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The aim of this study was to evaluate radiation situation at the “Pirit” peaceful underground nuclear ex-
plosion site. The peaceful underground nuclear explosion “Pirit” with the capacity of 37.6 kt of TNT equiva-
lent was carried out on May 25, 1981 on the territory of the Kumzhinskoye gas condensate field at a depth of
1.5 km. The field is located near the northern coast of the European part of Russia in the delta of the Pechora
River (Nenets Autonomous District). The peaceful underground nuclear explosion “Pirit” was carried out
with the aim to stop the uncontrolled gas gushing. Radiation situation is assessed according to the main indi-
cators: dose rate values and content of technogenic radionuclides in soil and water. The radiation survey in-
cluded determining geographic coordinates of specific landscape elements, measurement and sampling points
using satellite navigators, measurement of ambient dose equivalent rate, identification of gamma-emitting
radionuclides in situ by field gamma spectrometry, sampling of water, photo and video shooting. On the site of
the underground nuclear explosion “Pirit” the values of the ambient dose equivalent rate were in the range of
0.050—0.089 uSv/h, which corresponds to the levels of the natural radiation background. No sites of local ra-
dioactive contamination of soil by ’Cs were detected. The tritium content (less than 5 Bq/kg) in water bodies
does not exceed the levels of fluctuations of this indicator in other regions of the European territory of Russia.
The estimated value of the effective dose due to ingestion of tritium in drinking water in local settlements was
0.044 uSv/year. The radiation situation on the territory of the peaceful nuclear explosion “Pirit” meets the re-
quirements of the Russian Sanitary Regulations and Standards 2.6.1.2819- 10 “Ensuring the radiation safety
of the population living in the regions of nuclear explosions for peaceful purposes (1965— 1988)” and currently
does not pose a threat to public health. Due to the potential danger of technogenic radionuclides coming from
the epicenter of the explosion to the surface for long-term radiation safety, it is necessary to organize radiation
monitoring of the territory adjacent to the explosion site, determine the boundaries of the protected zone and
set appropriate information signs warning of radiation danger.

Key words: peaceful nuclear explosion, underground nuclear explosion, tritium, radioactive contamina-
tion, radiation safety, Nenetsky State Nature Reserve, Pirit.
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duayuonnoti 6ezonachocmu. Mupruiii soephbiii 83pbie «Ilupum» mowHocmoio 37,6 km Ha enyoune 1,5 km
obi1 npouseeden 25 maa 1981 e. na Kymocunckom ea30KoHOeHCamnom mecmopodicoeHuu 6 deavme peku
Ileuopa (Heneukuii agmoHoMHbLil 0KpY2) ¢ Ueablo OCMAHO8KU A8apuUiiH020 Gormanuposanus easa. /lana
OUeHKa paouayuoHHol 06CMAaHO8KU NO OCHOBHbIM NOKA3AMEeNSIM: 3HAHEHUs MOWHOCMU 003bl, codepicanue
MexXHO2eHHbIX padUOHYKAUOA08 6 nouse u eode. Paduayuonnoe obcaedosanue pailona npogedeHUss MUPHO20
a0epHo20 83pviea «[lupum» éxarouano 6 cebs onpedenenue eeoepaguuecKux KOOpOUHAmM CHeyuduuecKux
2neMeHmog Aanouwagpma, mouex usmepenuii u omoopa npood ¢ UCHOAb308AHUEM CHYMHUKOBbIX HABUSAMO-
D08, U3MepeHue MOUSHOCMU AMOUeHMHO020 IKBUBANeHMA 003bl 2AMMA-U3AYHeHUs, UOeHMUPUKALUI0 2am-
Ma-Uu3nyHarnuux paouoHykauoos in Situ Memooom noaesoll eamma-cneKmpomempuu, omoop npod 600bl Ha
codepicanue mpumusi, pomo- u sudeocsemky. B paiione npogedenus mupHoeo si0epHo2o e3pwiga «Ilupum»
3HAYEeHUs. MOWHOCIU aMOUeHMHO020 IKeusareHma 003vl Haxoosmces 6 duanazone 0,050—0,089 mk36/4,
Ymo coomeemcmeayem ypoGHAM eCmecmeeHH020 PadUayUoOHHO20 oHA. YuacmKu 10KaNbH020 paouoaKmus-
H020 3aepszHenus nouswt V’Cs ne o6napycenst. Codepicanue mpumus (menee 5 bk/k2) 6 600HbIX 006eKmax
He npegvluiaem ypogHell Koaebanuii 0aHH020 nNoKasamens @ Opyeux peuoHax e8poneiicKoll meppumopuu
Poccuu. Koncepsamuenas oyenka 003bi QONOAHUMEABHO20 MEXHO2EHHO20 00NyHeHUs OMOeAbHbIX AU U3
HaceneHusi om NOCMYNACHUs. MPUmMUsl ¢ Numwesoll 600oii cocmasuna 0,044 mi36/200. Paduayuonnas o6-
CMAHOBKA HA Meppumopul MUpHo2o s0epHoeo 83puiea «Ilupum» coomeemcmayem mpedosarnusm CanlluH
2.6.1.2819— 10 «Obecneuenue paduayuonHoil 6e30nacHOCmu HAceAeHUs, NPOJNCUBAIOU,e20 8 PALlOHAX NPOGe-
derus (1965— 1988 2e.) s0epHbix 83pbl606 8 MUPHBIX UEASIX»> U 8 HACMOAU e 8PeMsl He npedcmassiem yepo3vl
300pogbio HaceneHus. B ceazu ¢ nomenyuanvHoii onacHocmovio 8bix00a MexHOeHHbIX PAOUOHYKAUOOE U3
SNUYEHMPA 83Pbléa HA NOGEPXHOCMb 015 001208PEeMEHHO20 obecneteHus paduayuoHHol 6e30nacHoCmu He-
00X00UMbl Opeanu3ayus paouayuoHH020 MOHUMOPUHeA MePPUMOpUL, npuiecaroueli K mecmy npogedeHus
83pbla, onpedeneHue epanuy, OXpaHHol 30Hbl U YCMAHOBKA COOMBEMCMBYIOUWUX UHPOPMAUUOHHBIX 3HAKOE,

npeoynpescoarowux o paouayuoHHol OnacHoCmu.

