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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. The article analyzes existing methodologies for determining the
boundaries of exclusion zones around nuclear power plants (NPPs), with a focus
on radiation safety criteria established by the International Atomic Energy Agency
(IAEA). International experience gained from the Chernobyl and Fukushima NPP
accidents, as well as studies conducted at the Semipalatinsk nuclear test site, is
reviewed.

Special attention is given to the application of geographic information systems
(GIS) and the Google Earth Engine platform for the analysis, modeling, and
visualization of exclusion zones in accordance with the zoning principles applied
after the Fukushima NPP accident. The paper presents calculations based on
geospatial data and exclusion zone radii recommended by the TAEA. The advantages
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of using GIS and remote sensing technologies for accurate boundary delineation,
radiation risk assessment, and decision-making support are demonstrated.

In the context of the Republic of Kazakhstan, where the rational use of mineral
resources is a priority of the national economy, the study emphasizes the need to
ensure environmental and industrial safety within the impact zones of proposed
NPP construction sites. Particular attention is paid to the protection of strategically
important mineral deposits, including the Akbakay gold-bearing zone located near
the planned NPP site.

The article presents the results of geodetic monitoring of surface deformation
processes and the zoning of radiation-contaminated lands with the determination of
their cadastral value.

The scientific novelty lies in the proposed method for creating a geodynamic
polygon that enables effective control of land deformation dynamics and adjustment
of land valuation depending on the level of radiation contamination.

The practical significance of the method is confirmed by its application in the
dissertation research of master’s and doctoral students at K.I. Satbayev Kazakh
National Research Technical University.

Keywords: NPP, Akbakay deposit, radiation safety, industrial safety,
environmental safety, radiation contamination zone, exclusion boundary
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AnHoTanus. Makanaga atom snekTp cranuusuiapbl (ADC) aliHanmachbIHIAFbI
OKIIaynay  alMakTapblHBIH  [IEKapalapblH  aHBIKTAYIbIH  KOJJAHBICTAFbI
onmictemenepi XalblKapalblK aroM sHeprusichl areHTTiri (MAIATD) ycwiHFaH
panuanMsIIbIK Kayinci3mik KpUTepuiliepi TYpPFhICHIHAH TanfgaHaabl. YepHOOBUIb
xoHe Oykycuma ADC-TepiHzeri anartapfaH KeHiH KWHAKTaJFaH XalbIKapalbIK
TOXipuOe, connaii-ak Cemell ApOIBIK CHIHAK TIOJIMTOHBI ayMarbIH/a KYPri3iiren
3eprTeyaep KapacThIPbIIFaH.

l'eoaknapartsik xyienepai (IAX) xone Google Earth Engine nnargopmacein
nainananyapkeuibl Dykycuma ADC-iHieri anaTTan KeliH KO JaHbUTFaH allMaKTapra
Oesly KarujaTTapblHa COMKeC OKLIaylay aliMaKTapblH Taiujay, MOAEJbICY JKOHE
BU3yaJHM3alysIIay Maceseepine epekiie Hazap aygapeiirad. Makanaga MATATO
YCBIHFaH OKMIaylay aiMaKTapbIHBIH paJnycTapbl MEH T'€OKCHICTIKTIK AepeKTep
HeTi3iHAe opbliHganran ecenteyiep kentipinredn. [AX sxone Xepai kambikran
30HITAYy TEXHOJOTHSIIAPBIH KOJJIAHYIBIH paJualsiIbIK ToyeKenaepai Oaramay,
OKIIaynay alMaKTapblHBbIH IIeKapajiapblH A9 aHBIKTAy JKOHE OacKapylIbUIBIK
mrenriMaep Kadbuiaay THIMAUTITIH apTThIPYAarkl apTHIKIIBUIBIKTAPBl KOPCETIITEH.

