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Radioactive glassy inclusions in the soil sampled at the “Taiga” peaceful
underground nuclear explosions site (the Perm region, Russia)

Valery P. Ramzaey, Viktor S. Repin
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for Surveillance of Consumer Rights Protection and Human Wellbeing, Saint-Petersburg, Russia

Activities of gamma-emitting radionuclides were measured in glassy inclusions (particles) found in soil
samples from the “Taiga” peaceful nuclear explosions site (the Perm region, Russia). The measurements were
performed using a stationary semiconductor gamma spectrometer. Activity concentrations were determined for
the following technogenic radionuclides: “°Co, **Nb, ’Cs, '*?Eu, "*Eu, " FEu, and **Am. The activity con-
centrations of *'Am in the glassy inclusions were one to two orders of magnitude higher compared to the level
of minimum significant activity concentration (1 Bq/g for >’ Am) established by the Russian Radiation Safety
Standards “NRB-99/2009”. Earlier, exceeding this level for the "’ Am activity concentration in the native
(unfractionated) soil samples from the “Taiga” site was reported by other researchers. In accordance with
current Russian legislative and regulatory provisions regarding use of nuclear charges for peaceful purposes,
the soil and radioactive glassy inclusions found in the soil correspond to the category of special radioactive
waste. Considering the long half-life of *'Am (432 years), radiologically significant contamination by this
radionuclide will persist at the “Taiga” site for the foreseeable future.

Key words: peaceful underground nuclear explosion, “Taiga”, soil, glassy inclusions, technogenic radio-
nuclides.

PaanoakTuBHble CTEK1I0BMAHbIE BKAOYEHUA B No4YBe, 0To6paHHON
Ha MecTe NPoBeAEeHNA MUPHbIX NOA3EMHbIX AAEPHbIX B3pbIBOB
npoekrta «Taira» (Mepmckuin kpain, Poccus)

B.I1. Pam3aes, B.C. Penun

Cankrt-IleTepOypreKuii HAayIHO-MCCIIeAOBATSILCKII MHCTUTYT paglalliOHHON TUTHEHBI MMEHM Tpodeccopa
I1.B. Pam3zaesa, ®enepanbHas ciysk0a Mo Ham30py B cepe 3alIUTH IIpaB MOTPEOUTENICH U OJIarOTIOTydHsT
yesnoBeka, Cankr-IletepOypr, Poccust

H3mepena akmueHoCmb eaMMa-usnyHarouux pacuoHykKAUud08 6 CmekA08UOHbIX BKAIOYEHUSX (Yacmu-
Uax), 0OHAPYICEHHBIX 6 nouee, Komopas Oblia OMoOpana é mecme NPOEEOCHUs MUPHBIX A0ePHbIX G3PbIBOE
npoekma «Taiiea» ([lepmckuii kpaii, Poccus). Hzmepenus 6viau npogedeHsvl ¢ NOMOUbIO CIMAUUOHAPHO-
20 NOAYNPOBOOHUK08020 2eamma-cnekmpomempa. boiuia onpedenena ydeavhas akmueHocmb cAedylOUsUX
mexHozeHHblX paduonykaudos: “°Co, **Nb, 5’Cs, ?Fu, *Eu, "Eu u *’Am. 3nauenus yodeavnoi akmue-
Hocmu *"Am 6 cmekaoeuonbix @Kal0MeHUsx Ha 1—2 nopsaodka eéeauuuHbl nPesblulani ypoeeHs MUHUMANb-
HO 3Hauumoil yoeavroti akmuernocmu (1 brx/2) no HPH-99/2009. Ilpesviuieriue 3moco ypogHs yoeavHol
akmuenocmu **'Am 0b110 3apecucmpuposano panee OpyeuMu UCCAe008aMeNIMU 8 HepPaKyUOHUPOEAHHOL
(Hamuenoit) nouse. B coomeemcmeuu ¢ 0eilcmeyruUMU poCCUUCKUMU 3aKOHO0AMeAbHO-HOPMAMUBHBIMU
NON0NCEHUAMU, KACAIOWUMUCS UCNOAb308AHUS 0ePHbIX 3aps008 6 MUDHBIX UeasX, No46a U 0OHapYlIceHHble
6 Hell paduoaKmueHble CMeKA08UOHbIE BKAIOUEHUS COOMBEMCMBYIOM Kame20puu 0Co0bIX paduOaKMUEHbIX
0mx0008. Yuumvieas oarumenviuiii nepuod noaypacnada **'Am (432 eooa), paduosoeuuecku 3nauumoe 3a-
2pA3HeHUe NO4Ebl SMUM PAOUOHYKAUOOM Ha o0sexkme « Taiiea» 6yoem coxXpanamuvcs 6 0003pumoil 8peMeHHOl
nepcnexmuee.

KimoueBbie clioBa: mupHbiil nodzemublil 10epHblil 83pbie, «Tatiea», nouea, cmeka08UOHbIe BKAIOYEHUS,
mexHo2eHHble PAOUOHYKAUObL.
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PaanauyvoHHble n3amepeHusa

Introduction

One of the consequences of an underground nuclear ex-
plosion is formation of a deep cavity where radioactive prod-
ucts of the explosion are concentrated. The underground cav-
ity is partially filled with a glassy (vitreous) substance which is
formed in the very initial phase of the explosion by melting,
evaporation and condensation of the components contained
in the explosion zone [1-3]. The long-lived technogenic ra-
dionuclides present in the components (including the glassy
substance) of the underground cavity originate from nuclear
fuel residues (for example, 2*U, 23°Pu), products of nucle-
ar transformations of nuclear fuel components (**'Am from
241Py), fission products (**’Cs, '*°Eu), products of activation
of non-radioactive components of explosive device (°Co),
and activation products of natural nuclides ('52Eu) [2]. The
radioactive products that were captured by the glassy mass
practically do not migrate into the environment [1]; the solid-
ified rock melt itself can be considered as a place for a fairly
reliable burial of the long-lived technogenic radionuclides at
great depth underground [4].

When conducting peaceful nuclear explosions (PNE) at
shallow depths with the aim of ejecting rock onto the surface
of the earth (an excavation explosion to create a dam, canal or
lake), conditions are also created for the release of glassy ma-
terial (in the form of radioactive particles) from the explosion
zone to the surface. For example, relatively small radioactive
vitreous particles (size up to several millimeters) and pieces
of radioactive slag were found on the crest of the soil pile at
the site of the “Chagan” PNE (Semipalatinsk Test Site (STS),
Kazakhstan, 15.01.1965). The slag fragments had irregularly
shape and sizes up to several centimeters [4]. Studies of the
physicochemical properties and radionuclides composition of
such glassy and melted formations in comparison with native
soil are of particular interest for predicting radioactive con-
tamination of water bodies, because the rates of leaching of
technogenic radionuclides from the glassy particles and from
the soil can vary significantly [4, 5]. In addition, it is highly like-
ly that the residual radioactive contamination of glassy parti-
cles and fragments may be very significant and even pose a
danger from a radiological point of view, because in the cam-
ouflage explosions, up to 95-98% of the residual activity of
long-lived technogenic radionuclides is contained precisely in
the glassy material deposited at the bottom of the explosion
cavity [4].

