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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoaus, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2az jHcane Memanoapobvly
XUMUATBIK MEXHON02UANADb
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:
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Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209
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com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/wos/author/record/1309251
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NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
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Abstract. The direct consequences of nuclear explosions at the Semipalatinsk
test site have been well studied, however, unique phenomena may appear under
special circumstances. One of the unique radiation objects is Lake Kishkensor,
the radiation contamination of which was discovered 27 years after the last
underground nuclear explosion. According to one version, the source of radioactive
contamination of Lake Kishkensor is the nearest “combat” well (1366), according
to another version, contaminated groundwater is transferred to the lake through
the regional Sosnovy fault, which passes through the Balapan test site, where any
of the “combat” wells in the zone of its influence can be a source of radioactive
contamination.

The study employed isotope hydrology techniques, laboratory analysis of
radionuclides, and monitoring of groundwater, surface waters, and bottom
sediments. Systematic sampling was conducted and analyzed using spectrometry
and radiochemical preparation. The primary sources of contamination were
identified as atmospheric fallout from nuclear tests and the inflow of contaminated
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groundwater. The highest concentrations of °H and °*Sr were observed in the southern
part of the lake, with seasonal variations in contamination levels. Radionuclides
137Cs and #*****°Pu were confined to bottom sediments without significant migration
into surface waters.

Thus, this article presents the results of a study of the nature and mechanism of
radionuclide contamination of a lake located on the territory of the Semipalatinsk
test site. As a result of the study, a new local area of radiation contamination of
the daylight surface on the territory of the test site was discovered. The findings
provide a scientific foundation for developing radiation monitoring programs
and ecosystem rehabilitation strategies in contaminated areas. The methods and
conclusions can also be applied to similar aquatic systems affected by radionuclide
contamination.

Keywords: Semipalatinsk Test Site, ‘Balapan’ site, Lake Kishkensor,
contamination, tritium, strontium, plutonium, cesium, ground waters, surface
waters, bottom sediments.
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AnHoranmus. CeMell TIONMTOHBIHIAFHI SAPOJBIK JKAPBUIBICTAP/ABIH TiKeNe
caJiJiaphl JKaKChl 3EPTTEITCH, allaiia epeKile Karaaiuap/aa epekiie KyOblipicTap
nmaiiza Oomysl MYMKiH. biperei pamumarusi omakrapblHbIH Oipi — KimkeHncop
KOJIi, OHBIH PATHAIUSUIBIK JIACTAHYBI COHFBI KEPACThI SAPOJBIK KAPBUIBICHIHAH
KeliH 27 KXbUIIaH KeiiH aHbIKTanFaH. bip Hycka OoiibiHmma KinrkeHcop KeliHiH
PaTMOaKTHBTI JIaCTaHy KO3l ¢H JKaKbIH OpPHAJIACKAH (GKapbUIBIC» YHFbIMa 1366
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OHJIa OHBIH oCep €Ty aliMaFrbIH/IaFbl KAYBIHTEPIIK» YHFBIMAIAPBIH Ke3 KeIreH
VHFBIIAPBl PaIHOAKTHBTI JIACTaHY K631 00TyBI MyMKIiH.

3eprreyre  M30TONTHIK  THUAPOJOTHSUIBIK — ONICTEP,  PaJUOHYKIHITEP/IiH
3epTXaHAJIBIK TaJJIaybl KOHE JKEP aCThl CYJIapbIHBIH, XEP YCTi CyJapbIHBIH JKOHE
TyOl MeriHAUIepiHiH MOHHTOPHUHTI KipAi. YJTinep XKyHem TypAe >XWHAIBII,
CHEKTPOMETPHS MEH PAaTUOXUMUSIIBIK TpEnapaTThl KONJaHy apKbUIbl TaJTaHIbl.
Kemnui nacraymblH Herisri Kesiepi SAPOJIBIK CBhIHAKTAPIBIH aTMOC(epabIK
TOTIHJIep] KOHE JIaCTaHFaH JKEP acThl CYJIAPBIHBIH aFbIHbI CKCHI aHBIKTAJJIbI.
3H sxoHe *°Sr eH XOFaphl KOHIIGHTPAIMSCHI JIACTAHY JEHTeHiHIH MayCBIMJIBIK
ayBITKYBI TIPKENTESH KOJIAIH OHTYCTIK Oemirinae 6aikanabl. Pamnonyxmmarep *7Cs
XKOHE #°"2%Pu cy opTachlHa aWTapibIKTail aybiciaii-ak TYOIHJEri eriHaijepe
JIOKaJIM3allUsUTaHFaH KYHiHe Kalabl.