Kiouesbie ciioBa: mupHulii s0epHulii 63pbi6, NOO3eMHbLIL S0epHbLI 83Dbl6, MPUMUIL, paduoaKmueHoe 3a-
2pA3HeHue, paouayuoHHas 6e30nacHocme, 3anoeednux « Heneuyruit», [lupum.

Introduction

Peaceful underground nuclear explosion (PNE) “Pirit” is
one of five explosions conducted to eliminate emergency gas
fountains within the State program “Nuclear Explosions for
the National Economy” in the USSR and the only one in the
territory of the Russian Federation [1]

Uncontrolled gas gushing from well No. 9 into the
environment began on November 6, 1980 during the
development of the Kumzhinskoye gas condensate field. This
field is located near the northern coast of the European part of
Russia in the delta of the Pechora River (Nenets Autonomous
District). Hydrocarbon release exceeded 800 thousand cubic
meters per day. To stop the discharge PNE “Pirit” with the
capacity of 37.6 kt of TNT equivalent was conducted on May
25, 1981 at a depth of 1.5 km. However, due to technical
miscalculations, the emergency did not eliminate, the
hydrocarbon yield increased to 1700 thousand cubic meters
per day. In 1987, well No. 9 was shut in by drilling inclined
wells [1-5]. The emergency at the field caused pollution of the
environment with liquid hydrocarbons.

To reduce the anthropogenic load on the territory and to
stop hydrocarbons inflow to Korovinskaya and Pechorskaya
bays, Maly Gusinets Pechora’s arm was dammed upstream
and downstream to the emergency area and along its entire
perimeter (595x310 m). Channel was separated by a sand
and gravel mixture dam, which height varies from 1 to 6 m. The
area of the territory limited by the dam along the outer contour
is 120 thousand m? The area of enclosed ponds over large
and small craters is about 77400 m?2. Inflow of hydrocarbons
from craters to the territory bounded by the dam continues at
present [3-5].

In 2008 and 2011, surveys conducted by
VNIPIPromtekhnologii commissioned by joint-stock company
“SN Invest” showed no changes in the radiation situation in
the PNE “Pirit” area [3]. According to the results of the works

BeBepgeHve

MwupHbIt saepHbI B3pbiB (MAB) «[Mnput» ctan ogHUM 13
NATU B3PbIBOB, NPOU3BELAEHHBIX C LEenbio IMKBMAALMN aBa-
PUIHBIX (POHTAHOB 3a Mepuon, peanuaauum rocygapcTBeH-
HOWM Nporpammbl «AaepHble B3PbIBbl A9 HAPOAHOrO XO351-
ctBa», B CCCP 1 eAMHCTBEHHBLIM Ha TEPPUTOPUM POCCUIACKOM
®depepaunn [1].

Mpu paspaboTke KyMXMHCKOro ra3okoHAEHCATHOro Me-
CTOPOXJEHWS, PACMONOXEHHOro BOGNM3M ceBepHOro nobepe-
Xbsl eBponeickoit yactu PP B nenbte peku Mevopa (HeHeuknii
aBTOHOMHBI OKpYr), 6 HosA6ps 1980 . HaYanock Heynpaense-
Moe POHTaHMPOBaHME rasa 13 ckBaxkuHbl N2 9 B OKpy>KatoLLyto
cpeny. Buibpoc yrnesogoponos coctaensn 6onee 800 Thic. M3
B CyTKW. [ns OCTaHOBKM OHTaHMpPYIOWEro rasa 25mas
1981 r. 6611 npoBeaeH MAB «Munput» MoLHOCTbIO 37,6 KT (NO
TPOTUIOBOMY 3KBUBANEHTY) Ha rmybuHe 1,5 kM. OgHako B CBSI-
31 C TEXHUYECKMMM MPOCHETAMU ABAPUNHYIO CUTYaUMIO He
yAaN0Cb NMMKBUAMPOBATL, MPON30LLIIO YCUIEHME BbIXOAA yrie-
BogopoaoBs Ao 1700 Teic. M3 B cyTku. B 1987 r. ckBaxmHa N2 9
Oblna nepekpbiTa NyTeM BGypeHns HaKNOHHbIX CKBaXMH [1-5].
ABapuiHas cuTyaLmns Ha MECTOPOXAEHMM Bbi3Bana 3arpsidHe-
HME OKpYXatoLLel Cpeapbl XUOKAMU YrNeBOA0POLAMN.

Ona CHMXEHWs aHTPOMOreHHOW Harpyskum Ha Teppu-
TOPUIO 1 MpeKkpalleHns MOCTYNNEeHNs yrmeBogOPOAOB
B KopoBuHckyto 1 Mevopckyio rybbl npotoka Manbiin l'ycuxel,
Oblna nepekpbiTa ABYMSt MAOTUHAMW, PACMONOXEHHBIMU
BbILLE W HUXE MO TEYEHUI0 OTHOCUTENbHO aBapuUMHOW Mio-
waam n no scemy ee nepumeTpy (595x310 M), n otoeneHa
0aM0b0oln 13 necyaHO-rpaBUNHOM CMECK, BbICOTA KOTOPOW
MeHsieTcs oT 1 0o 6 M. lMnowaab TEPPUTOPUM, OrpaHNYEH-
HoVt famMB0i1 No BHELLHEMY KOHTYpY, cocTaBnseT 120 Teic. M2,
annowaab 3aMKHYTbIX BOAOEMOB Haf, 6OMAbLIMMU 1 ManbIM
KpaTepamu — okono 77,4 Teic. M2, [ocTynneHne yrneBoao-
POOOB 13 KPATEPOB HA TEPPUTOPUID, OrPAHNYEHHYIO AaMOO0A,
B HacTOSLLEE BpeMs npoaosixaercs [3—5].
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performedin 2020 by the researchers of the N. Laverov Federal
Center for Integrated Arctic Research of the Ural Branch of the
Russian Academy of Sciences, Arkhangelsk, no human-made
radionuclides were detected in the surface layer of bottom
sediments and in the aquatic environment [6-8].

At present, the PNE “Pirit” area is located on the territory
of the Nenetsky State Nature Reserve [4, 9-11].

In accordance with the Federal Law of July 11, 2011
“Handling Radioactive Waste and on Amending Certain
Legislative Acts of the Russian Federation” and the Decree
of the Government of the Russian Federation of October
19, 2012 N 1069 “On criteria of assignment for solid, liquid
and gas wastes to radioactive wastes, criteria of assignment
of radioactive wastes to special radioactive wastes and to
disposable radioactive wastes and criteria of disposable
radioactive wastes classification”, PNE are classified as
special (permanent) radioactive waste.