There are two sites of excavation PNEs on the territory of
Russia: the “Crystal” site (thermonuclear explosion to create
a dam, 02.10.1974) and the “Taiga” site (simultaneous deto-
nation of three thermonuclear charges to create a section of a
canal, 23.03.1971) [4, 6, 7]. Large-scale isolation works were
carried out at the “Crystal” site; the most contaminated areas
were covered with clean rock. No works on decontamination
and physical isolation of radioactively contaminated places
were performed at the “Taiga” PNE site.

In 2009 at the artificial lake on the “Taiga” site (61.30°
N, 56.60° E; the Perm region) (Fig. 1), the expedition of the
Saint-Petersburg Research Institute of Radiation Hygiene
after Professor PV. Ramzaev (RIRH) collected soil samples
[6]. Laboratory analysis of unfractionated native soil revealed
presence of a number of long-lived anthropogenic radionu-
clides (®°Co, *Nb, '*"Cs, 'S?Eu, '**Eu, 'SSEu, 2"Bi, *'Am) [8].
After the gamma spectrometric analysis, all soil samples

Beepenve

MocnencTBUSIMM  SiAEPHBLIX  B3PLIBOB, MPOM3BEOEHHbIX
B MUPHbIX U OBOPOHHbBIX LENsx nog, 3eMnei, ABAsTCS ry-
OUHHbIE PaAMOaKTUBHBLIE 3aXOPOHEHMWSl, COCPEOOTOYEHHbIE
B MOSI0CTU B3pbIBa. [loa3eMHas nofocTb YaCTUYHO 3anonHe-
Ha CTEKNOBUOHOW Maccoi, koTopas obpasyeTcs B CaMoii Ha-
yasibHOM ¢a3e B3pbiBa MyTeM pacrnsaea, UCMapeHnst N KOH-
[eHcalmm coaepXaLlmxcs B 30He B3pbiBa KOMMOHEHTOB [1-3].
CTpYKTYypHbIE 91EMEHTbI MOA3EMHOM MONOCTU 1, B HACTHOCTU,
CTEKJIOBMAHAS Macca COAepXaT AOMrOXMBYLUME PAAMOHYK-
napl PasnMyHOro MPOUCXOXAEHUA: U3 OCTaTKOB SOEPHO-
ro roptoyero (Hanpumep, 2°°U, 2°Pu), npoaykToB AOEpHbIX
NMpeBpaLLEeHnii KOMNOHEHTOB fiAepHOro roptodero (2*'Am us
21Pu), npoaykToB aenenus ('¥’Cs, '5Eu), npoaykToB akTuBa-
LM HEPAOMOAKTUBHBIX KOMMOHEHTOB B3PLIBHOIO YCTPOCTBA
(5°Co) 1 NpoayKTOB akTMBaLMN NMPUPOAHBLIX HYKINA0B ('52Eu)
[2]. Copepxalumecs B CTEKIOBUAHOM MacCe PaanoakTBHbIE
NPOAYKTbI B3pbiBa B AaJibHENMLLEM NPaKTUYEeCKN He MUrpUpYy-
10T B OKpy>XaloLyto cpedy [1], a cam oTBepAEeBLUMIA pacnias
nopoJ, MOXHO paccmaTtpuBaTb B ka4ecTBe obbekTa (MecTa)
[0CTATOYHO HALAEXHOrO 3aXOPOHEHUS [ONTOXMBYLLMX TEXHO-
reHHbIX PAAMOHYKIIMAOB Ha 60MbLLIOK rybuHe noa 3emneri [4].

Mpun NpoBegeHNn MUPHBIX a4epHbIX B3pbiIBOB (MAB) Ha
HebonbLLOKN rybuHe C uenblo BbiBpoca rpyHTa Ha noBepx-
HOCTb 3EMJIM (3KCKaBaLMOHHbI B3PbIB AJ151 CO34aHMs KaHana,
03epa Uy NANOTUHbI) TakxKe CO30atTCs YCNoBus st BbIOpo-
Ca Ha NOBEPXHOCTb U CTEKJIOBUOHOIO Matepuana (B ¢opme
pafmnoakTMBHLIX YacTuL,), 06pa30BaBLLErOCs B 30HE B3pbIBa.
Hanpumep, Ha rpe6He HaBana rpyHTa (Mo4YBbl) B MECTE NPOBE-
OeHnn akckaeaumoHHoro MAB «Yaran» (CemunanaTmHCcKnin
ucnbiTatenbHblin nonurod (CUIM), KasaxctaH, 15 aHBaps
1965 r.), Hapsiay C OTHOCUTENIbHO MENKMMW PaANOaKTUBHbLIMU
yactTuuamu (pa3mMepbl 40 HECKObKUX MUIMMETPOB), MOX-
HO 6blN0 0BHAPYXUTbL PaAMOAKTMBHBIN LAk, UMEBLUNIA BUL,
KyckoB (dparmMeHTOB) HenpasBuibHOW GOpMbl pasmepamu
[0 HECKOJSIbKMX CaHTUMETPOB [4]. N3yyeHne duamko-xmmm-
YeCKMX CBOMCTB 1 PagnoHyKINOHOrO COCTaBa TakMx CTEKI0-
BUIHbIX 1 OMNJIaBfEHHbIX 00pa30BaHWIi B CPABHEHUN C MOYBOM
NpeacTaBnsgeT OnpeneneHHbI UHTEPEeC AN COCTaBEHUS
NPOrHo3a PaaMoakTUBHOMO 3arpsi3HEHNS BOAHbIX OObEKTOB,
T.K. CKOPOCTM BbILLENAYMBAHNS TEXHOMEHHBIX PaAMOHYKIM-
0B 13 CTEKNOBMAHbIX YaCTULL U U3 NMOYBbI MOMYT CYLLECTBEH-
HO paanuyatbes [4, 5]. Kpome Toro, BnonHe BEPOSATHO, YTO
YPOBEHb OCTATO4YHOrO PaAMOAKTUBHOIO 3arpsi3HEHUs cTe-
KNIOBUIHbIX HaCTUL, U GparMeHTOB MOXET 0Ka3aTbCs BECbMa
3HAYUTENIbHLIM U AAXe NPeACTaBAATb ONACHOCTb C PaAnosIo-
rMYECKON TOYKM 3PEHMS, T.K. MPU KamydneTHbIX B3PbIBax A0
95-98% ocTaTo4HOM aKTUBHOCTWN AONTOXMBYLLNX TEXHOMEH-
HbIX PaONOHYKINAOB COOEPXKUTCS MMEHHO B CTEKJIOBUAHOM
MaTtepuane, OCeBLUEM Ha JHE B3PbIBHOM NONA0CTU [4].