Kazakcran PecrnyOnukacsl karnaiiblHaa, MUHEPAIIBIK-IIHKI3aT pecypcTapbiH
YTBIMJIBI MAiIaaHy YITTBIK SKOHOMHKAHBIH 0achiM OarbITTapbIHBIH Oipi OOJBII
TaOBUIATBIHIBIKTAH, 00JIalIaKTa CaNbIHy b )kocapiaanran ADC anaHaapbIHbIH dcep
eTy aiiMakTapblHJa SKOJOTHSJIBIK KOHE OHEPKOCINTIK KayilCi3MiKTi KaMTaMachl3
eTy KaKeTTLIIri aran eTijeni. Ocipece xxocnapiaanran ADC KypbUIbICH aiMarbIHa
YKaKbIH OpHaJlacKaH AKOaKai anThlH KeH OPHBI CHAKTBI CTPAaTETUSUIBIK MaHbI3bI Oap
nainansl Ka30a KeH OpBIHIAPbIH KOpFay MaceneciHe KOH1I OeIiHTeH.

Maxkanana oxep OeTiHiH neOpMaIMsUIBIK — YASPICTEPIH  TI'eOAC3HSUIBIK
MOHUTOPUHITEY JKOHE paJualMsUIbIK JIaCTaHFaH >Kepiepil ayJaHIacThIpy
HOTHXXeJIepi, COHai-aK oJNapblH KaJacTPIbIK KYHBIH aHBIKTAY YCHIHBUIFaH.

FoutbiMu skaHANBIFBI paHallsUIBIK JIACTAHY JIeHIeHiHe OaliIaHbICThI JKepIepaiH
OarachlH Ty3eTyTe XoHe IeopMalysi AMHAMHUKACHIH THIM/I1 OaKblIayFa MYMKIHZIIK
OepeTiH reoIMHAMUKANBIK ITOJUTOH KYPY 9IICiH YCBIHY OOJIBIT TaObLIadbI.