Taking into account the potential danger of the release of
technogenic radionuclides from the central zone of a nuclear
explosion to the surface, a radiation survey of the PNE “Pirit”
nuclear test site was conducted in July 2021 in accordance
with the plan of field works by the Contract No. 81.001.20.2
with the Federal Medical and Biological Agency of Russia.

The aim of this study was to evaluate the radiation
situation in the area of the PNE “Pirit”.

Materials and methods

At the emergency site there is an artificial reservoir,
separated by a dam and surrounded by an embankment
barrier system around it (Fig. 1). The drilling rig was
disposed in the course of the territory rehabilitation works.
A characteristic feature of the artificial reservoir in the area
adjacent to the explosion site is its contamination with

Mo  pesynbtatam  uccnegosaHuin  BHUMUMpom-
TEXHOMOrMK, BbINOSIHEHHbIX MO 3akady AO «CH WuHBecT»
B 2008 n 2011 rr.,, He BbISIBNIEHO HEraTtuMBHbIX NMOCNenCcTBUlA
MAB «[vpuT» Ha pagMaunoHHyio 06CTaHOBKY B paiioHe ero
nposeneHus [3]. Mo pesynbtatam paboT, BbINMOAHEHHbIX
B 2020 . coTpynHukamu denepanbHOro ccnenoBaTenbeko-
ro LLeHTpa KOMMAEKCHOr0 U3y4eHns ApKTUKK UM. akagemmka
H.M. TaepoBa YpO PAH (r. ApxaHrenbck), Takxe He obHapy-
XEHO TEXHOT€HHbIX PAANOHYKIMAOB B MOBEPXHOCTHOM Cloe
OOHHBIX OTNOXEHNIA 1 B BOAHOW cpene [6-8].

B HacToswee Bpema panioH nposeneHus MAB «Muput»
HaxoamTcst Ha Tepputopun PIrBY «focynapcTBeHHBI 3ano-
BeOHWK «<HeHeukunin» [4, 9-11].

B cooTBeTCTBMM C  W3MEHEHUSMW, BHECEHHbIMU
B PepepanbHbiit 3akoH oT 11uona 2011 r. «O6 obpate-
HUW C PaaMOaKTUBHLIMW OTXOO4AMM W O BHECEHUM u3Me-
HEHWI B OTAENbHble 3aKoHOAATesbHble akTbl Poccuiickon
®depepaunn», n MNoctaHoBneHnem [MpaButensctea PO ot
19 okTs6pst 2012 . N2 1069 «O KpUTEpPUSX OTHECEHMS TBEP-
ObIX, XMIOKMX N ra3000pa3HbiXx OTXOLOB K PaaMOaKTUBHBLIM
0TX04aM, KPUTEPUSIX OTHECEHUS PadVNOaKTMBHbLIX OTXO0B
K 0COObIM PaAMOakTUBHBLIM OTXO4aM U K yaansieMbliM paamo-
aKTUBHbIM OTXOAaM W KPUTEpUSX Kraccudukaumn ypanse-
MbIX PaAMOaKTUBHbIX 0TX0A0B», MAB oTHeceHbl K 0coObIM
(He yoansaembiM) pagnoakTUBHBIM OTXOAAM.

YunTbiBas HanmMymMe mnoTeHUuMasrbHOM ONacHOCTM BbIXOAa
TEXHOIMeHHbIX PAANOHYK/INAOB U3 LIEHTPaNnbHOM 30HbI Aaep-
HOrO B3pbIBa Ha MOBEPXHOCTb, B Mtone 2021 1. B COOTBETCTBUM
C NMaHOM 3KCNeANLMOHHbIX PaboT B paMKax BbIMOJIHEHWS FO-
cypapcteeHHoro koHTpakTa N2 81.011.20.2 ot 20 maa 2020 1.
«Pa3paboTka 1 Hay4Hoe 060CHOBaHME paanauMoHHO-rurme-
HUYeCKNX TPeBOBaHNI K OXPaHHbIM 30HaM MUPHbIX SOEPHbIX
B3PbIBOB MpY NepeBoe VX B CTaauio KoHcepsauumn» ¢ PMBA

St.-Petersburg

Puc. 1. PacnonoxeHne mecTa npoBeAeHNS MUPHOIO SAEPHOro B3pbiea «[nput» B HeHeukKom aBTOHOMHOM Okpyre Poccum
[Fig.1. Location the “Pirit” peaceful underground nuclear explosion site in the Nenets Autonomous District, Russia]
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petroleum products. There is a strong odor of oil products
near the artificial reservoir, and oil slicks can be seen along
the perimeter and in the lacunae near the slopes of the
technical site (Fig. 2). Visually maximum concentrations
of oil products (oil slicks along the shore of the artificial
reservoir and oil films on its water surface near the shore)
are noted within the circumferential embankment barrier
around the dam on the left bank in the place where the main
infrastructure elements of the field were located, as well as
near the well K-10 (Fig. 2).

In total 28 wells were drilled within the Kumzhinskoye field:
15 exploration wells (N2N2 6, 7, 9 — 21), six prospecting wells
(NeNe 1 - 5, 8), three structural prospecting wells (Nos. 133 -
135) and four special purpose wells (N2N¢ 25, 26, 27 and 27-
BIS), drilled to eliminate the K-9 well accident (Fig. 2) [3].

K-25 ™

Poccun 6bino npoBefeHo pagmaumoHHoe obcnenoBaHve
parioHa nposeneHns MAB «Mnpnt».

Llenb uccnepoBaHus — OLleHKa COCTOSHUS PaanaumoH-
HOl 06CTaHOBKM B palioHe NPOBEAEHWS MUPHOMO SAEPHOMO
B3pbiBa «[npnt».

Ma‘repmanbl n metToabl

Tepputopusa nposegeHuss MAB «Muput» Haxoamtca Ha
CeBepo-BOCTOKe Pycckoln paBHMHbI, B Aenbte pekn MNeyopsl,
XapakTepu3YIOLLENCcs pPaBHUHHLIM naHawadToMm M 3abo-
JIO4EHHOCTbIO. HaceneHHble nyHkTbl B 30-KnnoMeTpoBoi
30He BOKPYr OTCYTCTBYIOT. Bamxanwuve Kk MAB «[uput» Ha-
cefleHHble NyHKTbI: 1. HapbaH-Map (25 536 4en.) — 50 km n
n. Nckateneir (7412 4en.) — 61 km (puc. 1).