Ha Tepputopumn Poccum nmeetca aga MmecTta npoBeaeHus
9KCKaBaLMOHHbIX MJAB: 06bekT «Kpuctann» (TepMosiiepHbIi
B3pPbIB C LeSIblo co3aaHns nnotuHbl, 02.10.1974 r.) n 06bekT
«Tanra» (0QHOBPEMEHHbI NOAPbLIB TPEX TEPMOSIAEPHBIX 3a-
pPAO0B C LUEeNblo co3aaHnsa oTpeska kaHana, 23.03.1971 ) [4,
6, 7]. Ha obbekTe «Kpuctann» Obinv NnpoBeaeHsbl MacLuTad-
Hble N30NAUMOHHbIE PabOoThI, U Hanbonee 3arpsi3HEHHbIE Me-
cTa 6blIM NOKPbIThI YACTOW FOPHOIN Nopoaoi. Ha mecTe npo-
BegeHusa MAB «Taitra» kakux-nmbo paboT no gesakTneBaumm
1 GU3NYECKON N30NSLMN MECT PaASNOaKTMBHOMO 3arpssHe-
HWS HE BbIMOJIHANIOCh.
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Fig. 1. Location of the «Taiira» PNE site in the Perm region and the soil sampling plots (denoted as 1 through 6) on the banks of the «Taiira»
lake. The photo was taken from a helicopter in August 2009
[Puc. 1. PacnonoxeHune mecta nposegeHus MAB «Talira» B [lepMckoM kpae v niowaaok otoopa npob noyssl (0603Ha4eHb! uydpamu ot
1 0o 6) Ha 6eperax o3epa «Tavira». @otorpadus caenara c septoneta B aBrycte 2009 r. O603HayeHusi: swamp — 6onoTo; forest — nec; dirt
road — rpyHTOBas goporal

were dried and sent for storage to the soil archive of the
RIRH. When sorting through the soil samples collected on the
southeastern shore of the lake “Taiga” (Fig. 1; Plot No. 2), we
found several solid inclusions (particles) that in appearance
resembled pieces of fused glass. The sizes of these items var-
ied from a few millimeters to several centimeters. The shape
of the inclusions was irregular. Figure 2 shows images of the
largest glassy inclusion; Figure 3 shows a relatively small flat
inclusion.

hp-2710

B 2009 r. Ha obbekTe «Taira» (61.30° c.w., 56.60° B.A.,
MepmckuiA  kpaid), npeacTaBnsiBlLIero coboii  WCKYCCTBEH-
Hoe o03epo (puc. 1), yyactHukamun akcnegmumm HUAUPT
um. T.B.Pam3aeBa [6] Obiv oTOOpaHbl MNpoGbl MOYBLI.
JlabopaTopHbIi  aHanu3 HedpakUVOHUPOBAHHON HATUBHOM
MOYBbI BbISIBUM NMPUCYTCTBME LIENOro pPsaa AONrOXMBYLLMX aH-
TpororeHHbix pagnoHyknnaos (°Co, %Nb,™’Cs, '8?Eu, 'S4Eu,
5Eu, 207Bi, 2*'Am) [8]. MNocne npoBeaeHUs ramma-crnekTpome-
TPWYECKOro aHanm3a Bce 00pasLibl NoYBbl ObIN BbICYLLIEHb! U

C

1cm

hp-2710

Fig. 2. Glassy inclusion “hp-2710” from Plot 2 at the “Taiga” PNE
site. A — a “side” view, B — a view from “above”, C — the “lower”
surface of the sample. The arrows in the panels A and B indicate the
entrance (a black irregular spot) to a gas pocket in the specimen.
Note a rather smooth surface texture in the A and B projections and
a rough sandy surface texture in the C projection
[Puc. 2. CreknoBungHoe BktodeHue «hp-2710» ¢ yvactka N2 2 MAB
«Talira»: A — Bug c6oky, B — Bug ceepxy, C — HXHSIS MOBEPXHOCTb
ob6pasua. Ctpenku Ha naHensx A n B ykasbiBatoT BXop, (4epHoe
NSATHO HENPaBWIIbHOW hOpPMbI) B ra30BbIi kapMaH B obpasLie.
O6paTnTe BHUMaHMe Ha JOBOJbHO MKyl TEKCTYPY NMOBEPXHOCTU
B Npoekumsx A n B 1 lwepoxoBaTyio necyaHyto TEKCTypy
noeepxHocTu B npoekummn C]
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B hp-0203a

Fig. 3. Glassy inclusion hp-0203a before (A) and after (B) ultrasonic treatment for 600 s in distilled water. The length of the measuring
segmentis 1cm
[Puc. 3. CteknosugHoe BkiodeHne hp-0203a po (A) n nocne (B) ynbTpassykoBoii 06paboTku B TeueHme 600 ¢ B AMCTUNAMPOBAHHONM BOJE.
OnunHa mepHoro otpeska pasHa 1 cm]

The objectives of the study were: 1) to measure the ac-
tivity concentrations (AC) of gamma-emitting technogenic
radionuclides in the glassy inclusions, and 2) to determine
the ratio between AC values in the inclusions and in native
non-fractionated soil.

Materials and methods

The material of each dry soil sample from Plot No. 2 (the
depths of 0-2, 2-4, 4-6, 6-10, 10-12, 12-14, 14-16, 16-18
and 18-20 cm) was distributed over the bottom of individual
flat plastic cuvette. Among the visually detected glassy inclu-
sions, the seven largest samples were selected (size more
than 5-6 mm). These could be reliably manipulated without
use of special magnifying devices. The surface of the sam-
ples was cleaned of soil particles using a small paint brush.
Bubble-like formations were visible inside some of the inclu-
sions. Inside the sample hp-2710 there was a cavity, the en-
trance to which is indicated by an arrow in Figure 2 (panels A
and B). Note that for some inclusions, it was not possible to
clean the entire surface. For example, for the sample hp-2710
(Fig. 2, panel C), sand particles densely covered the “bottom”
surface. After the cleaning, each inclusion was weighed on the
AF-R220CE analytical electronic balance (Shinko Denshi Co.,
Ltd, Japan).

The activities of gamma-emitting technogenic radionu-
clides in the samples were measured using spectrometer
setup that included a HPGe detector and the 8192-channel
analyzer (ORTEC, USA). The detector and Dewar flask with
liquid nitrogen were placed inside a stationary shield made of
steel (20 cm thick). The detector was additionally surround-
ed by a 10 cm thick lead shield [9]. The energy resolution of
the gamma spectrometer was 1.8 keV for the °Co 1332.5
keV line and 0.94 keV for the '5?Eu 122.8 keV line. The abso-
lute efficiency of the detection system was determined using
certified point sources of gamma radiation (¢°Co, '*’Cs, '5?Eu,
207Bi, and 2*'Am). The point geometry was directly used to
calculate activity in the six samples ranged in size within 1.2
cm (e.g., hp-0203a inclusion, see Fig. 3). The geometry of
the large inclusion hp-2710 (Fig. 2) was approximated by a
cylinder (diameter = 4 cm, height = 2 cm). In this case, the
gamma quanta registration efficiency was calculated using
the Nuclide Master Plus software [10]. The measurements
were performed with a sample placed at a distance of 1 cm

HanpasneHbl Ha xpaHeHune B apxus HANPT um. 1.B. Pam3aesa.
B nocnepytowem npu pesusmMn apxuea B oOpasuax Moysbl,
oToOpaHHOI Ha t0ro-BOCTONMHOM Gepery o3epa (nnowlaaka 2
Ha pUcyHke 1), Hamu Bbln 0BHAPYXEeHbI TBEPAIE BKIIIOYEHMS
(4acTnubl), NO BHELUHEMY BUAY HANOMMHABLUME OMSIAaBNEHHOE
cTekno. No pa3amepam 3T 06BEKTLI BAPbMPOBASIM OT HECKOSIb-
KX MAJTMMETPOB [10 HECKOJIbKMX CaHTUMETPOB. Popma BKIItO-
yeHuli Bblna HenpaBubHOW. Kpasi BkoYeHWiA Bbinn kak 06-
JIOMaHHbIMU, TaK W 3aKpYreHHbIMA. Ha prcyHke 2 npuBeaeHo
N300paxkeHe CamMoro KPYrHOro CTEKSIOBUAHOMO BKIIIOYEHWS;
Ha pUCYHKe 3 MokasaHa CPaBHUTENLHO HEBGObLLUAS YMOLLEH-
Has YacTuua.