¥YCBIHBUIFAH ONICTIH TPaKTHKAJbIK MaHb3AbUIbIFEl OHBIH K.M. Corbaes
areiHAarbl Kazak YITTHIK TEXHUKAJBIK 3€PTTEY YHUBEPCUTETIHIH MATUCTPAHTTAPhI
MEH JOKTOPAHTTApBIHBIH JAWUCCEPTALMSIIBIK >KYMBICTAPbIHIA KOJNJAHBUTYbIMEH
pacranajsl.
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Tyiiin ce3gep: ADC, AxOakail KeH OpHBI, PaTUAIHSUTBIK KaYITICI3AiK, OHIIPICTIK
KayiIci3/liK, SKOJIOTHSUIBIK KaYilCI3/IiK, paualusuIblK JIACTAaHY aliMak, Kayirci3/ik
aliMarel
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AHHoTamus. B craree aHanmM3MpylOTCAd CYIIECTBYIOIIME METOAOJIOTHU
OIIpEIeNICHNs] TPAHUIL 30H OTUYKICHHSI BOKPYT aTOMHBIX deKTpoctaniuii (ADC)
C AaKIEHTOM Ha KpPUTEPHH paJWallMOHHOW OE30MaCHOCTH, PEKOMEH/IOBAaHHBIE
MexXayHapoaHBIM ~ areHTCTBOM 1o atomMHOoi  sHeprun  (MATATD).
PaccmarpuBaroTcst MeKAyHapOIHBIH OIBIT, MMOJYYEHHBIH B pe3yibTare aBapuil
Ha YepHoObuibckol 1 Dykycumckoir ADC, a Takke pe3ysbTaThl UCCIEOBAHUIMA,
BBINIOJIHEHHBIX Ha Teppuropuu CeMHUNAJaTHUHCKOIO SIIEPHOTO  ITOJIUTOHA.
Ocoboe BHMMaHHWE YyhenseTcs NPUMEHEHHIO TeOMH()OPMAIMOHHBIX CHCTEM
(T'C) n mnardopmbr Google Earth Engine nns ananmza, monmenupoBaHus U
BHU3yaJIN3allMU 30H OTYYKJEHHMsS B COOTBETCTBUM C NPUHLIMIIAMU 30HUPOBAHUSA,
HCIOIB30BaHHBIMU Tocne aBapuu Ha ADC «Dykycumar. [IpuBeneHs! pacuérsl,
BBITIOJIHEHHBIE HA OCHOBE TI'€ONPOCTPAHCTBEHHBIX [aHHBIX U PaUyCcOB 30H
oTuykaeHusi, pexomeHgoBaHHbIX ~MAITATD. Ilokazanbl mpeuMyLIECTBa
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ucnonb3oBanust ['MC u TeXHOJOTUH AUCTAHIIMOHHOTO 30HAUPOBAHUS 3eMJIU AJis
TOYHOTO OIpEENIEHUs TPaHMIl 30H OTUYKIEHMS, OLIEHKH PaJUallMOHHBIX PUCKOB
W TIOAJICP)KKH yIpaBlieHUeCKuX penieHuii. B konrekcre Pecnybnuku Kazaxcran,
IJle PalMOHAIBFHOE HCIIONB30BAaHHE MHHEPAIBbHO-CHIPHEBBIX PECYPCOB SIBIIAETCS
[IPUOPUTETOM HAIIMOHAJIBHOM HKOHOMHKH, IOAUEPKUBACTCS HEOOXOANMOCTh
o0ecreueH s HKOJIOTHYECKON U MTPOMBIIUIEHHON 0€30MaCHOCTH B 30HAX BIMSHUS
npeanojaraeMelix miomanok crpoutensctBa ADC. OTaensHO paccMarpHuBaeTcs
3al[UTa CTPATETHYECKH BAKHBIX MECTOPOXAECHUH IMOJIE3HBIX HCKONAEMBIX, B
YaCTHOCTH 30JI0TOPYAHOM 30HBI AKOaKail, pacroioKeHHOW BOIM3U IUTaHUPYEMOH
mwiomanku ADC. IlpencraBieHbl pe3yabTaThl T'€ONE3MYECKOTO0 MOHHTOPHHTA
ne(GOpMaIMOHHBIX IIPOLECCOB 3€MHOM IMOBEPXHOCTH, a TAKKE PalOHUPOBAHHUS
panuanroHHO 3arpA3HEHHBIX 3eMeEJIb C ONPEAETICHUEM UX KaJaCTPOBOM CTOUMOCTH.
Hayunast HOBu3HA paOOTBHl 3aKJIOYAETCSI B MPEIJIOKECHUH METOda CO3JaHus
reOJMHAMUYECKOTO TIOJNMTOHA, MO3BOJSIONIETO A(PPEKTUBHO KOHTPOJIHUPOBATH
nedopmManuy 3eMelb U KOPPEKTHPOBaTh MX OLEHKY B 3aBHCHMOCTH OT YPOBHS
paaMalMoHHOTO 3arps3HeHud. llpakThdeckas 3HAYMMOCTH TPENJIOKEHHOTO
MOAXO0/1a ITOATBEPIKICHA €0 UCII0Ib30BAaHUEM B IUCCEPTALMOHHBIX HCCIEI0BAHUIX
MaructpanToB 1 JokropaHToB KasHUTY umenn K.M. Carnaesa.

KioueBbie ciaoBa: ADC, Axbakailickoe MECTOPOXACHHE, paJuallOHHAs
0e301acHOCTh, TPOMBIIIICHHAS 0E30MacHOCTh, JKOJIOTHUYECKas 0e30MacHOCTb,
30Ha PaJMAIMOHHOTO 3arpsI3HEHMS, TPAaHUIIA OTYYKACHHUS

Introduction. Construction of nuclear power plant in Kazakhstan will solve
environmental problems, increased consumption and depreciation of old stations,
and will also create new jobs and become «solid foundation for the country's energy
security». By official resolution, the Government of the Republic of Kazakhstan has
designated the site for the first NPP in the country. The facility will be constructed
in the village of Ulken, located in the Zhambyl district of the Almaty region (Figure
1). The village is situated on the shores of Lake Balkhash, waters of which are
planned to be used to meet plant’s operational needs.