MnowaaKa Ha KOTOPO#A CTOANA BbiLLKa

(MSB «Muput») ..

K-27-BUC-..__

/‘-/ BbllUKa

5/" K-134

- cm—

i ol

3arpaAu1enbnoe
coopyxeHue

Puc. 2. KapTa-cxema pacnonoxeHnst aBapuinHbIX CKBXWH 1 CKBAXMH CNeLmanbHOro HasHavyeHms KyM XunHCKOro ra3okoHAEHCaTHOro
MECTOPOXAEeHNS
[Fig.2. Map of the location of emergency and special purpose wells on the Kumzhinsky gas condensate field]

Exploration well K-9 is located in the wellhead, located on
the elevated left bank of the Maly Gusinets, at a distance of 3
km from the Korovinskaya Bay. Next to it on one side there is a
prospecting well K-5 and an exploration well K-10 (50 and 150
m away from K-9 respectively) and on the other side, 180 m
away from K-9, a structural prospecting well K-134. Well K-25, a
special purpose well drilled to stop the gas condensate fountain
and quench the gas flare, is located 600 m north-west of the
mouth of well K-9 (PNE “Pirit”, depth 1510-1530 m). Well K-26
(1300 m deep), intended to penetrate into the nuclear explosion
Zone, is located 843 m away from well K-9. Well K-27 (2382 m
deep) designed to establish hydrodynamic connection with the
perforation zone of well K-9 and removed from it by 1060 m [3].
The mouth of the well K-27-BIS (about 1000 m deep) designed
to detect the wellbore of K-9 at a relatively shallow depth is
located at the distance of 451 m from K-9 (Figure 3).

Scheme of radiation survey of the PNE “Pirit” area was
previously published in numerous papers, for example in [12,
13]. The radiation survey included determining geographic
coordinates of specific landscape elements, measurement
and sampling points using satellite navigators, measurement

Ha aBapuiiHOM y4acTke HaxoOMTCS WCKYCCTBEHHBbI BO-
00€eM, OTAENEHHbIi AaMBOol U OKPYXKEHHbI HACLINHOW CU-
CTEMOW 3arpaamTenbHOro COOPYXeHMs BOKPYr HeE (puc. 2).
BhbiLka 6bina yTunmauposaHa B xoae paboT no peabunmrauum
TeppUTOpPUN. XapakTepHO 0COBEHHOCTLIO NCKYCCTBEHHOIO
BOAOEMA Ha TEPPUTOPUM, MPpUNEraloLLe K MECTY NPOBee-
HMS B3pbIBa, ABNSETCS €ro 3arpssHeHne HepTenpoaykra-
Mu. Boane MCKyCCTBEHHOrO BOAOEMA OLLYLLAETCS CUJIbHbIN
3anax HedTeNPOAYKTOB, MO NEPUMETPY M B IAKyHaX Y CKJIO-
HOB TEXHNYECKOW MIOLLAAKN BCTPEYAOTCA HePTAHbIE NSTHA
(cMm. puc. 2). BusyanbHO MakcumasbHble KOHLUEHTPaUUK He-
dTenpoaykToB (HedTaHbIE NATHA N0 6epery MCKYCCTBEHHOro
BOAOEMA N HEPTAHBbIE MIEHKM HA €ro BOAHON NOBEPXHOCTU
y 6epera) oTMeyatoTcs B Npeaenax OKPYXHOro HacCbIMHOro
3arpaguTenibHOr0 COOPYXEHMs BOKPYr Aambbl No eBomMy be-
pery, B MecTe, rae 6bin pacrnofioXeHbl OCHOBHbIE 3/1EMEH-
Tbl MHOPACTPYKTYPbI NPOMBLICAA, a Takke Y CKBaXuHbl K-10
(c™m. puc. 2).

Bcero B npepenax KymMmxmHCKoro MectopoxaeHuns npoby-
peHo 28 ckBaxkuH: 15 pa3BenouyHbix (NeN2 6, 7, 9-21), 6 no-
nckoBbIx (N2N2 1-5, 8), 3 cTpykTypHO-NoMcKoBbIX (N2N2 133—
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of ambient dose equivalent rate, identification of gamma-
emitting radionuclides in situ by field gamma spectrometry,
sampling of water, photo and video shooting (Fig. 1-3).

H*(10) was measured at a height of 1 m from the soil
surface using a DKS-AT1121 (ATOMTEX, Belarus). Ambient
dose equivalent rate measurement range for DKS-AT1121
is in range from 5x102 to 1x107 uSv/h. The measurements
were made at a height of 1 m from the soil surface. Location
of ambient dose equivalent rate of the gamma radiation
measurement points on the territory of the PNE “Pirit”
presented in Figure 3. During the field research 208 H*(10)
measurements were made in the surveyed territory. Among
them three were made in the settlements Naryan-Mar and
Iskately and two on the Pechora River at tritium sampling
points.

Gamma-emitting radionuclides were identified using
MKG-AT1321 (ATOMTEX, Belarus) with Nal(Tl) scintillation
detector 25x40 mm energy dependence relative to 662 keV
('*"Cs) Nal(Tl) energy +20% (in the energy range from 50 keV
to 3 MeV). The measurements were made at a height of 1
m from the soil surface. The counting time was 1 hour. The
points of 11 gamma spectrometric measurements are shown
in Figure 4.

Soil sampling and laboratory measurements of the specific
activity of radionuclides in the soil were not made, since the
PNE “Pirit” site was covered with a layer of rubble.

In the area adjacent to the explosion site, 21 water
samples were taken from surface water bodies for laboratory
testing for tritium content (Fig. 5). Also 5 water samples were
taken to determine the tritium content in the settlements and
rivers of the PNE “Pirit” area. Sampling and determination of
the specific activity of tritium in water in counting samples
were carried out on a liquid alpha-beta spectrometer
“Quantulus-1220” (“PerkinElmer”, USA) according to the

35) 1 4 ckBaxXuHbl crieuyanbHoro HasHavyeHus (NeNQ 25, 26,
27 n 27-6uc), NpobypeHHble OSs NMKBMAALMM aBapun Ha
ckBaxuHe K-9 (cm. puc. 2) [3].