Ocpinaitma, Oy makanaga CeMell ONMUTOHBI ayMarblH/Ia OpHAJIACKAaH KOIIiH
PaTUOHYKIUATIK JTAaCTAaHYBIHBIH TaOWFATBl MEH MEXaHU3MIH 3EpPTTEy HOTIKEIEepi
OepinreH. 3epTTey HOTHIKECIHJIC IMOJUTOH ayMarblHIa KYHJI3TI JKapblK OCTiHIH
pajvanusIIBIK JIACTAHYBIHBIH JKaHA JKEPruUTIKTI aliMarbl aHBIKTAIIBI. 3epTTey
HOTIDKENEpl paauarysuiblK OaKpulay JXKoHE paJHallvsUIbIK JacTaHydaH 3apjaall
IMEKKeH aWMaKTapIarbl DKOXYHeNepIi KalmblHa KenTipy OarmapiamaliapbiH
o3ipiey YIIiH Maiaisl. OICTep MEH HOTHKENEp/Il YKcac mpodieMaap/ian 3apaan
nrereTiH 0acka cy oObeKTiIepiHe KonJanyFa 0omabl.

Tyiiin ce3nep: Cemeii monuronsl, bamaman monuronsl, KimkeHcop ke,
JlacTaHy, TPUTHH, CTPOHIINH, TUTyTOHWH, IIEe3WH, JKep acThl CyJapbl, >Kep YCTi
CyNapsl, TYM MIOTiHIIIEpI..
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AnHoTanms. [IpsiMble mocieacTBUs SACPHBIX B3phIBOB Ha CeMUIIaIaTHHCKOM
MOJIMTOHE XOPOIIO H3y4YeHbI, OJHAKO, B OCOOBIX OOCTOSATEIBCTBAX MOIYT
MOSIBJIATHCSL YHUKAJIBbHBbIE ()eHOMEHBbl. OMHUM W3 YHUKAIBHBIX PaJHallHOHHBIX
00BEKTOB sBIsIeTCST 03epo KuiikeHCOp, pagualMioHHOE 3arpsi3HEHHE KOTOPOTo
0OHapykeHO cItycTsi 27 JIeT Mociie MPOBEICHHS TTOCIIEIHET0 TIOA3EMHOTO SIEPHOTO
B3pbIBa. I10 OfHON M3 BepcUil, HCTOUHUKOM PaJUOAKTUBHOIO 3arps3HEHUS 03€pa
Kumikencop siBisiercst Onvkaiiias «6oeBas» ckpaxuHa (1366), o npyroit Bepcun
— 3arpsA3HEHHBIE MOJ3€MHBIE BOJIBI MEPEHOCSATCS B 03€pO Uepe3 perroHaJIbHBIN
pasziom COCHOBBIM, KOTOPBIH TPOXOAWUT YEpe3 HCIMBITATENbHYIO IUIOIAIKY
«bananany, re mro0as n3 «00EBBIX) CKBaKUH B 30HE €T0 BIUSIHUS MOXKET SIBJISATHCS
WCTOYHHUKOM PATUOAKTUBHOTO 3arpsI3HEHMS.

HccnenoBanue BKIIOYAI0 H30TOMTHO-THAPOIOTHUECKIE METO/IbI, Ta00paTOPHBII
aHaJIN3 PaJMOHYKINIOB M MOHHUTOPHUHT TPYHTOBBIX M ITOBEPXHOCTHBIX BOJ, a
TakXKe JIOHHBIX OTNIOXKeHUH. [IpoObl oTOMpanich CUCTEMHO, aHAM3UPOBAINCH C
MTOMOIIBIO CTIEKTPOMETPUH U PAJMOXUMHUYECKON MOJITOTOBKU. YCTAHOBIIEHO, YTO
OCHOBHBIC UCTOYHHUKH 3aTrPsI3HEHUS 03epa — 3TO aTMOC(EpHBIE BHIMAACHUS MOCIE
SIIEPHBIX MCTIBITAHUM U TPUTOK 3arpsA3HEHHBIX TPYHTOBBIX BOA. MakcuMaibHas
koHueHTpanus *H u *°Sr Habmonanack B 100KHOW 4acTH 03epa, rie 3aQUKCHpOBaHbI
Ce30HHBIE KoieOaHWs ypoBHeW 3arpssHeHud. Pagmonyxmuasr *7Cs u 24Py
OCTaIOTCSI JIOKAJTM30BAHHBIMHU B JIOHHBIX OTJIOXKEHUSIX 0€3 3HAYMTEIbHOW MUTPaLlii
B BOJIHYIO CpeEny.