The Republic of Kazakhstan, as the client for the construction of the country’s first
nuclear power plant (NPP), serves as the general operator within the consortium for
the project. Participating in the project is Rosatom, which has extensive experience
and expertise in constructing NPPs abroad. Given China’s significant achievements
in building civilian nuclear facilities, negotiations are also underway with the China
National Nuclear Corporation (CNNC). The French company Electricité de France
(EDF) has likewise expressed interest in the project.

In June 2025, an international consortium for the construction of Kazakhstan’s
first NPP was selected. Following a highly competitive tender, Rosatom emerged
as the leader, having presented the most optimal proposal for the project’s
implementation. As a result, the first NPP in the settlement of Ulken, Kazakhstan,
will be built according to one of the most advanced and efficient designs in the
world, based on Russian technologies. Ulken is expected to become, in the future,
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a “garden city” and a hub attracting scientific and technological talent from across
Kazakhstan.

On 8 August, 2025 a groundbreaking ceremony for the NPP was held in the
Almaty Region near the village of Ulken. The settlement, located on the shores
of Lake Balkhash, has now become a focal point of the country’s energy agenda.
The distance to the district center is 289 km, and to the regional center, the city of
Konaev, 330.

The event was attended by students of the National Research Nuclear University
MEPhHI in Almaty — future engineers of the nuclear industry. This is symbolic: the
project is already giving impetus to the development of science, knowledge, and
engineering education in the country. Thanks to the implementation of the NPP
project, Kazakhstan will gain a new generation of professionals, the advancement of
its research base, and opportunities for educational and technological breakthroughs.

The Chinese company CNNC is expected to construct the second and third
NPPs in western Kazakhstan, a region that has recently faced power shortages
and is projected to see a sharp increase in electricity demand due to the planned
construction of petrochemical plants. (On approval, 2017, Ne 330; On approval,
2020, Ne KR DSM-275)
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Figure 1 - Location of future nuclear power plant

The study aims to calculate and visualize Kazakhstan’s NPP exclusion zones
using GIS in line with IAEA standards.

Research objective. To enhance industrial and environmental safety in the
development of natural resources through comprehensive monitoring of areas
adjacent to nuclear power plants using modern technologies.

Materials and methods. Object of the study is the future NPP of the Republic
of Kazakhstan. Alienation of the territory around the NPP is achieved by conducting
geodetic work using remote sensing, UAVs and the development of GIS.
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Results and discussion. Decision to construct nuclear power plant in
Kazakhstan has already been officially made. At present, attention is focused on
identifying and protecting natural and mineral assets potentially vulnerable to
radiation impact of future facility. Foremost among these is one of Kazakhstan’s
most valuable ecological sites- Lake Balkhash- along with its surrounding natural
ecosystems. Additionally, protection measures must consider the region’s mineral
wealth, previously explored under guidance of K.I. Satpayev and documented in
the metallogenic map of Kazakhstan. These include copper ore deposits of Central
Kazakhstan and the Akbakay gold ore zone, which lies adjacent to the village of
Ulken (indicated by a red star in Figure 1).

Ecological systems of Kazakhstan are characterized by low resilience to
anthropogenic impacts. Approximately 75% of the country’s territory including the
Aral Sea region, the Semipalatinsk Nuclear Test Site (STS), the Caspian Sea coast,
as well as the desert and semi-desert pastures of Central and Southern Kazakhstan is
exposed to elevated risks of environmental destabilization. Of particular concern is
the Semipalatinsk Test Site, which served as one of the primary locations for nuclear
weapons testing over a span of 40 years, leaving a legacy of long-term ecological and
radiological consequences (Zholtaev, Nalibayev. 2018; Zejlik, 2013).