PasBenoyHaa ckBaxuHa K-9 Haxogmtcs B yCTbe, pac-
MOMIOXXEHHOM Ha BO3BbLILLIEHHOCTW IeBOro Gepera npoTo-
kn Manbiin l'ycuHey, (pykas lNeyopsl), Ha yganeHum 3 KM OT
KopoBuHckoi rybbl. PSaomM ¢ Heil ¢ 0fHO CTOPOHbI pacno-
nararTcs nonckoBasi ckBaxunHa K-5 1 passefoyHas CkBaxu-
Ha K-10 (yaaneHsbl ot K-9 Ha 50 n 150 M COOTBETCTBEHHO) 1
¢ apyron, Ha paccTosHum 180 M oT K-9 — CcTpyKTypHO-nouc-
koBas ckBaxkumHa K-134. CkBaxuHa cneupnanbHOro HasHave-
HKS, NPobypeHHas A 0CTaHOBKM hOHTaHa ra3okoHAeHcaTa
1 raleHuns razosoro dakena, K-25 (MAB «[vuput», rmybuHoi
1510-1530 ™), pacnonaraetcsa B 600 M kK ceBepo-3anagy oT
ycTbst ckBaxkuHbl K-9. CkBaxuHa K-26 (rny6uHor 1300 m),
npefHa3HavyeHHas nns NPOHUKHOBEHUS B 30HY aTOMHOMO
B3pbIBa, pacnosaraeTcs Ha paccTosiHum 843 M OT CKBaXMHbI
K-9. CkaxuHa K-27 (rnybuHoli 2382 M) npefHasHaveHa onis
YCTaHOB/IEHUSI TMOPOANHAMMNYECKOWN CBS3M C 30HOWN nepdo-
paumu cTBosa ckBaxkuHbl K-9 n ynaneHa ot Heé Ha 1060 m [3].
YcTbe ckBaxuHbl K-27-BUC (rnybuHoin okono 1000 m), npea-
Ha3Ha4YeHHoWN ona obHapyxeHus cTtBona K-9 Ha oTHocUTeNb-
HO HebOoNbLLIOW MMybuHe, PaAcmoIOXEHO Ha PaccTosaHUM 451 M
ot K-9 (cm. puc. 2).

PagmaunoHHoe o6cnenoBaHue paoHa npoeeaeHs MAB
«MnpuT» NPOBOAMMOCHL MO TPaAMUMOHHONM cxeme [12, 13],
KOoTOpas BK/oYana B cebsa onpeneneHve reorpaduyeckmx
KoopAMHaT cneumduyeckux anemMeHToB naHawadTa, To4ek
na3mepeHuii n otéop nNpob ¢ MCNoNb30BAHUEM CMYyTHUKOBbLIX
HaBMraTopoB, M3MEpPEHWE MOLLHOCTU aMOVEHTHOro 3KBU-
BasieHTa 403bl ramma-umanyvyeHuns (MA3/), naeHTndunkaumio
raMmMa-un3nyyaroLmx paguoHykanaoB in situ MeTogom nosne-
BOW raMma-crnekTpoMeTpum, 0T6op Npod BoApbl Ha coaepxa-
Hue TpuTKns, GoTo- 1 BUAEO-CbeMKY (puc. 3-5).

Puc. 3. Toukun namepennii MA3/1 Ha TeppuTopmm, NpueraioLLei K Mecty npoefeHust MAB «Muput»
[Fig.3. Locations of ambient dose equivalent rate measurement points (arrow) on the territory of the PNE “Pirit”]
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Macwra6: 1:5 000

Puc. 4. Toukun npoBefeHns ramMma-crnekTpoMeTPUYECKUX NCCneoBaHmnim
[Fig. 4. Sites of gamma spectrometric measurements (pin) on the territory of the PNE “Pirit”]

Puc. 5. Toukn ot6opa npob BOAbI 13 NOBEPXHOCTHLIX BOJAOEMOB Ha COAEPXaHNe TPUTUS Ha TEPPUTOPUM, NPUEratoLLel K MecTy
nposenexns MAB «[Muput»
[Fig. 5. Location of sampling points (circles) for determination of tritium activity concentration in water at the region of the PNE “Pirit”]

method described in the article by Ramzaev V.P. et al. [14].
At duration of measurements of 360 minutes the minimum
detectable activity was equal to 2 Bg/L. Taking into account
that in the current Russian Norms of radiation safety. SanPiN
2.6.1.2523-09 NRB-99/2009 (hereinafter NRB-99/2009) the
intervention level for drinking water is dimensioned in Bg/kg

NamepeHrne MAS/, BbINOHANOCHL Ha BbicOTe 1 M OT no-
BEPXHOCTM MoyBbl C nomouwpio OKC-AT1121 (ATOMTEX,
Benapycb) ¢ Anana3zoHOM U3MEPEHNIA HEMPEPBLIBHOMO PEHT-
reHOBCKOro 1 ramma-umanydenus ot 5x102 go 1x107 mk3B/u
1 Npeaenom 4onyckaemMon ONOSHUTENBHON OTHOCUTESNIbHOM
norpewwHoctT £10% npu n3mMeHeHnn TemnepaTtypbl BO3ayxa
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(specific activity), the results obtained are also given in this
dimension. The density of water at 20 °C was taken as 1.00 g/
cm? (rounded from 0.9982 g/cm?) [15].

Visualization of the measurement and sampling points
as well as of the fixed landscape features in the investigated
territory was performed using the geoinformation system
Maplinfo 7.8.

The internal exposure dose of a representative individual
due to the intake of ®H with drinking water in the settlement
(Ewater sett1 ) was calculated by the formula:

— H3
Ewater_settl = Myater * Ai " €H3

where:

A3 — the maximum specific activity of ®H in the water
from / drinking water sources in the settlement; ¢, dose
coefficient for °*H entering the body of an adult with drinking
water, which in accordance with NRB-99/2009 (see Annex
2a to NRB-99/2009) is 1.8*10°uSv/Bq; m, . — annual water
consumption is assumed to be 730 kg.