Takum 00pa3om, B JaHHOH CTaThe TMPEICTABICHBI PE3yIbTaThl HCCICAOBAHNUS
XapakTepa U MeXaHu3Ma PaJUOHYKIMIHOTO 3arpsI3HeHNs 03epa, PacroNoKeHHOTO
Ha Tepputopun CeMHITaJaTHHCKOTO HCIBITaTeNbHOTO TONWroHa. B pesynbrare
WcclefoBaHusl ObUl OOHapy)XeH HOBBIM JIOKAJIBbHBIN YYacTOK pPaaUuariiOHHOTO
3arpsi3HEHHs JHEBHOM IOBEPXHOCTH Ha TEPPUTOPUU TONUTOHA. PesynbraTs
WCCIIeIOBaHUS TIOJIE3HBI IS pa3pabOTKH MPOrpaMM pagialldiOHHOTO MOHUTOPUHTA
U BOCCTAaHOBJEHHMS OKOCHUCTEM B 30HAaX, MOJABEPrIINXCA paAUALUOHHOMY
3arpsi3HEHUI0. METObI ¥ BBIBOJBI MOTYT OBITH MMPUMEHEHBI K JIPYTUM BOJOEMAM,
CTpPAaJIaroIIUM OT aHAJIOTUYHBIX POOJIEM.

KuaroueBbie ciioBa: CeMHNamaTHHCKUAN MCTIBITATEIbHBIN MOJIUIOH, TUIOIIAIKA
«bananan», o3epo KuiukeHcop, 3arpsi3HEHUE, TPUTHHA, CTPOHLMUMN, IUTYyTOHMIA,
L[e3UM, TTOA3EMHBIE BOABI, TOBEPXHOCTHBIE BOJIBI, JOHHBIE OTIOKEHHS

Introduction. For the territory of the former Semipalatinsk test site, it is
extremely important to promptly identify areas of migration of man-made
radionuclides with water flows, since at present the aquatic environment at the test
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site serves as a source of secondary pollution of the environment. Various areas with
high values of man-made radionuclides in surface waters were identified. Today,
the direct consequences of underground nuclear explosions have been well studied,
however, unique phenomena may appear under special circumstances. One of such
objects is a system of lakes, radioactive contamination of which was discovered
27 years after the last underground nuclear explosion at the Semipalatinsk test site.
In particular, unexpected radioactive contamination (*H, **Sr and **°***Pu) of the
daylight surface of natural lakes in the western part of the Balapan section of the
Semipalatinsk test site was discovered (Lyakhova, et al, 2012; Aktayev, et al, 2023;
Aidarkhanov, et al, 2013; Subbotin, et al, 2013; Gorbunova, et al, 2012).

The lakes under study are natural reservoirs of the test site and are located near
the western border of the Balapan test site, which was used from 1965 to 1989 to
conduct underground nuclear tests in boreholes (vertical mine workings) at a depth
of 270 to 1200 m (Fig 1).

.....
] boundary of "Baiapan® tesiing site

= = - axis of a passing plume

®  tasting woll

Fig 1. Location of Lake Kishkensor in the vicinity of the ‘Balapan’ site

Previous in-depth research conducted at the Balapan site revealed the presence
of artificial radionuclides in the waters of natural lakes Karazhurek and Kishkensor.
The measured specific activity of °H in Lake Shunkursor’s water reached 30 Bg/kg,
while in Lake Kishkensor, it was as high as 5000 Bg/kg. The concentration of 90Sr
in the water ranged between 1 and 5 Bq/kg (Aktayev, et al, 2023; Aidarkhanova, et
al, 2022).