Currently, various economic activities are being carried out within territory of
the former Semipalatinsk Test Site, including the development of the Karazhyra
coal deposit, salt extraction from Lake Zhaksytuz, geological surveying and
exploration, hay harvesting, and livestock grazing. These activities, on the one
hand, contribute to potential redistribution of radioactive contaminants both within
the boundaries of the test site and beyond. On the other hand, they pose additional
risks to workers directly involved in these operations, to local population, and to
end-users of products originating from affected area (Nurpeissova et al.,2025).

Figure 2 - Map of the location of test wells at the Balapan site, the «Karazhyra» coal deposit and the
« Atomic Lake»
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Exploitation of mineral deposits without due consideration of radioactive
environment and without referencing hydrogeological maps of radionuclide
contamination may result in the long-term loss of these resources. Contamination
of territory, soil, and mineral reserves can persist for hundreds or even thousands
of years, rendering them unsuitable for safe use. Therefore, comprehensive
environmental studies - including assessments of soil and vegetation cover, water
and air quality, wildlife, and developed mineral deposits—are of critical importance
for the sustainable development of the region. Lands within and adjacent to the
former test site, affected by radionuclide fallout, require continuous monitoring and
evaluation to determine their suitability for use in agriculture, industry, and other
economic sectors (Nurpeissova et al., 2002).

As for the Semipalatinsk test site, according to estimates by the Institute of High
Energy of the Academy of Sciences of Kazakhstan, «some contaminated areas of
the test site will pose a danger and remain uninhabitable for over a thousand years».
Plus, a significant part of its territory and adjacent areas of the Pavlodar, Abay,
East Kazakhstan and Karaganda regions are still recognized as ecological disaster
zones. Radius of destruction even today reaches almost 800 kilometers, subdivided
into four zones - 150, 300, 500 and 775 kilometers.

Example is explosion at the Chernobyl Nuclear Power Plant, which spread a
radioactive cloud not only across Ukraine, Russia and Belarus, but also affected
several European countries as far as Italy. Today, there is a 300-kilometer exclusion
zone around the Chernobyl Nuclear Power Plant. Many animals died there
immediately after the disaster. The forest area near the Chernobyl Nuclear Power
Plant, which was called the «Red Forest», also suffered from radiation.

The Akbakay gold mining region is situated in the Moyynkum district of the
Zhambyl region, approximately 450 km northwest of Almaty. Located to the
west of the planned nuclear power plant, the region encompasses more than 20
primary ore deposits and associated alluvial gold placers. Notable deposits include
Akbakay, Kengir, Kenjem, Svetinskoye, Duman-Shuak, Beskempir, Samorodnoye,
and Karyernoye, among others (Figure 3).
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Geographically, the Akbakai site is located within the Balkhash watershed,
which represents a slightly undulating terrain with absolute elevations ranging
from 460 to 515 m. Ore extracted from these sites is processed at the Akbakay gold
recovery plant, where dore alloy is produced (Rafailovich, 2011; Nurpeisova et
al.2004; Prague, 2021).

Geographical and Geological Characteristics of the Akbakai Ore Field and
Nearby Deposits.

The Akbakai deposit is a quartz—vein type gold ore occurrence containing 3—7%
sulfides in fluxing ore. Further development potential lies in the flanks, deeper
horizons, and nearby occurrences within the ore field. The upper 20 m have been
mined by open-pit methods; current access is via the Glavnaya and RESH-1 shafts
(down to the 400 m horizon) and the NTS-1 and NTS-2 ramps. Active mining
is conducted at the 260 m, 340 m, and 400 m horizons. Planned development
includes shaft and ramp deepening for extraction of reserves approved by the
State Commission on Mineral Reserves of Kazakhstan (GKZ RK) down to 580 m.
(Vaulin, 2016; Supplemen, 2020).