Results and discussion

Visual inspection of the PNE “Pirit” site showed a
significant improvement in the sanitary condition compared
to the data presented in the literature [3]. Currently, the area
surrounding the accident-free wells (special purpose wells)
has been reclaimed, the areas around the wells are backfilled
with gravel mixture. However, there are some dismantled
wooden structures and parts of metal structures in the area
around the special purpose wells (Figures 2 and 6).

o1 -30 °C po +50 °C (0THOCUTENIbHO HOPMaJIbHbBIX YCOBUIA).
Toukn nameperuii MAS/, Ha TeppuUTOpUKN, NpUIeratoLwen K
MecTy nposefeHna MAB «Munput», npeacTasfieHbl Ha PUCYH-
ke 3. Bcero Ha o6cnenoBaHHol TeppuTopumn 66110 NpoBeae-
HO 208 namepeHuini MAS/], 13 KOTOPbIX 3 BbINOMHEHO B Ha-
ceneHHbIx NyHkTax (HapbaH-Map v noc. Vickatenen) n 2 — Ha
peke lNeyopa B Toukax oTéopa Npob BoAbI.

NpeHTndukauma  ramma-usnyyarowmx — paguoHykIn-
noB npoBoaunacb ¢ nomoulbio MKIM-AT1321 (ATOMTEX,
Benapycb) € CUMHTUANAUMOHHBLIM aeTekTopom  Nal(Tl)
025x40 MM; 3HepreTuyeckasl 3aBMCUMOCTb OTHOCUTENBHO
aHeprum 662 kaB (*’Cs) Nal(Tl) £20% (B aranasoHe aHeprui
o1 50 kaB o 3 MaB). MiamepeHus BbINOAHANMCH Ha BbICOTE
1 M OT NOBEPXHOCTM NOYBbI, BPEMS 3KCNO3unLUMK — 1 4. Toukn
nposegeHnss 11 ramma-cnekTpoMeTPUYECKUX U3MEPEHUN
NpeacTaBneHbl HA PUCYHKeE 4.

OTt60p Npo6 No4Bbl U NabopaTopHbIe U3MEPEHUS YAENb-
HOW aKTMBHOCTW PaAMOHYKINMOOB B MOYBE HE MPOBOAMNCS,
NMOCKOJIbKy MnoLLazka 06bekTa Oblna OTChinaHa Cnoem LLebHs.

[ns nabopaTopHOro MccnenoBaHvs CoaepXaHus TPUTKS B
Boae Oblnm 0ToOpaHbl 21 Npoba Bobl 13 NOBEPXHOCTHLIX BO-
[0EMOB, PACMOJIOKEHHbBIX HEMOCPEACTBEHHO HA TEPPUTOPUN,
npunerarwLLel K MeCTy NPOBEAEHMS B3pbIBa, U 5 Npob 13 uc-
TOYHMKOB MWUTLEBOr0 BOLOCHAOXEHWUS] HACENEHHbIX MYHKTOB
1 pek parioHa (puc. 5). O6op Npob 1 onpeneneHve yaenbHON
aKTVMBHOCTM TPUTUS B BOZE B CHETHBLIX 006pa3Liax BbINMOSHEHbI HA
XNOKOCTHOM  anbda-6eta-cnektpometpe «Quantulus-1220»
dupmbl «PerkinElmer» (CLLIA) no meToavke, ONMCaHHOW B CTa-
Tbe Pam3aesa B.I1. v ap. [14]. MNpu NpoaoIXUTENBHOCTU U3Me-

Puc. 6. CaHuTapHoe cocTosiHMe 0XpaHHO 30HbI MAB «Mnput»
[Fig. 6. The sanitary condition in the protected zone of the PNE “Pirit”]
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Not all wells in the protected zone are equipped with
concrete bollards and fences. There are no informational
signs warning on radiation hazards within the boundaries of
the protected zone.

The results of the H*(10) measurements recorded in the
area of the PNE “Pirit” ranged from 0.050 to 0.089 uSv/h
(mean 0.064; SD 0.006 uSv/h) (Fig. 4), which corresponds
to the levels of natural background (0,11 uSv/h) [16]. The
highest values of H*(10) were measured in points covered
with rubble, and the lowest values were measured in marshy
lowlands.

Field gamma-spectrometric surveys show that there are no
areas of local contamination with technogenic radionuclides
on the PNE “Pirit” site. Figure 7 shows an Example of spectra
measured on the territory of the PNE “Pirit”.

peHuii 360 MUH MUHMMaNbHO AeTeKTUpyemasi akTMBHOCTb PaB-
Ha 2 Bk/n. YunTblBasi TO 06CTOSATENBLCTBO, HTO B AEMCTBYIOLLMX
HPB-99/2009 ypoBeHb BMeLLATENLCTBA A1 MUTLEBOW BOAI
MMeeT pa3MepHOCTb Bk/Kr (yaoenbHas akTMBHOCTL, YA), nony-
YeHHble Pe3ynbTaThl TAKKe NPUBOOATCS B STOM Xe pa3MepHO-
ctu. MnotHocTb Boabl npu 20°C 6bina npuHaTa paeHon 1,00 r/
cm® (okpyrneHo ot 0,9982 r/cv®) [15].

Kaptorpaduyeckas Bu3yanusaumst TOYEK WUSMEPEHUA ©
oTbopa npod, a Takke 3adUKCUMPOBAHHBLIX OCOOEHHOCTEWN
nangwadTa Ha ccneaoBaHHOM TEPPUTOPUN BbINOJSIHEHA C UC-
Nonb30BaHNEM reoMHGOPMaLMOHHOM cucTeMbl Mapinfo 7.8.

[lo3a BHyTpeHHero o6ny4yeHusi NpeacTaBUTENIbHOrO MH-
OVBMAYYyMa 32 CHET NocTynnexus °H ¢ NTbeBoI BOAO B Ha-

CENEHHOM NYHKTE ( Epyop, 4y ) PACCUMTBIBANACH MO DOPMYTIE:

— H3
EBoga_Hn = Mgyopa * Ai *€us

CKopocTb cyera, UmMn/c
° e 9o e 9o o o
o o [=] o o o o
N w S (2] (-] ~ =)

o
o
=

40 |

Wﬂ-zoe
A

T T

-1 0.08

SCS‘37 =0.0682 +/- 0.0856 umn/c
SpionesTi0s=0-127 Mun/c T*Y
Smo =0.045 wmn/c -1 0.06
Saiza =0.0236 umn/c 4005
S =0.00841 wmn/c

TI208 4 o.04

-1 0.03

-1 0.02

-1 0.01

500 1000

1500

0
2000 2500 3000

SHeprus, k3B

Puc. 7. Mpumep cnekTpa, namepeHHoro 8 03 MAB «Mnput»
[Fig. 7. Example of spectra measured in the protected zone of the PNE “Pirit”]

The minimum value of the specific activity of tritium in
the selected samples was below the minimum detectable
specific activity of 2 Bg/kg. The maximum value of the specific
activity in the samples was 4.15 Bg/kg (osm. 15%), while the
intervention level for tritium in drinking water according to
Annex 2a of NRB-99/2009 is 7600 Bq/kg. The results are
generally consistent with the data of Roshydromet [16].