23



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

According to one version, the source of radioactive contamination of Lake
Kishkensor is the nearest “combat” well; according to another version, contaminated
groundwater is transferred to the lake through the regional “Sosnovy” fault, which
passes through the Balapan test site, where any of the “combat” wells in its zone
of influence can be a source of radioactive contamination (Subbotin, et al, 2010).

Overall, the discovery of radioactive contamination in lakes decades after the
explosions suggests that the effects of nuclear testing may be more complex and
long-lasting than previously thought at the Semipalatinsk Test Site.

It is necessary to understand how the nuclear explosions affected the formation
of lakes and how radionuclides entered the lakes and continue to spread. This will
help to assess the long-term effects of the tests and develop measures to protect the
environment.

Materials and research techniques

Bottom sediments and soils. For research into man-made radionuclides in
bottom sediments and soils, the inundable zone between the rim and the boundary
of surface waterflood was outlined on the map. Bottom sediment sampling points
were located at nodes of a 150x150 meter rectangular grid. Soil sampling points
were located at nodes of a 250x250 m grid. The sampling scheme is depicted in the
figure (Fig 2).

Legend
[ boundary of * Balapan site
[ countour of the lakeside area
O grid 250x250 m

@ grid 150x150 m
m stratified sampling points
e

Fig 2. The sampling scheme of bottom sediments and soils at Lake Kishkensor
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Bottom sediment samples and soil were obtained from the designated locations.
The collection process utilized a specialized metal instrument, allowing samples to
be taken from a depth of 0 to 5 cm. To study the vertical distribution of radionuclides
in bottom sediments, eight specific sampling locations were designated (Fig 2).
Stratified bottom sediment sampling was accomplished down to 60 cm deep at a
20 cm interval.

Surface waters. Surface water samples were collected using a polyethylene
container specifically designed for water intake.

Ground waters. Groundwater research was conducted in areas anticipated to be
pathways for ground and fracture water movement. For this purpose, exploratory
boreholes were drilled, with their locations strategically chosen based on the
proximity of existing ‘warfare’ boreholes in the surrounding area (Fig 3).

Legend

wells

©  screw (groundwater)

@® pneumatic impact (fractured vein water)
[ boundaries of the testing sites

Fig 3. Research areas of ground waters

The groundwater study was conducted for ground and fracture waters in the
wells shown in the figure. The study depth was from 1.5 to 17 m.

Study of water exchange processes. The utilization of an isotope hydrology
technique is currently one of direct methods to obtain information on conditions
under which various types of waters are produced. Research into the ratio of stable
hydrogen (*H) and oxygen ('*O) undelay the technique (For, 1989; Vasilchuk, et al,
2000; Craig, 1961). A laboratory analysis to determine the ratios of stable isotopes
2H/180in samples was carried out in order to study water exchange processes.
For the comparative analysis, values derived were overlaid onto the local line of
meteoric water with data on these isotopes in the regional precipitation (Toktaganov,
et al, 2018).
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Laboratory analysis. The measurement of the ratio of stable isotopes 2H/'H and
180/'%0 in the measured sample and in the standard was carried out on a highly
sensitive laser spectrometer LGR 912-0008. Water samples calibrated against the
International Standard VSMOW (IAEA) were used as internal standards. Gamma-
spectrometric studies of the prepared samples were carried out in accordance with
the measurement procedure on the MI 2143-91 RK gamma-spectrometer. The
measurement time for each sample was determined experimentally depending on
the activity of the radionuclide being studied. In cases where the specific activity of
the man-made radionuclide was less than 100 Bg/kg, the sample measurement time
was 2 hours. Beta-spectrometric studies of environmental samples were carried out
in accordance with the international standard ISO 9698:1989 (E). The measurement
time of the prepared counting sample was about 120-180 minutes. The quenching
correction in the sample was determined using the external standard 133Ba. The
liquid scintillation spectrometer used was TRI-CARB 2900. The analysis of the
prepared samples for the content of *2*Pu, »*Pu was carried out in accordance
with the methodology, and in accordance with the passport for the spectrometer and
the GENIE2000 software.

Results

The study of man-made radionuclides in bottom sediments and soils focused on
their content and distribution

The results, illustrating the spatial patterns of *H and '*’Cs concentrations in
these sediments and soils, are presented in the accompanying figure (Fig 4).