Llenb uccnepoBanus — onpepnenexHune y):l,eanoM aKTUB-
HOCTMU ramMmmMa-unanyyarnuwmx TexXHOreHHbIX pagunoHyKnngos
B CTEKNOBUAHbIX BKTIOYEHUSAX.

Ma‘repuanbl n metToabl

Cpenyn BM3yaslbHO OOHAPYXKEHHbIX BKJIIOYEHWIA ObINO Bbl-
OpaHo 7 Haubonee KpyrHbIX 00pa3uoB (nonepeyHnk bonee
5-6 MM), C KOTOPbLIMM MOXHO ObI/10 HAAEXXHO NPOBOAUTL MaHW-
nynsumy 6e3 MCnonb30BaHUA CrieumasbHbIX YBENNHYUTENbHBIX
ycTpoiicTB. MNMoBEPXHOCTb 06pa3LIO0B Oblla OYMLLEHA OT YaCTUL,
MOYBbl C UCMOMb30BAHNEM KUCTOYKWU A1 PUCOBaHUS. BHyTpU
HEKOTOPbIX BKJIIOYEHWI NMPOCMATPUBAIUCH MENKME My3bIPbKO-
BMOHbIe 06pa3oBaHus, a BHyTpW obpasua hp-2710 nmenacb
NoJIOCTb, BXOA, B KOTOPYIO NOKadaH CTPESIKON Ha PUCYHKe 2 (na-
Henv A n B). OTMETUM, 4TO Ha HEKOTOPbIX BKIIOYEHWSIX yaaBa-
JIOCb OYUCTUTb HE BCIO NMOBEPXHOCTL. Hanpumep, ons obpasua
hp-2710 (cm. puc. 2, naHenb C) YacTuLbl Necka nioTHO NOKpPbI-
Ba/I BCIO «HWXHIOO» MOBEPXHOCTb. OCNe O4YMCTKM Kaxaoe
BKJIIOYEHME OblI0 B3BELUEHO HAa aHaNUTUHECKUX 3NIEKTPOHHBIX
Becax AF-R220CE (Shinko Denshi Co., Ltd, Japan).

AKTVMBHOCTb raMma-u3nyqaiolyx TEXHOreHHbIX PafNOHy-
KMMZoB B Npobax M3MEPSIN C NMOMOLLLIO LETEKTOPHON ycTa-
HOBKM, cocTosen n3 HP Ge-getektopa 1 8192-kaHanbHOro
aHanmzsatopa (ORTEC, CLUA). Odetektop n cocyn Optoapa ¢
XMOKUM a30TOM OblIn pasMeLLeHbl BHYTPU CTauMOHapHOM
3awmTbl 13 ctanm (20 cM TonWMHON). [LONOSHUTENBHO CcaMm
[eTekTop Obl 3alUMLLEH CnoeM CBMHLA TonwmHon 10 cm [9].
OHepreTnyeckoe paspeLleHne ramma-crnekTpoMeTpa CocTaB-
nano 1,8 kaB gna nuHnm °Co 1332,5 kaB 1 0,94 kaB ang nuHum
52Eu 121,8 kaB. AGCOOTHYI0 3D dPEKTUBHOCTL CUCTEMBI AETEK-
TUPOBaHWS ONPEAENsIN C UCNOJIb30BaHNEM CePTUDULMPOBaH-
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from the upper surface of the detector cup. Measurement du-
ration ranged from 20,000 to 60,000 s. The activities of radio-
nuclides in the samples were decay corrected to the time of
soil sampling at the “Taiga” PNE site (05 August 2009).

One of the samples (hp-0203a, see Fig. 3A) was sub-
jected to ultrasonic cleaning after the gamma spectrometric
measurement. The sample was placed in a plastic vial filled
with distilled water. The vial was placed in a water bath and
treated for 600 s at the operating frequency of 40 kHz and the
constant ultrasound power of 40 W using the Citizen ultrasonic
cleaner SW 1500 (CBM Corporation, Japan). After the treat-
ment, the surface of the sample experienced a bright fused
glass texture; the edges of the sample were sharp (Fig. 3B).
Therefore, it can be assumed that this inclusion is part of a
large formation that was damaged before or at the moment
of soil sampling. After the sonication, the activities of radio-
nuclides in the sample hp-0203a were re-measured using the
gamma spectrometer.

Results and discussion

The gamma spectrum measured from the glassy speci-
men hp-2710 is provided in Figure 4. The spectrum is shown
after subtracting the background spectrum without the sam-
ple. The spectrogram in Figure 4 clearly shows peaks of the
technogenic radionuclides: ®Co, *"Cs, '5?Eu, and **'Am. At
higher magnification (Fig. 5), one can additionally see the
peaks attributed to **Nb, '5*Eu and '*°Eu, which are also tech-
nogenic radionuclides. The AC values of the detected radio-
nuclides as well as the ratios of the ACs in the glassy inclusion
to the ACs in the native (unfractionated) soil from the 10-12
cm depth layer (the layer of deposition of the inclusion hp-
2710) are provided in Table 1. The data on the ACs of the ra-
dionuclides in soil were taken from [8]. The ACs of all identified
technogenic radionuclides in the sample hp-2710 were sig-
nificantly higher than those in the native soil. The differences

12000

10000 - 1173.2 keV, %°Co

<+—59.6keV, 21Am
° 1332.5 keV, Co
£ 8000 A
o
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Fig. 4. Gamma-ray spectrum of the inclusion hp-2710 (see Fig. 1)
found in the soil sample from Plot 2 at the “Taiga” PNE site.

The major peaks of the technogenic radionuclides 2*'Am, '*2 Eu,
18’mBa (the short-lived daughter of '*’Cs) and ¢°Co are indicated. The
counting time was 60,000 s. The spectrum of the specimen is shown

after subtracting the background spectrum
[Puc. 4. lTamma-cnekTp ot BkodeHns hp-2710 (cm. puc. 1),
ob6HapyxeHHOro B npobe nouskbl ¢ nnowaaxu N2 2 mecta

nposeneHns MAB «Tanra». YkazaHbl OCHOBHbIE MUK TEXHOMEHHbIX
paanoHyknuaoBs 2'Am, '52Eu, ¥'MBa (KOPOTKOXUBYLLMIA [OYEPHUI
Hyknung, ¥’Cs) n °Co. Bpems Habopa cocTasnano 60 000 c. Cnektp

0T 06pasLia nokasaH noce BbliMTaHMs GOHOBOIO CNeKTpPa.