The results of measurements of the specific activity of
tritium in water samples from settlements are presented in
Table.

roe:

AH3 — MaKcumarbHast yaesbHasi akTUBHOCTb °H B BOZE M3
i-r0 UCTOYHMKA MUTLEBOrO BOOOCHAGXEHWS B HAaceNIeHHOM
MYHKTE; €, — A030BbIN KO3OULMEHT Npu nocTynneHumn °H
C NMUTLEBOW BOLOV B OpraHnM3mM B3POCJIOro YenoBeka, KoTo-
pbii B cooTBeTcTBMM ¢ HPB-99/2009 (cM. npunoxeHue 2a K
HPB-99/2009) paseH 1,8-10-° mk3B/BK; m, .. — TOAO0BOE no-
TpebneHne Boapl, NpUHATOE B cooTBeTcTBMM ¢ HPB-99/2009
paBHbiM 730 Kr/roa.

Tabnvua
YaenbHas akTUBHOCTb TPUTUSA B Npo0ax BOAbl U3 HaCceJIeHHbIX MYHKTOB U pek paiioHa npoeegeHus MAB «Muput»
[Table
Activity concentration of tritium (AC) in water samples collected at settlements and rivers in the area of the “Pirit” PNE site]
3
MecTo oTbopa YA H’_EK/ kr Owwnbka,%
[Location] (T vamep.=10560 c) Error,%
[VA®H, Ba/kg] '
r. HapbsiH-Map, roctunuua «67 napannens» (yn. lNonspHas, 4. 7) 208 o4
[Naryan-Mar, hotel “67 Parallel” (street Polyarnaya, 7)] ’
noc. Nckatenen, agMnMH1CTpauus 3anosBegHmka «<HeHeukmin» 333 17
[Settlement Iskateley, administration of the Nenetsky State Nature Reserve ] ’
MpoTtoka YnbaHos LLap nepen snageHnem B npotoky Mansin Nycunew, 247 29

[The Ulyanov Shar arm before flowing into the Maly Gusinets arm]
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OkoHYyaHue TabnuLbl

YA ®H, Bk/kr

MecTo oTbopa Owmnbka,%
. (T namep.=10560 c) o
[Location] [VA®H, Ba/kg] Error,%
Peka BonbLuoin NycuHey,
[River Bol’shoy Gusinets] 245 23
Peka 3axpebeTHas Kypbs 253 20

[River Zahrebetnaya Kurya]

Table shows that the maximum specific activity of °H
in water from drinking water supply sources was identified
in Iskateley settlement (3.33 Bqg/kg). The conservatively
estimatedaccordingformula 1internaldosetoarepresentative
individual due to 3H with drinking water in the settlement is
0.044 uSv/year. This value is negligible in comparison with the
public dose limit of 1 mSv/year and three orders of magnitude
lower than the permissible value of 0.3 mSv/year established
in SanPiN 2.6.1.2819-10 “Ensuring the radiation safety of
the population living in the regions of nuclear explosions for
peaceful purposes (1965-1988)"".

Conclusions

Radiation survey revealed that the radiological conditions
on the PNE “Pirit” site meet the requirements of SanPiN
2.6.1.2819-10 “Ensuring radiation safety of the population
living in areas of nuclear explosions (1965 — 1988) for peaceful
purposes”. The level of ambient dose equivalent rate is at the
level of fluctuations of natural regional radiation background.
There are no areas with local radioactive contamination. Tritium
content in water bodies is within the range of values typical for
water bodies of the territory of the Russian Federation.

At the same time, not all wells are equipped with concrete
bollards and fences on the territory of the “Pirit” PNE, and
there are no information signs warning of a ban on drilling. On
the territory there are separate dismantled wooden buildings
and parts of metal structures, the boundaries of the protected
zone are not marked.

To ensure long-term radiation protection, it is necessary
to organize radiation monitoring of the territory adjacent to
the explosion site. The materials presented in this article can
serve as a basis for a comparative analysis of the results of
such monitoring.
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Pe3ynbTratbl n o6cyxaeHne

BusyanbHoe obcnenosanve Tepputopun MAB «Muput»
nokasasno, 4TO ee CaHMTapHOe COCTOSIHME CTano 3Ha4nTeNb-
HO Nlyylle MO CPaBHEHWIO C AaHHbIMW, NPEeLACTaBAEHHbIMU
B nuTepatype [3]. B HacTosiLee BpeMs TEppUTOPUS, OKpyXa-
oLLas 6e3aBapuiiHble CKBaXMHbI (CKBaXKUHbI CMELMaibHOro
HasHa4YeHns1), PeKynbTUBMPOBAHA, MIOLLAAKN BOKPYr CKBa-
XWH 3acbinaHbl FPaBuinHOM cmMecblo. OJHAKO Ha TeppuTOopUn
PSAOM CO CKBaXUHAMM CNeELManbHOro HadHavYeHns BCTpeya-
l0TCS OTAENbHBbIE PA306PaHHbIE AEPEBSAHHBIE CTPOEHNS 1 Ya-
CTV METaJTOKOHCTPYKLMIA (prc. 2 1 6), rpaHuLLbl OXPaHHOM
30HbI He 0603HaYEHbI.

MecTa He BCex CKBaXMVH, HaXOAALLMXCS Ha TEPPUTOPUM
M4AB, obopynoBaHbl GETOHHBIMW TymbGamMu U Orpagamu.
NHdopMaLmOoHHbIE 3HaKK, Npeaynpexaatowme o paguaun-
OHHOU OMacHOCTW, OTCYTCTBYIOT.

