required at various stages of a mine’s life are shown
in Table 1.

Table 1. Geodata required at different stages of life of a mining enterprise (by the example
of the Sverdlovsk region)
Taomuma 1. Ieomndopmanus, HeodXoauMasi HAa Pa3HBIX ITANax SKU3HH TOPHOTO TPeINPHSITHS
(Ha mpumepe CBepAJIOBCKOIi 00,1aCTH)

A stage of life of an enterprise Required geodata

1. Formation of a license scope Data from the Ministry of Natural Resources and Ecology
of a deposit of the Russian Federation

Data from the Ministry of Natural Resources and Ecology
of the Sverdlovsk Region

Data from the Federal Security Service of the Russian Federation
(FSB)

Data from the Ministry of Internal Affairs of the Russian
Federation

Data from local Designated Conservation Areas

2. Formation of design Technical design assignment
documentation Data on the presence of animal burial at the site of the deposit
Data on the presence of burials

Data on the presence/absence of designated conservation areas
of local and federal significance

Data on the indigenous peoples settlement
3. Formation of a mine allotment
4. Mine development in accordance with the license agreement and the approved documentation

For example, when preparing the Technical Design Document for the Development
of the Nikitinsky Carbonate Rock Deposit, it was established that part of the mineral
reserves included in the license scope were located in the water protection zone. To solve
this problem, the subsoil user additionally developed the Program for the Engineering
and Environmental Survey to Assess the Impact the Opencasting of the Nikitinsky
Carbonate Rock Deposit to the Horizon of +220 m (in the Conditional Height System)
Has on the Natural Environment Elements. The Program’s development is certainly an
additional financial burden for the enterprise.

Another example is the Technical Design Document for the Development of
Limestone, Loam and Sand-Gravel-Clay Rocks of the Rogozinsky Open Pit. When
preparing the document, it was revealed that the reserves specified in the license for the
right to use subsurface mineral resources were outside the license scope. To resolve
the issue, the subsoil user had to correct a technical error in the license agreement. Such
circumstances might negatively affect the economy of enterprises with low capacities.

The situations described can be prevented at stage 1 and thus minimize the economic
and labor costs of mining enterprises.
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It should be taken into account that it takes from two to six months to develop
design documentation for such enterprises and often requires urgent replenishment of
the mineral resource base of the operating enterprise and fulfillment of the regulatory
authorities’ requirements. When developing the documentation, the following aspects
are of particular importance: high quality of the project, high accuracy and reliability
of the mining and geometric calculation results, diverse design solutions, terms of
design documentation examination, and the terms of clarification of factors that impose
restrictions on mining

Relevance. Considering the above, it is relevant to develop geodata express
assessment methods that can shorten the decision-making process to guarantee the most
efficient deposit development and ensure the generation of several mining options and
their effective assessment.

Methods of research. To perform a high-quality express assessment, modern design
technologies are to be used, including GIS modeling of mining facilities [2, 3]. Such
GIS data analysis obtained at stage 1 can ensure the fullest development of the deposit
as well as the preservation of the environment.

Technical and regulatory documentation for low-capacity enterprise design
and literature on GIS were analyzed to develop the express assessment methods.
The experience of working in existing GIS and in the sphere of design was also
studied [4, 5].

Automating the routine and repetitive problem-solving process makes it possible
to reduce the time of their implementation during the life of a mining enterprise, from
the license scope formation to reporting documentation and mining reclamation and
closure plans [6, 7]. Analysis of the practice of computer-aided design and work in
administration shows that data automation tools allow to reduce labor costs by 20-30%
keeping the quality of the end result [8, 9].

At present, the use of GIS in mining allows the in-depth study of huge amounts
of data that impose restrictions, and these data determine the end result [10, 11]. Such
data may include the following information: properties and quality characteristics of
the claimed asset; technical-technological and environmental restrictions; economic
restrictions; restrictions related to historical and cultural heritage; restrictions related to
areas conservation [12, 13].

In 2023, the departmental information system Subsoil Use of the Sverdlovsk
Region (hereinafter referred to as the System) was formed, which is “a set of
interacting basic supporting and functional subsystems of subject areas, as well as
a departmental segment, each designed to perform a given set of functional tasks”
(Resolution of the Government of the Sverdlovsk Region No. 977-PP of December
27, 2022, On the information system for socio-economic development monitoring
in the Sverdlovsk Region, Resolution of the Government of the Sverdlovsk Region
No. 699-PP of October 03, 2024, Amendments to the Resolution of the Government of
the Sverdlovsk Region No. 977-PP of December 27, 2022, On the information system
for socio-economic development monitoring in the Sverdlovsk Region).