0603Ha4YeHns: Mo 0CU X — 3Heprus (kaB); no ocu y — yncno

MMIMYNbCOB Ha KaHan]

HbIX TOYEYHbIX MICTOYHUKOB raMMa-manyyexus (%°Co, '¥’Cs, 'Eu,
207Bj, 24/Am). To4eyHyl0 reOMEeTPUID HanpPsSIMYO 1CMOJb30BaN
01151 BbIYUCNIEHNST aKTUBHOCTU B 6 00pasLiax, MMetoLLmx pa3me-
pbl B npeaenax 1,2 cm (Hanpumep, BiuodeHre hp-0203a, cm.
puc. 3). leomeTpus kpynHoro BkodeHus hp-2710 (cm. puc. 2)
Obla annpoKCUMMpPOBaHa LIMIMHAPOM (OuaMeTp = 4 CM, Bbl-
cota = 2 cm). B atom cnydae apdekTMBHOCTb permcTpaumum
ramMmma-kBaHTOB Oblfla BbIYMC/IEHA C MOMOLLLIO KOMMbIOTEPHOM
nporpammbl Nuclide Master Plus [10]. Bce nameperust npo-
BOOVNN MPU pa3MellieHnn obpasla Ha paccTosHum 1 cMm oT
BEPXHEN MOBEPXHOCTY YaLLK AeTekTopa. [MpoaomkmMTensHOCTb
Habopa ramma crnekTpoB Bapbuposasa ot 20 000 go 60 000 c.
AKTVBHOCTM PaAMOHYKIIMAOB B CHETHBIX 06pa3uax Obinv nepe-
CcuMTaHbl Ha Bpemsi oTbopa Npob MoyBbl Ha 0ObekTe «Talira»
(05.08.2009) ¢ y4eToM paamoakTMBHOMO pacnaja.

Onsa 6onee ABHOIM BU3yasibHOM AEMOHCTPALMU CTEKIO-
BUIOHON CYLHOCTVM HaNOEHHbIX BKIOYEHW, OauH n3 00-
pasuos (hp-0203a, cm. puc. 3A) nocne BbINONHEHUS Fam-
Ma-CrnekTPOMETPUYECKNX U3MEPEHNA  Oblil  NMOABEPTrHYT
yNbTPa3BYKOBOM 04MCTKE B BogHOW cpepe. Obpasel, nome-
LWanuM B MiacTUKOBYIO BWasly, HamMoJIHEHHYID AUCTUIIMPO-
BaHHOM BOOOW. Buany pasmelwans B BoasiHon GaHe n 06-
pabatbiBanu B TedeHne 600 ¢ npu paboyeit yactote 40 kI,
1 NOCTOSIHHOW MOLHOCTUY ynbTpassyka 40 BT ¢ ncnonb3osa-
Hnem yctaHoBku Citizen ultrasonic cleaner SW 1500 (Japan
CBM Corporation). Mocne 06paboTky B ynbTPa3BYKOBOM
annapaTte MOBEPXHOCTb 0O0pa3ua MMena Spkylo TEKCTypy
OMNMIaBNEHHOrO CTEKNa, a kpas 6bIM OCTpbIMU (CM. puc. 3B).
Mo3TOMY MOXHO MPEeanonoXnTb, 4TO JAHHOE BKIIKOYEHNE SB-
NIIETCA HaCTbO KPYNHOM dhopMaumm, NOBPEXAEHHON A0 Unn
B MOMEHT oTOopa npob nouskl. MNocne ynsTpassykoBoi obpa-
60Tk 0bpaseL, hp-0203a 6bin B3BELLEH W MOBTOPHO NPOLLIEN
aTan raMmMa-crnekTpOMeTPUYECKNX U3MEPEHWIA.

PesynbTatbl n o6cyxaenve

laMMa-cnekTp, N3MepEeHHbI OT CTEKNOBUAHOMO 06pa3ua
hp-2710, nokadaH Ha pucyHke 4. CnekTp npuBeeH Nocne Bbl-
yuTaHua GOHOBOIO CriekTpa. Ha crnekrporpaMme OTHETIMBO
BUAHbI MUK TEXHOTEHHbIX PaavoHyKnnaoB: 24'Am, ©°Co, ¥"Cs
1 "2Eu. Mpwn 6onbluem yBenmyeHun (puc. 5) MOXHO JOMNOHM-
TenbHo BMAeTh Nk *Nb, "*Eu 1 "*°Eu, koTopble Takxe ABNs-
I0TCSl TEXHOMEHHBIMWU PaAVOHYKAMAAMUN. 3HAYEHUS yaesbHbIX
aKkTMBHOCTEeN (YA) pagmoHyknnaoB, 0OHapy>XEHHbIX B HATUB-
HOW (HedpPakLMOHMPOBAHHOW) NoYBe 13 BepxHero cnos 10—
12 cm 1 B cTeknoBmaHom obpasLe hp-2710 13 3Toro xe cnos,
a TaKxke VX OTHOLLEHWS NpuBeaeHbl B Tabnvue 1. [laHHble no
YA pagmMoHyKknnaoB B No4YBe B3ATbl U3 paboThl [8]. 3HaueHus
YA BCeX BbISIBIEHHbIX TEXHOMEHHbIX PaAVOHYKIMA0B B 06pa3Le
hp-2710 6bINM CYLLECTBEHHO BhILLE TAKOBbIX B HATUBHOM MO-
yBe. PasHuua 6bina 0cob6eHHO BbIpaXKEeHHO A5l U30TONMOB Ty-
rOMnaBKMX U TPYOHONETY4MX anemeHToB Am, Co, Eu n Nb (3Ha-
YyeHus Temneparypbl kunenus pasHbl 2011, 2927, 1527 n 4744
°C cootBeTcTBeHHO [11]). B ocTanbHbiXx 6 CTEKIOBUMAHBIX
BKJIOYEHMSAX YA yOanocb HafeXHO KONMYECTBEHHO OLIEHUTb
TONbKO Ans pagmoHyknnaos 8°Co, ¥’Cs n?'Am. 3710 cBsi3aHO
C 04YeHb MaJioi Maccon aTux BkueHuii (Tabn. 2). Kak sua-
HO 13 Tabnuubl 2, ona Bcex BkmoyeHuii YA 2#'Am nCo 6bina
MHOrokpaTHO 6osblue, YeM TakoBasi B HATUBHOW nouse. [ns
pagvoHyknnaa ¥’Cs co cpaBHUTENBHO HU3KOM TEMMEPATYPOit
kunenus (671 °C [11]) aTo cooTHOLLEHMEe Bapbuposaso ot 1,0
0o 2,1, HO B LIENIOM CTaTUCTUYECKM 3HAYMMO MpPeBbILLAno 1
(HenmapameTpuyecknii TeCT MO KpuTepuio 3Hakos, P<0,05).
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Fig. 5. Selected sections (a, b, c) of the gamma-ray spectrum, which is shown in Fig. 4. The main peaks of the technogenic radionuclides
80Co, %Nb, ¥’Cs, '5?Eu, '5*Eu, '%°Eu and >*'Am are indicated
[Puc. 5. OtoenbHble cekumu (a, b, ¢) cnekTpa ramma-u3snyyeHus, NpeacTaBNeHHOro Ha pucyHke 4. YkazaHbl OCHOBHbIE MUKN TEXHOMEHHbIX
pagmoHyknnaos ©Co, *Nb, '¥7Cs, '%2Eu, '**Eu, "°Eu 1 2*'Am. O603Ha4eHs: M0 OCU X — 3Heprus (kaB); Mo ocK 'y — YMCNO MMMYNLCOB Ha KaHa]
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Radiation measurements