Peaynbtatel un3mepenuii MA3[, 3aduUKCMPOBaHHbIX
B palrioHe nposeneHus MAB «Muput» B HeHeukom AO, Ha-
xoonnuck B auana3oHe o1 0,050 no 0,089 mk3B/4 (CpenHee
0,064; cT1. otkn. 0,006 Mk3B/4), YTO COOTBETCTBYET YPOBHSAM
€CTEeCTBEHHOIr0 PErnoHanbHOro pagvaumoHHoro GoHa, co-
crasnsiiowero 0,11 mk3B/4 [16]. Hanbonee BbiCOKME 3Ha-
yeHns MA3/ durkcupoBanncb B MeCTax OTChINKW LWebHeM,
a Hambonee HU3kne — B 60NOTUCTbIX HASKHAX.

PeaynbtaTthl aHanM3a noneBbix CMEKTPOB Mokasanu, 4To
Ha Tepputopun MHAB «[upnT» OTCYTCTBYIOT y4acTKM NO-
KanbHOro 3arpsi3HEHUST TEXHOrEHHbIMU  PaAMOHYKIMAAMMU.
Ha pucyHke 7 pgaH npumMep nonesoro criektpa, noay4eHHoro
Ha TeppuTopun, Npunerawwen Kk mecty nposegeHns MAB
«[Mnput».

Pe3ynbtatbl M3MepeHuii Tputust B npobax BOAbl, OTO-
OGpaHHbIX B BOJOEMAX HA TEPPUTOPUM 0OBEKTA, MOKasasu, YTo
MUHVMaJIbHOE 3HAYEHWNE YAENIbHOW aKTUBHOCTUN TPUTUS BbINo
HUXE MWHVUMANbHO OEeTEeKTUPYEMOW YAENbHOM aKTUBHOCTU
2 bk/kr, a MakcumanbHoe 3HadveHue coctaBuno 4,15 bk/kr
(ow. 15%), 4TO CYLLECTBEHHO MEHbLLE YPOBHS BMeELLATENb-
CTBa Ana TpuTUS B NnTbeBor Boae 7600 bk/kr B COOTBETCTBUM
¢ Mpunoxennem 2a HPB-99/2009. MonyyeHHble pedynbTathbl
COornacytoTcs Takxke ¢ gaHHbiMun Pocrngpometa [17].

Pesynbtatbl M3MepeHul yOenbHOW akTMBHOCTU TpU-
VS B Npobax BoApbl U3 HACEsIEHHbIX NMYHKTOB NpPeACTaBeHbI
B Tabnuue.

M3 Tabnuubl BUOAHO, YTO MakKCUMasbHas yaenbHas akTuB-
HOCTb °H B BOZE U3 UCTOYHMKOB NMUTLEBOrO BOLOCHAOXEHNS
6bina 3adumkcmposaHa B n. Mckarteneit (3,33 bk/kr). Josa
BHYTPEHHEr0 06Ny4eHnst MPEACTaBUTENBHOrO MHAMBUAYYMA

' CaHlNMuH 2.6.1.2819-10 «Ob6ecneyeHne pagnaumMoHHon 6e30MacHOCTU HaceneHus, NMPOXKMBAIOLWEro B parioHax nposeneHus (1965-
1988 rr.) aaepHbIX B3pbIBOB B MUPHbLIX Lensx» [Sanitary Regulations and Standards 2.6.1.2819-10 "Ensuring the radiation safety of the
population living in the regions of nuclear explosions for peaceful purposes (1965-1988)" (In Russ.)]
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3a cyeT noctynnexus °H ¢ gaHHO 06bEMHOIN aKTMBHOCTbIO,
paccumTaHHasa no dopmyne 1, coctaensiet 0,044 mk3B/roa,
YTO 3HAYUTENbHO HUXE A0NYCTUMOro 3HavyeHus 0,3 m3B/roa,
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3akn4eHue

Pesynbtathl nccneqoBaHuin nokasann, YTo paguaLmoHHas
obcTaHoBka Ha Tepputopun MAB «Muput» Ha MOMEHT mccne-
[l0BaHVsi COOTBETCTBYET TpebosaHuam CaHlvH 2.6.1.2819-10
«ObecneyeHne pagnauMoHHO Ge30MacHOCTU HaceneHus,
npoxwuBatollero B paioHax npoeeneHust (1965-1988 rr.)
A0EePHbIX B3PLIBOB B MUPHbIX LENsx». 3HaY4eHUss MOLLHOCTU
aMOWEHTHOro 3KBMBAJIEHTA 003kl HAXOAATCS B Npeaenax Ko-
nebaHunin ectecTtBeHHOro ¢poHa. Ha Tepputopun obbekTa He
BbISIBNIEHbI YYACTKM 3arpsi3HEHUST TEXHOTEHHbIMU PaaVOHY-
Knuaamu. YpoBHM cofepXaHus TpUTUS B BOAOEMAX Ha Tep-
putopun MAB «[TnpnT» 1 B HACENEHHbIX MyHKTaX HaxoasTCs
B Npeaenax, xapakrtepHbix oy1a Poccuiickon Mepepaumn.

B 10 xe Bpemsa Ha Tepputopun MAB «[lnput» He Bce
CKBaXWHbI 060PYA0BaHbI GETOHHBLIMU TyMBGaMK 1 Orpagamu,
OTCYTCTBYIOT MHOOPMAUMOHHbBIE 3HAKKW, NpeaynpexaatoLme
0 3anpeTte Ha nposeAeHne BypoBbix paboT. Ha Tepputopumn
BCTPEYaloTCs OTAENbHbIE Pa300paHHbIe IePEBSHHbIE CTPOE-
HUSI 1 YaCTW METANINOKOHCTPYKLUMIA, FPaHuLLbl OXPaHHOM 30HbI
He 0603HaY€eHbI.

Onsa [oonroBpemMeHHOro obecnedyeHns paavauyoHHON
6e30nacHOCTM Heobxoauma opraHvM3aumus paguaumoHHOro
MOHUTOPUWHIa TEPPUTOPUN, NPUMEratlLLen K MecTy npose-
[eHvs B3pbiBa. MaTtepuansl, npecTaB/eHHble B JaHHON CTa-
Tb€, MOTYT CYXXWUTb OCHOBOW OJ11 CPaBHUTESIbHOrO aHanmaa
pe3yNbLTaTOB TAKOr0 MOHUTOPUHIA.

Wncopmaumnsa o KoHhNMKTe UHTEPECOB
ABTOpbI 3aBNAOT 06 OTCYTCTBUM KOHMNMUKTA MHTEPECOB.
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