The Svetinskoe deposit, 20 km west of Akbakai, comprises three stockwork ore
zones and Ore Body IV, with an average gold grade of 13 g/t and fineness above
900. Rare-earth minerals of the yttrium and lanthanum groups are present.

The Kenzhem deposit, 7 km south of Akbakai, extends for 1,500 m along strike
to a depth of 200 m, with widths from 2—3 m to 10 m. Notable veins include a 52 m
vein (3.2 m thick, 5.3 g/t gold) and a 40 m vein (0.9 m thick, 10.4 g/t gold). Mining
and drilling to 300 m depth are ongoing.

Beskempir, located 3 km east of Akbakai, is accessed via the RESH-2 shaft
(down to 180 m) and the NTS-3 ramp, with mining at 180 m and 260 m. Approved
reserves are to be mined to the 390 m horizon.

Aksakal, within the Akbakai ore field, is a vein—disseminated, stockwork-type
deposit of medium reserves, currently accessed through the Glavnaya shaft (to 120
m). Plans include deepening to 500 m via NTS-4.

Kariernoe, also within the ore field, is a small quartz—vein deposit in the contact
zone of the Kyzylzhartas granodiorite massif, mined entirely by open-pit methods.

The Duman—Shuak deposit, 6 km southeast of Akbakai, has a main ore zone
1,000 m long, 2-25 m thick, with average grades of 3.2 g/t gold (9.4 m thickness)
and 6.4 g/t in the core zone (2.8 m thickness). Ores are suitable as second-grade
quartz flux and contain on average 2.8 g/t silver.

Other deposits in the Akbakai gold-bearing zone — Kengir, Karagoz, Kepken,
and Taskuduk — are under exploration.

These mineral resources, described by K.I. Satpayev, are located near the
proposed site of a nuclear power plant (NPP), regarded as a key component of
Kazakhstan’s energy security (Satpayev, 1980).

According to the recommendations of the International Atomic Energy Agency
(IAEA), the exclusion zone around a nuclear power plant (NPP) should be
delineated to ensure adequate protection of the population from potential radiation
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exposure in the event of an accident. Different countries adopt varying approaches
to determining the dimensions of such zones; however, the most widely applied
method is the establishment of a 30-kilometer radius. Defining the boundaries of
exclusion zones is a complex process that involves legal frameworks, mathematical
modeling, geographic information systems (GIS), and remote sensing technologies.
This paper examines the key criteria and methodologies used for delineating
exclusion zones, as well as practical examples of their implementation in different
national contexts, including the Chernobyl and Fukushima nuclear accidents.

Timely delineation of exclusion zones is critical for minimizing the consequences
of radiation contamination following nuclear accidents. As a rule, exclusion zones
are subdivided into several categories depending on the radiation exposure level.

According to the IAEA (International Atomic Energy Agency, 2015) regulations,
the emergency planning zone should cover a radius of 30 km from the reactor.],
the emergency planning zone should cover a 30-kilometer radius from the reactor.
Within this area, elevated radiation levels may occur, necessitating immediate
protective actions. The importance of this approach was demonstrated during
the Chernobyl disaster, when the exclusion zone was expanded from the initial 3
kilometers to 30 kilometers in some areas only days after the accident.

The referenced document further specifies an immediate protective action zone
with a radius of 5—10 kilometers, intended for prompt evacuation and, if required,
provision of shelter in specially equipped facilities. The early protective action
zone, extending from 10 to 30 kilometers, requires additional protective measures,
including iodine prophylaxis and shielding against external radiation. Beyond this,
a long-term control zone, which may extend up to 50 kilometers from the facility,
involves continuous monitoring of radiological conditions to assess and mitigate
potential long-term risks to public health and the environment.