7002800
e .

> 1500 3000
2o # * ¥

Legend 0 150 300 600 m Legend 0 150 300 600 m

S, Bk 0005000 [ 3000075000 “27cs, Byikg e
U0 =000 [0 eoco-1s000 I 75000 770000 e 0 ats

o san s
sampling points of bottom sediments 1000 3000 [N 45009-30000 @ sampling poinis of bottom sediments. 24 [ REN)

Fig 4. 3H and ¥’Cs distribution in bottom sediments and soils

According to findings, *H concentration in bottom sediment samples ranges
widely — 670 to 770,000 Bq/kg of activity concentration. The primary contamination
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zone is concentrated in the southern region, where the highest *H levels were
recorded. Additionally, a localized area in the southwestern part showed an elevated
*H concentration of 150,000 Bg/kg in the soil. The concentration of '*’Cs in bottom

sediments ranges from less than 2 Bg/kg to 30 Bg/kg. Unlike *H, the distribution of
1¥Cs does not show any distinct local or zonal patterns.

The distribution patterns of *°Sr and *****°Pu in sediments are illustrated in the
accompanying figure (Fig 5).

s L
1
o 16 “1. 16
et oh.e N e oo -
i ) i T s 42 9
| 29 o | 23 29 1
L 12 a7 o8 o @ L - L 12 a7 428 o © -y
L 36 43 @50 o= L 36 43 50 o6,
| & 2 o . | 2 ® -
21 o Jo o2 Sl
| |
0 ot e O < W F M e o
b 7 o e ° ! 5 o8 b5 9
& o ) o |
Kishkensor Lake. 3 38 A5 22 i Kishkensor Lake 31 38 45 o2 1
3 5 19 25 19 25 ' o © !
3 & J° o © L d 3 & e L
() L )
- % 2 B M F A b 6 32 B 0 2
R A L & o ° o ] 5 g4 B & o ° \
j 59 .= ° 59 61 |
| 7 3 g0 g7 o e @ | 1 o7 3 A0 AT g% ° |
[ L e O ° { 0 15 ° ool
] 60 - = 6
= 41 48 @ ] =) s 55 [
a2 o2 Pl ) O J o om M o )
Legend B s Legend - 7,-'37-,,_‘ p
5y, Balkg % el 29240py Bglkg L‘u& S
1-3 o~ —* d 010 pa—
@ 1% «Balapgh» site | g 1025 «Balapzh» site
g0 y Qo /
e 0 250 500 1000 @20 0 250 500
¥ ¥
wJ‘r: —
[

1000 w
idee
e o
' 6 _

s @ L,
5
| et e e’ B R | ot ot o™ — -
i 2 g | T a5 42 g%
Loy 1z g1 B 2 & © L 5 o7 o7 o o® O -
0 a, o g
s ” 3 43 %0 o i 36 43 50 0%
I o8 219 ° ] P 2 & ° i
[ 51 57 ¢ ) 57
P 0 Moo @ - - W F M e 9
b 7 ® L ] 2 g o i
e 9 ] ; |
i Kishkamsorake 0 g 31 % 2 (Kishkensoriake o 0 3 3 # o% |
3 f & o ° ’ & s X -
® 53 58 L_ T e ©® 53 58 _
~ w s o2 o o © 5 . 5 2 O o o
- S o a0 | 9 1 B e o ° ]
) 59 b O 59 81 -
| o7 33 M0 7 et o © | f o 3 A0 T % ©
BRI o O el 105 ool
- GO = 60
=X s 8 g5 g | =1 48 55 [
a2 &2 e o ° - L2 B S S S
Legend S e Legend e = - y
";sr. Bakg - e b 2929y, Bglkg L‘u\ - -
1-30 e r . o 0-10 T——
@ 1% «Balapgh» site| @ 1025 «Balapgh» site|
& 5o L Qo v
s 0 250 500 oo | @250 0 250 500 1000

Fig 5. *’Sr and #****Py distributions in bottom sediments

The activity concentration of *°Sr ranges between 1 and 310 Bq/kg, with most
measurements falling within the 1 to 90 Bq/kg range. Notably, peak concentrations
of 230 and 310 Bg/kg were identified at observation points 34 and 41, located in the
southern area. The levels of #*"2*°Pu generally range from 1 to 25 Bq/kg, except at
two locations, where elevated concentrations of 80 and 250 Bq/kg were detected.