Table 1
Activity concentrations (AC) of the gamma-ray emitting technogenic radionuclides in the glassy inclusion hp-2710 (Fig. 1)
and in the native (unfractionated) soil (the depth layer 10—-12 cm) from Plot 2 at the “Taiga” PNE site. Counting uncertainty (%)

of the AC measurement is given in brackets at 1 sigma level. The reference date is August 5, 2009. The soil data are taken from [8]

[Tabnvua 1
YpenbHas akTUBHOCTb (YA) raMMa-u3ny4yaloLwmx TEXHOreHHbIX PaAVNOHYKIMAOB B CTEK/I0BUAHOM BKloYeHuu hp-2710
(cm. puc. 1) u B HaTuBHOI4 (HedpakuMoHMpoBaHHOI) NoyBe (rnyouHa cnos 10—12 cm) nnowaaku N2 2 Ha mecTe npoBepeHus MSIB
«Taitra». CtaTuctuyeckas HeonpepeneHHocTb (%) namepenus YA ykazaHa B CKOOKax Ha ypoBHe 1 CUrmsl.
3HaueHus YA npueeaeHbl Ha 5 aBrycta 2009 r. [laHHble no YA B nouBe B35Tbl U3 [8]]

Radionuclide [Pagnonyknna]
Sample [O6pa3eL] ¥7Cs 21Am 8Co 192Eu 4By 155Eu %Nb
AC (Ba/g, d.w.) [YA (Bk/r, c.B.)]

Inclusion hp-2710 [BknioyeHne
hp-2710]

Native soil [HaTveras nousa] ~ 3.68(0.2) 5.80(1.5) 1.43(0.5) 0.148(4.0) 0.0796(6.6) 0.0748 (14)  0.0146(14)

The inclusion AC to the soil AC ratio [OTHoweHne YA B0 BKto4eHUM K YA B N0O4B]

5.35(0.9) 61.2(0.7) 14.2(0.5) 2.19(4.8) 1.23(4.2) 1.60 (5.3) 0.215(9.1)

Inclusion vs. soil [BkntoyeHue vs.

1.5 11 9.9 15 15 21 15
noysa]

Table 2
Activity concentrations (AC) of '*’Cs, 2/Am and ¢°Co in the glassy inclusions and the ratio of AC in an inclusion to the AC
in respective layer of native (unfractionated) soil from Plot 2 at the “Taiga” PNE site. Counting uncertainty (%) of the AC
measurement is given in brackets at 1 sigma level. The reference date for activity calculation is August 5, 2009. Data on AC in soil
are taken from [8]
[Tabnnya 2
YaenbHas akTuBHOCTD (YA) '¥7Cs, 2'Am 1 5°Co B NOYBEHHbIX CTEKJIOBUAHBIX BKITIOYEHUSX U OTHOoLeHue YA Bo BK/loYeHun Kk YA
B COOTBETCTBYIOLLLEM CJI0€ HAaTUBHOM (HedpaKLMOHUPOBaHHOI) No4Bbl ¢ nnowanku N2 2 Ha mecTe npoBepeHus MSAB «Taiira».
CraTucTuyeckas HeonpezaeneHHocTb (%) uamepeHus YA ykazaHa B CKOOKax Ha ypoBHe 1 curmbl. 3HaueHus YA npuBeaeHbl
Ha 5 aBrycTta 2009 r. [laHHbie no YA B no4se B39Tbl U3 [8]]

The inclusion AC to the soil

Soil layer depth AC in inclusion (Bg/g, d.w.) [YA BO BK/IO4eHUN )
(cm) [TnybrnHa  Code of inclusion Mass (g, d.w.) ( ?IB/E/r, C.B?)[] AC ratio [OTHOLeHne YA BO
€108 MOYBbI [Kom Bkntoyennsa]  [Macca (r, ¢.B.)] BKnioYeHnm k YA B nouse]
(cm)] 137Cg 241Am 8Co 1¥1Cg 2410 80Co
6-8 hp-2002 0.281 4.02 (8.0) 31.2(9.3) 8.70 (6.0) 1.0 9.8 8.6
10-12 hp-0102 0.385 5.14 (6.3) 54.2 (5.1) 11.6 (4.5) 1.4 9.3 8.1
10-12 hp-0901 0.263 7.89(5.7) 107 (4.0) 21.9(3.7) 2.1 18 15
10-12 hp-1301 0.289 5.39 (6.9) 97.2(3.9) 17.9(3.5) 15 17 13
10-12 hp-2710 6.66 5.35 (0.9) 61.2(0.7) 14.2 (0.6) 15 11 9.9
12-14 hp-0203a 0.196 5.81(4.2) 91.8(2.8) 18.1(2.4) 2.0 51 29
14-16 hp-0902 0.065 4.75(17) 49.4 (20) 12.6 (10) 1.6 27 18
Median 0.28 5.35 61.2 14.2 15 17 13
[Meanana]
Mean 1.16 5.48 70.2 15.0 16 20 15
[CpenHsn]
SD[C.0.] 2.43 1.21 28.3 45 0.4 15 7

SD - standard deviation. [C.0. — cTaHOapTHOE OTKJIOHEHME. ]

were especially pronounced for isotopes of the refractoryand YA ?*'Am B cTeKI0BUAHbIX BKJIIOYEHMSX HA 1-2 nopsiaka Benu-
low-volatile elements Am, Co, Eu, and Nb (the boiling point  4MHbI NpeBbILana MUHUMaNbLHO 3HAYUMYIO YAENBHYIO aKTUB-
values are 2011, 2927, 1527 and 4744 °C, respectively [11]). HocTb (M3YA) (1 Bk/r) cornacHo HPB-99/2009'. Ona 5°Co Tak-

" Norms of Radiation Safety (NRB-99/2009). Sanitary Rules and Norms SanPiN 2.6.1.2523-09. Approved by the resolution of the Chief
state sanitary doctor of the Russian Federation of 07.07.2009 No. 47. Registered by the Ministry of justice of the Russian Federation on
August 14, 2009, registration No. 14534 (hereinafter - NRB-99/2009). (In Russ.) [Hopmbl paamaumoHHoin 6e3onacHoctn (HPB-99/2009):
CaHuTtapHsble npasmna n Hopmatnebl CaHlNnH 2.6.1.2523-09. YTBEpXAEeHbI NOCTaHOBNEHNEM [TTABHOMO rOCYAapCTBEHHOIO CAHUTAPHOr O Bpaya
Poccuiickoin ®enepaumm ot 07.07.2009 No 47. 3apernctpmpoBaHbl B MuHuctepcTtae toctuumm Poccuiickoii depepaummn 14 asrycta 2009 1.,
pernctpaumoHHbiin No 14534 (nanee — HPB-99/2009)].
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For the remaining six glassy inclusions, the ACs could be
reliably quantified only for ©Co, '*"Cs, and ?*'Am. It can be ex-
plained by very small mass of the inclusions (Table 2). As can
be seen from Table 2, the ACs of 2'Am and ®Co were much
higher in the inclusions than in the native soil. For the radio-
nuclide '*Cs with a relatively low boiling point (671 °C) [11],
the ratio values varied from 1.0 to 2.1; in general, the ratio sig-
nificantly exceeded 1 (the nonparametric sign test, P < 0.05).