An exclusion zone is defined as a designated geographic area where public
access is restricted or prohibited due to potential or actual radiological hazards. Its
delineation aims to ensure radiation safety, protect the environment, and minimize
adverse health impacts on the population. The recommended size of exclusion
zones depends on multiple factors, including the type and capacity of the NPP, as
well as the potential scale and severity of a radiological incident.

At present, the size of exclusion zones established around nuclear power
plants varies significantly between countries. For example, in the United States,
exclusion zones generally extend 10 miles (approximately 16 kilometers) from the
facility. In contrast, Japan implemented a 30-kilometer exclusion zone around the
Fukushima Daiichi Nuclear Power Plant after the 2011 accident, in line with IJAEA
recommendations.

The Fukushima nuclear accident of 2011 illustrates the practical application
of international safety standards under emergency conditions. Following the
earthquake and subsequent tsunami, which caused the release of large quantities
of radioactive materials, Japanese authorities initially mandated evacuation within
a 20-kilometer radius. As the situation developed—particularly in response to the
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trajectory of the radioactive plume and prevailing meteorological conditions—the
evacuation zone was expanded to 30 kilometers. This response is often cited as
a clear example of the effective application of international radiological safety
protocols during a large-scale nuclear disaster (Kishin, 2008).

Discussion of the results. The Google Earth Engine (GEE) cloud platform,
which has extensive spatial data processing and visualization capabilities, was used
to analyze and visually display the exclusion zone for nuclear power plants. As part
of the study, the exclusion zone around the Fukushima-1 nuclear power plant in
Japan was also modeled based on geographic information data.

* Fukushima coordinates: In the first line, the fukushima object was set, which
is a point on the map with coordinates 141.0344 (longitude) and 37.4213 (latitude),
which corresponds to the location of the Fukushima-1 nuclear power plant.

*Exclusion zone: Using the buffer (30000) method, a circle with a radius of 30
km was created around the NPP point. This radius corresponds to the exclusion
zone recommended by the IAEA to protect the public from radiation risks in the
event of an accident.

* Visualization: Next, we used the Map.set center method to set the center of the
map to Fukushima and set the scale. For clarity, we added two layers: Exclusion
zone: The radius of 30 km around Fukushima is shown in red.

* NPP point: In blue, the location of the nuclear power plant is shown.

* Result: as a result of executing this code, a clear visual image of the exclusion
zone around Fukushima was obtained on the map, which made it possible to clearly
see which area of the territory falls into the zone of increased radiation risk (Figure 4).
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Modern mathematical modeling techniques are increasingly employed to
enhance the accuracy of predicting exclusion zone boundaries. One of the most
widely used tools for assessing the atmospheric dispersion of radioactive particles
is the HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectory) model.
This model enables simulation of radionuclide transport and dispersion in the
atmosphere, considering meteorological data and emission parameters. In practical
applications, such models play a critical role in development of emergency planning
zones, particularly in scenarios involving large-scale radioactive releases—as
exemplified by measures taken in Japan following the Fukushima Daiichi nuclear
accident (NP-001-15. General Provisions; Agee et al., 1994; Ivanov et al., 2016).

Another notable example of the effective use of monitoring and modeling
technologies is the application of satellite remote sensing data. Satellite systems
such as Landsat-8 and Sentinel-2 provide high-resolution imagery that enables
detailed monitoring of radioactive contamination, particularly in remote or
inaccessible regions. In the aftermath of nuclear power plant accidents, satellite data
have become a crucial tool for the precise delineation and mapping of contaminated
areas. For instance, in the Chernobyl Exclusion Zone, satellite imagery has been
instrumental in detecting changes in vegetation cover, thereby facilitating the
assessment of radiation-induced impacts on local ecosystems.