The investigation into the presence of man-made radionuclides at various depths
in bottom sediments revealed their distribution patterns

Detailed findings on these distributions are presented in the accompanying table
(Table 1).
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Table 1. The vertical distribution of man-made radionuclides was examined to assess their
concentration levels at varying depths

3 3 239+240
No. S*;)‘(‘)‘ipnlt';‘g Sa(;'e‘g:;l“g 'H-Bg/kg | ”Sr-Bq/kg | "'Cs-Bq/kg Ba /i; -

020cm | 9700 = 9700 45+4 10+ 1 303
plot1 | 2040cm | 13000+ 1300 303 <1 <02
40-60 cm | 25000£2500 | 4+04 <1 <0,1

0-20cm | 50000+ 5 000 30+3 15+1 740
plot2 | 2040cm | 56 000 + 5 600 <08 <1 <02
40-60 cm | 80000 + 8 000 <08 <1 <02

0-20 cm 6 500 = 650 <07 7407 3403
plot3 | 2040cm | 6700+ 670 <07 <1 <0,1
40-60cm | 6000 + 600 <08 <1 <02

0-20 cm 5300 = 530 35+3 10+1 3103
plot4 | 2040cm | 6200+ 620 <08 <1 <0,1
40-60cm | 6000 + 600 <07 <1 <0,1

0-20 cm 4000 % 400 <07 7407 9409
plot5 | 20-40cm | 4000+ 400 7+0,7 <1 <0,1
40-60cm | 5700+ 570 <06 <1 <0.2

0-20 cm 3200 = 320 10+1 1515 9+09
plot6 | 20-40cm | 4000+ 400 <08 <1 <0,1
40-60 cm | 3300+ 330 <09 <1 <02

0-20cm 3 800 = 380 7 40,7 10+ 1 7407
plot7 | 20-40cm | 4800+ 480 <08 <1 <02
40-60 cm | 4000 + 400 <07 <1 <0,1

0-20cm | 32000032000 | 150+ 15 6+0,6 303
plot8 | 20-40cm | 435000 +43 500 | <08 <1 <0,1
40-60 cm | 440 000 +44 000 | <07 <1 <0,1

In all test pits, *H concentrations either remain consistent or increase with depth.
Conversely, the concentrations of '*’Cs, *Sr, and #**°Pu are most pronounced at
the surface and diminish with depth, frequently dropping below detectable levels
in deeper layers.

The study focused on analyzing the presence and levels of man-made
radionuclides in groundwater

Groundwater is commonly located above the weathering crust of the underlying
rocks at depths between 1.2 and 2.5 meters. Fracture waters were encountered in
localized areas with exogenous fracturing zones, with depths ranging from 5.5 to
6.0 meters.

The results of the analysis on the presence of man-made radionuclides in both
ground and fracture waters are summarized in the accompanying table (Table 2).
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Table 2. The concentration of man-made radionuclides in groundwater near Lake Kishkensor was
analyzed and documented

4 Borehole *H, B/kg “Sr - Bq/ | #»**Pu- | YCs- wftl::‘ulgsel Water

number ’ kg Bq/kg Bq/kg -m type
BH-27 150 000 £ 15000 |0,5+0,05| <0,0002 | <0,01 2,42
BH -31 320 000 =32 000 2+0,2 | <0,0002 | <0,01 1,86
BH -34 160 000 + 16 000 4+04 | <0,0002 | <0,01 1,20
BH-35 | 77000£7700 | 2+02 | <0,0002 | <0,01 1,63 (;r;’tgrr‘:
BH -32 54000+5400 |[0,5+0,05| <0,0002 | <0,01 1,35
BH -37 6200 + 620 <0,01 <0,0002 | <0,01 1,50
BH -39 30+3 < 0,01 <0,0002 | <0,01 2,50