The ACs of 2#'Am in the glassy inclusions were 1-2 orders
of magnitude higher compared to the minimum significant ac-
tivity concentration (MSAC) (1 Bg/g, for 2*'Am) according to
the Russian Standards of Radiation Safety (NRB-99/2009) .
For 8°Co, an approximately twofold excess of the correspond-
ing MSAC value (10 Bg/g) was observed.

The ultrasound treatment of the hp-0203a inclusion led to
removal of a certain amount of the matter from the surface of
the specimen and, accordingly, to a slight decrease in the mass
of the inclusion: by 2.0%. The activities of '*’Cs, 2'Am and ®°Co
were 8.7%, 2.2% and 3.9% less in the sonicated inclusion than
in the original specimen. These differences in activities be-
tween the original and treated sample were within the statisti-
cal uncertainties associated with the estimated net count rates
in the full-energy peaks of interest: 661.6 keV, 59.6 keV, and
1332.5 keV. This experiment demonstrated the resistance of
the glassy material to ultrasound exposure in water.

The radioactive glassy inclusions discovered in the sur-
face layer of soil ejected by the “Taiga” thermonuclear explo-
sions were called by us as “taiganite”. This matter has a cer-
tain similarity with the radioactive glassy material which may
be formed on the soil surface in the event of near-surface nu-
clear explosions in the air. In particular, a glassy solid, called
“trinitite”, was discovered at the site of detonation of the first
world’s nuclear explosive device (the “Trinity” test, July 16
1945) at the military test site located near Alamogordo, New
Mexico, USA [12]. Radioactive glassy particles with maximum
sizes of up to 0.5-2 cm, as well as melted stones and sand
similar to “trinitite”, could be found near the epicenter of the
first nuclear test of the USSR (the product “RDS-1"), car-
ried out on August 29, 1949 at the STS, Kazakhstan [13, 14].
The glassy particles received the common name “kharitons”
(“kharitonchiki”) in honor of the outstanding Soviet nucle-
ar physicist Yu.B. Khariton [14, 15]. Fission products ('*"Cs,
%5Eu) and activation products (5°Co, '5?Eu, '**Eu), as well as
transuranium radionuclides (**°Pu, 2*'Pu and ?*'Am) were iden-
tified in “trinitite” and “kharitonchik” [12-14, 16-18]. Table 3
shows a comparison of these radioactive glassy materials
and “taiganite” in relation to the AC of '¥Cs, *'Am and ¢°Co.
In terms of the '¥’Cs and 2'Am ACs, “taiganite” was close to
“trinitite”. The ranges of the ®°Co AC values in “taiganite” and

e Habi04an0ch NpeBbILLEHNE COOTBETCTBYIOLLEN BEJIMYNHDI
M3YA (10 Bk/r) npumepHo B 2 pa3a.

O6paboTka BkntodeHns hp-0203a ynsTpa3Bykom B BOOHONA
cpene npueena K yaoaneHuio HEKOTOPOro KONMYecTBa Belle-
CTBa C MOBEPXHOCTM obpasua U, COOTBETCTBEHHO, HeOOsb-
LLIOMY YMEHbLLEHWNIO MaCChl BKOYEHUST: Ha 2,0%. AKTUBHOCTb
137Cs, 2*'Am n®Co B 06paboTaHHOM Y/bTPa3BYKOM BKOHEHUN
Oblna Ha 8,7%, 2,2% 1 3,9% Huxe, 4em TakoBas B UICXOLHOM
MaTepuvane. 9T1 pa3nnyns B akTUBHOCTSAX MeXAY UCXOAHbIM U
06paboTaHHbIM 06pa3LOM HAXOAMINCH B Npeaenax ctatucTu-
4eCcKOoM HeonpeaeneHHOCTN, CBS3aHHOW C OLLEHKOW niowaamn
doTtonmkos 661,6 kaB, 59,6 KaB n 1332,5k3B. 3T10T onbIT
NpPOAEMOHCTPUPOBAI YCTONYMBOCTb CTEKNIOBUOHOMO MaTepu-
ana K BO34eNCTBMIO YbTpasByka.

PaanoakTnBHblE CTEKSIOBUIHbIE BKJIOYEHMS!, OOHAPYXEeH-
Hbleé HaMK B MOBEPXHOCTHOM CJI0€ FPyHTa B MecTe NpoBeaeHUs!
noa3eMHbIX 9KCKaBaLMOHHbIX M$AB «Tarra» n noumeHoBaH-
Hble HAMW KaK «TalraHuTbl», UMEIOT ONpeaeneHHoe CXOACTBO
C pPagMoaKkTMBHLIM CTEKIOBMAHLIM MaTepuanoM, KOTOpbI
dopMMpyeTCs Ha MOBEPXHOCTU MOYBLI B Cllydyae MpoBeAeHUs
NPUNOBEPXHOCTHBIX AAEPHbIX B3PLIBOB B BO3ayXe. B yacTHO-
CTW, CTEKNOBWOHOE TBEPAOE BELLECTBO, UCTOPUYECKMN MOny-
YMBLLEE HA3BaHME «TPUHUTUT», ObII0 OOHAPYXEHO Ha MecTe
noApbiBa NEpPBOro B MUPE SAEPHOIO B3PbLIBHOIO YCTPOMCTBA
(ncnbitanme «Trinity», 16 nionsa 1945 r.) Ha BOEHHOM MOAUIOHE,
pacnono)xeHHoM okono Anamoropao, Hbto-Mekcuko, CLLA
[12]. PagnoakTvBHbIE CTEKIOBUIHbBIE YacTULbl C MakCUMarb-
HbIMK pasmepamn 0o 0,5-2 cMm, a Takke OnnaBieHHbIE KaMHM
1 MECcoK, NoA0OHbIE «TPUHUTUTY», MOXHO HaTX BONM3W 3Mu-
LeHTpa nepsoro saepHoro vcneitaHus CCCP (n3penve POC-
1), npoeegeHHoro 29 asrycta 1949 . Ha CemmnnanaTtMHCKOM
vcnbitatensHoM nonuroHe (CUIM, Kazaxctan) [13, 14].
CTeknoBuaHbIE HacTULbl MONYYUIM ObITOBOE Ha3BaHME «Xa-
PUTOHbI» («XapPUTOHYMKW») B YECTb BbIOAIOLLLErOCS COBETCKOIrO
dusuka-agepwivka K0.6. XaputoHa [14, 15]. B «TpuHuTtHTE»
N «XapUTOHYMKAxX» OblIN BbISIBNEHLI NPOAYKTLI AeneHus ('¥7Cs,
85Eu) n aktneaumm (5°Co, '**Ba, '%?Eu, '**Eu), a Takxe TpaHc-
ypaHoBble paanoHyknuabl (2°Pu, 2#'Pu n 2'Am) [12-14, 16—
18]. B Tabnuue 3 npuBeneHo CpaBHEHNE 3TUX PAANOAKTMBHbIX
CTEKJIOBUAHbIX MATEPUANOB W «TaraHUTOB» B OTHOLIEHMM YA
87Cs, 2'Am 1 ¢°Co. Mo nokasatenam YA ¥"Cs n 24'Am «Taiira-
HUTbI» ObINN BAN3KN K «TPUHUTUTY». [uanasoHbl 3Ha4yeHui
YA 8Co B «TaiiraHUTax» 1 B «<XapUTOHYMKAX» NEepPeKpbIBaNMChH
1 BECbMa CYLLECTBEHHO MPEBbILIAM TAKOBbIE B «TPUHUTUTE>.