Remote sensing technologies also played a significant role in the post-accident
rehabilitation of territories affected by the Fukushima Daiichi nuclear disaster.
In particular, unmanned aerial vehicles (UAVs) were deployed to map radiation-
contaminated areas, providing high-resolution data on the spatial distribution of
radioactive materials at various altitudes and ground levels. This method allowed
for more precise assessment of contamination patterns and facilitated targeted
decontamination efforts. Moreover, UAV-based monitoring was applied to evaluate
condition of critical infrastructure and natural environments, including water bodies
and forested areas, which are particularly vulnerable to long-term environmental
consequences of radiological exposure

Additionally, model of exclusion zone was constructed in Google Earth Engine
(GEE) for the area surrounding village of Ulken, where construction of nuclear
power plant is planned (coordinates: 45.206815, 73.930981). As shown in Figure
5, circular buffer with a radius of 30 kilometers was generated, in accordance with
IAEA safety recommendations (Abdirov and Tursbekov 2025).

The red circle on the map delineates boundaries of projected exclusion zone,
which serves as a basis for assessing the potential environmental and population-
related impacts of the future facility. This approach helps to visualize potential
limitations and plan safety measures.
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Figure 5 - Visualization of the exclusion zone around Ulken in Kazakhstan, where the first nuclear
power plant is planned to be built

In addition, the use of dosimeters and spectrometers in field research makes it
possible to accurately measure gamma radiation levels in infected areas. These data,
in turn, are used to clarify the boundaries of exclusion zones and make decisions
about possible evacuation or return of the population. In the Chernobyl zone and
in the nearby regions of Ukraine, such research continues to this day, using new
methods such as "smart" dosimeters that can provide real-time data (Nikitin, 2012).

Asaresultofthe work using Google Earth Engine, a visual example of an exclusion
zone around a nuclear power plant was created, based on the recommendations of
the TAEA. The exclusion zone radius of 30 km has been determined, which has
been successfully visualized on the map, which makes it possible to clearly see
which area of the territory falls into the zone of increased radiation risk.

A model of the exclusion zone around the village of Ulken has also been
created. Images reflecting the possible effects of radiation are obtained, and the
results of the visualization code are presented. The exact coordinates and estimated
boundaries of the potential high-risk area were obtained. The experience of
Chernobyl, Fukushima and other disasters shows the importance of proper and
timely assessment of radiation pollution. The accidents in Japan and Ukraine have
become an example of the effective application of international standards.

The use of modern digital platforms, including GEE and remote sensing systems,
ensures high accuracy in mapping radiation pollution, especially in remote areas.
With the help of UAVs and satellites, regular data updates are possible, which is
critically important for monitoring the dynamics of the environment. The application
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of the developed model to Kazakhstani conditions allows us to pre-assess the risks
associated with the construction and operation of nuclear power plants, as well as
to prepare the basis for the regulatory establishment of sanitary protection zones.

In addition, use of dosimeters and spectrometers in field studies allows for
precise measurements of gamma radiation levels in contaminated areas. These data,
in turn, are used to refine boundaries of exclusion zones and make decisions about
possible evacuation or return of the population. In the Chernobyl zone and adjacent
regions of Ukraine, such studies continue to this day, using new methods such as
“smart” dosimeters that can provide data in real time (Nurpeisova et al., 2024 ).

As a result of the work carried out using the Google Earth Engine platform, a
visual model of the exclusion zone around the proposed nuclear power plant was
developed in accordance with the recommendations of the International Atomic
Energy Agency (IAEA). A 30-kilometer radius was defined as the boundary of
exclusion zone, enabling its successful geospatial visualization. This allowed for
clear identification of the territory potentially falling within the zone of elevated
radiological risk, thereby supporting further environmental assessments and safety
planning.

Conclusions. Thus, nuclear power plants are the main cause of negative impact
on the environment and safety of mineral resource development. Modern society is
seriously concerned about solving the problems of mining ecology and industrial
safety, on which the well-being of the current and future generations engaged in
subsoil use depend.

The experience of Chernobyl, Fukushima and other disasters shows the
importance of correct and timely assessment of radiation contamination. Ultimately,
effective definition of exclusion zones helps to minimize damage to public health
and the environment.
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