BHC -1/16 14 200 £ 1420 0,24+0,02| <0,0002 <0,01 5,50 Fracture

BHC -2/16 530+53 0,2+0,02| <0,0002 | <0,01 6,00 waters

Groundwater shows a wide range of 3H concentrations, varying from 30 to 320
000 Bg/kg across all sampled areas. In the southern region, °*Sr concentrations
reach up to 4 Bg/kg. The highest levels of both 3H and *Sr were recorded in
boreholes located in the southern part of the study area. The activity concentration
of *H in fracture water samples from boreholes BCH-1/16 and BCH-2/16, situated
near the ‘warfare’ borehole 1366, was significantly lower compared to that in
groundwater. The *Sr concentration in fracture waters was measured at 0.2 Bg/
kg. The concentrations of #?*2*Pu and *’Cs in all water samples were below the
detection limits of the employed methodological instruments, measuring less than
0.0002 Bg/kg and 0.01 Bg/kg, respectively.

The investigation focused on understanding the processes of water exchange,
aiming to determine the dynamics and interactions between various water sources

To identify the characteristics of how contaminated waters in Lake Kishkensor
are formed, the ratio of stable isotopes (*H/!*0) in the collected water samples was
analyzed. The results were compared with the local meteoric water line and isotope
values from regional precipitation. Results are given in the figure (Fig 6).
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Fig 6. The analysis of the stable isotope ratio
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Between late June and mid-July, isotope concentrations significantly increased,
ranging from -111.4 to -68.8%o for *H and from -17.6 to -6.0%o for '*O. By late
August, the isotope concentrations decreased, reaching -90.7%o for *H and -11.5%o
for *O. These variations suggest that the water sampled in June originated primarily
from residual snowmelt, as the isotope ratios align with atmospheric deposition
during the winter season. The higher isotope concentrations observed in June
are attributed to evaporation, during which the remaining water retained heavier
isotopes.

In August, the isotope ratios shifted again, reflecting lighter concentrations,
likely due to the influx of groundwater into surface waters. This indicates that
winter precipitation plays a key role in recharging groundwater, infiltrating through
the cavities of ‘warfare’ boreholes and raising groundwater levels during spring
snowmelt. As a result, contaminated groundwater is subsequently released onto the
surface of the lake.

The monitoring focused on tracking changes in surface water contamination
levels over time to understand the dynamics and factors influencing pollutant
concentrations

Recognizing that radionuclide contamination in Lake Kishkensor could be
influenced by water inflow levels, monitoring efforts were conducted. These
observations focused on the area with the highest contamination, located in the
southern part of the lake. Water samples were collected during spring, summer, and
winter across the years 2018 to 2020.

Monitoring observation data is listed in the table (Table 3)

Table 3. Variation in concentrations of man-made radionuclides in surface waters over 2018-
2020.

Activity 20181 2019 2020
" concent-

ration, 05 09 11 04 08 10 04 08 09

Bq/kg
| H 180000 | 110 000 | 430 000 | 200000 | 100 000 | 173 iOOO 290300 120 000 11010900

18000 | & 11000 | +43 000 | 20000 [£10000 | 70| 57000 [£12000 ] "0

2.0 Sr [ 15+1,5| 8+0,8 |100+10| 10+1 |17+1,7| 10+l | 14+14 |[17+1,7| 3+03
3. | B24Py | <0,0002 |<0,0002 | <0,0002 | <0,0002 | <0,0002 | <0,0002 | <0,0002 | <0,0002 | <0,0002
4. | WiCs <0,01 | <001 | <0,01 | <001 | <001 | <0,01 | <0,01 | <0,01 | <0,01

The determination uncertainty of *H and *Sr activity concentration is +£10%

The activity concentrations of °H and **Sr showed significant seasonal variations.
In 2018, *H levels ranged from 110,000 to 430,000 Bq/kg, while in 2019, they were
between 100,000 and 200,000 Bg/kg, and in 2020, they ranged from 175,000 to
190,000 Bq/kg. The highest concentrations of 3H were typically recorded during
spring and autumn. For *°Sr, the concentration ranged from 8 to 100 Bq/kg in 2018,
10 to 17 Bq/kg in 2019, and 3 to 14 Bg/kg in 2020. No measurable amounts of '*’Cs
or 2"290Py were detected during the monitoring period.
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Discussion

Tritium (°H) Content. Elevated levels of *H in the surface layer of bottom
sediments were predominantly concentrated in the southern region of the lake,
indicating this area as the primary entry point for contaminated groundwater. This
conclusion is supported by the vertical distribution of *H, which tends to increase
with depth at sites exhibiting the highest concentrations.