The structure of the System involves solving simple problems under given conditions:

— creating information about the applicant;

— creating an interdepartmental request;

— making a decision on the application;

— preparing a draft list of subsoil areas of local significance provided for use;
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— making a decision on approving the draft list;

— generating an order to include the area in the list;

— generating a notification of refusal to consider the application.

The structure and procedure for its operation are outlined in Figure 1.

The System is based on cartographic data and coordinate data arrays characterizing
the boundaries of the described assets and territories. It includes information on the
presence/absence of information on the deposit of common minerals at given coordinates,
as well as data on existing restrictions for the deposit development from the point of
view of environmental legislation.

Application
Ministry of Natural Resources and Ecology of the Sverdlovsk Region
\ 4
Inquiry
Ministry of Natural Resources and Ecology of the Russian Federation
v
Solution Local designated conservation areas
Notification/order

Figure 1. The structure of inquiry processing in the system Subsoil Use of the Sverdlovsk Region
Pucynok 1. Ctpykrypa oTpabotku 3amnpoca B cucteme «Henpononb3oBanue CBepaIoBCKON 00IacTh

Based on the request and analysis, a decision is formed, which specifies information
about the claimed asset, as well as the contour of the proposed deposit to include in the
list, taking into account the analyzed restrictions provided by the departments.

Based on the formed decision, an Order to include the site in the list of subsoil sites
is created, or a justified refusal based on the identified restrictions is created.

At the moment, the System does not include GIS data from all departments affecting
the formation of the license scope; it also does not include all the main terms of the
license for the right to use subsurface mineral resource. For example, information on
the presence/absence of deposits of federal significance, information on restrictions
from the Ministry of Defense and FSB, information on cultural heritage sites, etc. is not
included.

The above mentioned may be the reason for delayed deadlines for making
decisions in the field of subsoil use, which can be critical for enterprises with
low capacities.

Results. Based on the analysis of regulatory and technical literature, as well as the
experience of designing mining enterprises, solutions have been developed that make it
possible to develop methods for express assessment in the open-pit design and improve
GIS of conservation area assets of the Sverdlovsk region. This will allow, when forming
a license for the right to use subsoil, a step-by-step update of data as well as initial
technical solutions for mining and environmental restrictions at the stage of technical
design assignment development.
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To improve the current situation in designing enterprises with low capacities, GIS
data from various departments should be added to the System to provide an integrated
presentation of information and restrictions on cartographic material.

Firstly, layers and departments should be added to the System, whose data and
decisions significantly affect the final decision, such as FSB and the Ministry of Defense.

Secondly, it is essential to add information on the presence or absence of:

— designated conservation areas of regional significance within the licensed area;

— designated conservation areas of local significance within the licensed area;

— cultural heritage sites of local significance within the licensed area;

— cultural heritage sites within the licensed area.
Service 1 Data for Data for Service 3
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Figure 2. The scheme for the formation and interrelation of departments when using the system Subsoil
Use of the Sverdlovsk Region
Pucynok 2. Cxema (HOpMHpPOBaHHS ¥ B3aMMOCBSI3H BEIOMCTB IPU HCIOJIBb30BAHHU CHCTEMBI
«Henpononp3oBarne CBepATOBCKON 00IaCTH

Service 2
(originator)

Thirdly, the System interface is to be supplemented with the appropriate layers and
legend, coordinates in the State Coordinate System of 2011 (the GSK-2011) and in
the local coordinate system.

The listed updates will ensure the display of more accurate information on the
existing restrictions for the land use in the requested area when forming an application,
which will have a significant economic, environmental and technical impact.
With the addition of more information, it will be possible to use the System in other areas,
for example, tourism development and landscape parks formation in the Sverdlovsk
region [14, 15].

The proposed scheme for the formation and interrelation of departments when using
the System is shown in Figure 2.

Conclusions and application of the results. Solutions are proposed to improve
the environment of GIS of conservation area assets of Sverdlovsk region, which make
it possible to prepare documentation that meets the legal requirements and economic
efficiency of mining enterprises.