Groundwater studies revealed that *H activity concentrations in fracture waters
were lower than those in surface and other groundwater samples. This suggests that
*H does not migrate to Lake Kishkensor through geological fault channels from
‘warfare’ borehole No. 1366. Instead, the relatively shallow groundwater (1-2.5
m deep) with high *H levels points to its entry being associated with groundwater
level rises.

Strontium-90 (*°Sr) Content. The *°Sr concentration on the surface of bottom
sediments generally ranges from 1 to 90 Bg/kg, showing widespread distribution.
Vertically, higher concentrations are found in the top layers, with lower levels (40—
60 cm depth) suggesting a surface-origin source of **Sr. Additionally, peaks of 230
and 310 Bg/kg were recorded at two points in the southern lake area, which supports
the hypothesis that groundwater entry is a significant source of °*Sr contamination.

It is likely that °°Sr contamination in Lake Kishkensor arises from two primary
sources:

Groundwater entry: Supported by the detection of *°Sr in southern groundwater
(up to 4 Bg/kg) and in surface water (up to 100 Bq/kg).

Atmospheric fallout: Confirmed by *°Sr levels ranging from 9 to 200 Bq/kg in
the region.

Seasonal Variations in Contamination

Monitoring observations demonstrated substantial seasonal variability in
the concentrations of *H and *°Sr in surface waters. For example, maximum *H
concentrations reached 430,000 Bg/kg, while *°Sr peaked at 100 Bg/kg. These
findings suggest that contamination levels in the lake are significantly influenced
by the season and the amount of contaminated groundwater inflow.

Stable isotope ratio analysis revealed that winter precipitation plays a critical
role in recharging groundwater. Meltwater from snow penetrates the cavities of
‘warfare’ boreholes, elevating groundwater levels during the spring thaw. This
process results in the discharge of contaminated groundwater onto the lake’s
surface, contributing to radionuclide contamination.

The figure to the left shows paths of contaminated water discharge into Lake
Kishkensor, the one to the right presents *H distribution when ground waters are
discharged (Fig 7).
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Fig 7. Contamination processes at Lake Kishkensor

The contamination of groundwater can be explained by the following process:
the depths at which nuclear charges were placed during underground testing, ranging
from 270 to 1,200 meters, are significantly deeper than the regional groundwater
aquifer. Post-testing, deformation zones formed in the rock mass, comprising voids
and fractured rock. Radioactive debris became concentrated on fissure surfaces and
rock fragments.

Groundwater infiltrates these artificial fissures, reaching the deformation
zones. Upon contact with radioactive debris, the water dissolves radionuclides
and transports them back to the phreatic aquifer. These radionuclides subsequently
migrate through groundwater flow and eventually discharge onto the surface.

The distribution of '*Cs and #°2*Pu in bottom sediments is widespread,
without a specific localized concentration. Vertical distribution studies indicate that
measurable amounts of these radionuclides are restricted to the 020 cm surface
layer of bottom sediments. No detectable levels of *’Cs or #°"?*Pu were found in
either groundwater or surface water samples.

The presence of '*’Cs and #*°+*°Pu on the surface of Lake Kishkensor is
attributed to atmospheric deposition resulting from nuclear tests conducted within
the STS region.

Conclusion

The study revealed that the primary sources of contamination in Lake Kishkensor
are man-made radionuclides migrating through groundwater, as evidenced by the
presence of tritium and strontium in bottom sediments and surface waters.

The spatial and vertical localization of radionuclides in the sediments
demonstrates a seasonal dependence of contamination levels, driven by periodic
increases in inflows of contaminated groundwater.

The absence of cesium and plutonium radionuclide migration from sediments
to surface waters indicates their localized accumulation, influenced by sedimentary
processes.
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Practical Application. The results of this study can be used to develop ecological
programs for radiation monitoring and rehabilitation of the Semipalatinsk Test Site
territory. The isotopic ratio analysis methods can be applied to other studies related
to contamination of aquatic ecosystems.

Prospects for Further Research. To gain a deeper understanding of contamination
dynamics, it is recommended to conduct long-term monitoring studies, considering
changes in hydrological conditions and exploring the potential for bioremediation
of contaminated areas.
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