The information system Subsoil Use of the Sverdlovsk Region updated based on
the proposed solutions will allow for a step-by-step update of data, initial technical
solutions for development, and environmental restrictions at the stage of
technical design assignment development, which has a significant impact on the future
of the enterprise.
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OnbIT IpUMeHeHHs 3JIEeMEHTOB FreOMH(POPMALMOHHOI CHCTEeMbI OXPAHsIeMbIX
TEPPUTOPHUI IPH MPOEKTUPOBAHUHU OTKPHITOI pa3padoTKu

Iedos U. A.!, Illa6anosa B. A.2
! UucrutyT ropuoro gena YpO PAH, ExarepunOypr, Poccust.
? YpasbCKuii rocyiapcTBeHHbIN TopHBIil yHuBepcutet, ExarepunOypr, Poccust.

Pechepam
Beeoenue. Ilpesicoe uem npucmynums K OCBOCHUIO MeCMOPOICOCHUs, NOMEHYUATbHbLU
HeOpononb306ameny 00s3aH NPOUmMU uepes pso 0013amelbHbIX NPoYedyp. Co2nacosanue, coop,
0bpabomky u aHanuz eeonocudeckux Oanuvix. Hedpononvzoeamenv cobupaem ceedenus o
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2€01102UHeCKOM CIMPOEHUU, COCIABEe 2OPHBIX NOPOO, MEKMOHUYECKUX 0COOEHHOCMAX MECHHOCU,
HAAUYUU NONE3HBIX UCKONAEMBIX U OPY2UX BANCHBIX XAPAKINEPUCMUKAX, KOTNOpble MO2ym Oblimb
NOMYYeHbl 8 pe3yibmame 2e0102UHECKUX UCCIe008aHUT, aIPOPOMOCHEMKY, OYPEHUs CKEANCUH U
opyeumu memoodamu. menno Ha HauanoHOM 3mane pabomsi 20pHO00DBIEAIOW €20 NPEONPUSIMUS
HeoOX00uUMO npoeecmu MujamenbHblll AHATU3 6CeX NOJYYEHHIX OAHHLIX, MAK KAK OWUOKU,
oonyuennvle npu QopMUPOSAHULU TUYEH3UU HA NPABO NOTb30BAHUS HEOPAMU, MO2YN NPUBECU
K Cepbe3sHbIM IKOHOMUUECKUM Nnpodnemam 01s npeonpusamus. B nacmoswee epema ocmaemcs
AKMYAIbHLIM 60NPOC O pa3padomKe MemoOux, NO3GONAIOWUX NPOUIEOOUN DKCHPECC-OYEHKY
NPOEKMHBIX peuteHul.

Memoowt uccnedosanusn. /[ns pazpabomru MemoouKy IKCNpecc-oyeHKu npu npoeKmuposanuu
Kapbepos 6 cpede 2eouHDOPMAYUOHHOU cucmembl OXpausemvlx 00vexmos Ceeponosckoil
obnacmu npogedeH aHAIU3 HOPMAMUSHOU U MEXHUYECKOU JUMmepamypul, a Makxice Onbimd
NPOEKMUPOBAHUA 2OPHBIX NPEONPUAMULL ¢ NOMOWYBIO 2COUHPOPMAYUOHHBIX CUCTHEM.
Pesynomamuvl. Ha 6asze nposedennozo amanuza npeonazaromcsa peuwienus no  YIyduleHuio
cywecmeyioujeli 2e0UHGOPMAYUOHHOU CUCTEMDbI, NO3ONAIOUUE COCABIAMNG OOKYMEHMAYUIO,
YO0B8I1EMBOPAIOULYIO MPEDOBANUAM 3AKOHOOAMENbCMEA, A MAKJ1ce 00eCNeUUsamy IKOHOMUUECKYIO
apexmusHOCmMb 20PHBIX NPEONnPUSMULL.

Boieoost u  oonacme npumenenusn. Hcnonvzosanue — npeonasaemMuix — peuleHuli  npu
Qopmuposanuy TUYeH3UU HA NPABo NOAL30BAHUS HEOPAMU NO3GOAUM NOIMANHO YMOYHAMb
Oannvie, npedsapumenvbHvle MEXHUUECKUe pewleHus no  OmpadomKe MeCmOPOHCOEHUs
U NPUPOOOOXpanHble O0SPAHUYEeHUs HA CMaouu paspabomku MexHuyeckozo 3a0anus Ha
npoekmuposaniie, 4mo oKa3vleaem sHauumenIbHoe GIUAHUE Ha OATbHEUYI0 CyObOy Npeonpusmus.

Kniouesvie  cnoea:  ceounopmayuonnvie  Oamnvle,  IUYEH3UA;  HEOPONONLIOBAMENb,
pacnopaoumens Heop; 0cobo oxpansemvie meppumopui; ceoungopmayuonnasn cucmema, I HC.
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