MccnenoBaHHble Ha 00bekTe «Talira» paavoakTUBHbIE OT-
Ba/ibl IPYHTA U CTEKOBUAHbIE BKJIOYEHMS MOXHO paccma-
TpMBaTb Kak OTxodbl, 00pa30BaBLUMECS MPU UCMOb30BaAHUN
A0EPHbIX 3aPSA0B B MUPHbIX LENSX, KOTOPbLIE, B CBOKO 04epeb,
OTHOCSITCA K KaTeropuy 0COObIX PaaMOaKTUBHbLIX OTXOO0B>S.

2 Federal Law No. 190-FZ dated 07/11/2011 (as amended on July 02, 2013) “On the management of radioactive waste and on amendments
to certain legislative acts of the Russian Federation” (as amended and additionally entered into force on July 16, 2013). Moscow. 2013. 22 p.
(In Russ.) [PenepanbHbili 3akoH o1 11.07.2011 N2190-P3 (pea. O1 02.07.2013) «O6 06palLeHn ¢ paamoakTUBHbIMU OTXOAAMU Y O BHECEHWUM
M3MeHeHun B OTAesbHble 3akoHoaTesNbHble akTel Poccuiickoit depepaumm» (C M3M. 1 fon., BeTynatowmmm B cuny ¢ 16.07.2013). M., 2013.

22c.]

3 Decree of the Government of the Russian Federation of October 19, 2012 N 1069 “On the criteria for classifying solid, liquid and gaseous
waste as radioactive waste, the criteria for classifying radioactive waste as special radioactive waste and as disposed radioactive waste and the
criteria for classifying disposed radioactive waste.” Moscow. 2012. 21 p. (In Russ.) [[TocTaHoBneHue MNpasutensctsa PP o1 19 okTs6ps 2012 1.
N 1069 «O kpuTepusix OTHECEHUSI TBEPABIX, XMOKUX U ra3000pa3HbIX OTXOLO0B K PaAMOakTMBHBIM OTXOAAM, KPUTEPUSX OTHECEHUS paauvo-
AKTMBHbIX OTXOA0B K 0COObIM paaMoakTUBHLIM 0TX04aM U K yaansieMbiM PagnmoakTUBHEIM OTXOA4AM 1 KpUTEepUaX knaccudukaumm yaansemMbix

pagmnoakTMBHbIX 0TXoa40B». M., 2012. 21 ¢.]
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Radiation measurements

Table 3

Activity concentration (AC) of technogenic radionuclides in glassy and melted materials found at sites of nuclear explosions:
“taiganite” (“Taiga”, the Perm region, Russia), “trinitite” (“Trinity”, Alamagordo, USA), “kharitonchik” (“RDS -1, STS,
Kazakhstan)

[Tabnvya 3

YpenbHasa akTUBHOCTb (YA) TEXHOreHHbIX PaAVMOHYKIINAOB B CTEK/IOBUAHBIX M ONIABJIEHHbIX MaTepuanax, 00HapyXXeHHbIX
B MeCTax NpoBeAeHUs SAePHbIX B3PbIBOB: «TaliraHuT» («Taira», Mepmckuii kpan, Poccus), «TpuHNTUT» («TpuHUTUY», Anamaropao,
CLLUA), «xapuToHumk» («PAC-1», CUM, KasaxcTaH)]

Radionuclide Activity concentration (Bq/g) [YaenbHas akTuBHOCTb (Bk/r)]*

[Papnonyknna] taiganite [TairanuT]** trinitite [TpuHUTUT] kharitonchik [xapuToH4nK]
%Co 1350-3400 44-151[12,13,17,18] ~(180-2000) [14]***; 2260+70 [18]
¥Cs 9.7-19.0 10-121[12, 13,16, 17, 18] ~(12-1500) [14]***; 62118 [18]
241Am 31.2-107 1-37[12, 13, 16, 17, 18] ~(4-150) [14]***; 2.4%0.2 [18]

* — AC for °Co and '*"Cs are provided on the date of detonation after decay correction; activities for #'Am are reported per measurement day
[YA8°Co 1 '¥Cs yka3aHa Ha JaTy B3pblBa noce nonpaeky Ha pacnag,; YA2'Am gaHa Ha fieHb M3MepeHuit].

** — this work [aTa pa6oTa].

*** — the approximate values of AC are given based on Figure 2 from [14] [npnbnn3uTenbHble 3HaveHnst YA npuBeaeHbl Ha OCHOBE PUCYHKa 2

na [14]].

“kharitonchik” overlapped each other, and the both exceeded
that in “trinitite” significantly.

The dumps of radioactive soil at the “Taiga” PNE site [8] and
the radioactive glassy inclusions in the soil should considered
as special radioactive waste generated from the use of nuclear
charges for peaceful purposes?®. The basis for classifying the
soil and the inclusions as radioactive waste at the “Taiga” site is
the exceeding the 24'/Am AC in the samples of the MSAC value
for this radionuclide of 1 Bg/g (NRB-99/2009). The research of
2009 [8] showed that the 2*'Am ACs in the upper 20 cm of soil
at Plot No. 2 ranged from 1.8 to 5.8 Bg/g. The 2'Am AC greater
than 1 Bg/g were also measured by Ramzaev et al. [8] in the
soil samples from the northeastern and northwestern shores of
the lake “Taiga” (Plots No. 3,4 and 5 in Fig. 1).

By now (i.e. 15 years since the 2009 survey), the situation
with the americium contamination could hardly have funda-
mentally changed because the half-life (T1/2) of this radionu-
clide is 432 years. In addition, the pool of 2*'Am can, to some
extent, be replenished due to the beta decay of >*'Pu (T,,=
14.4 year), the presence of which (for the general case) in
a nuclear charge is quite likely [19]. Note that, in addition to
241Am, the radioactive contamination of environmental media
at the “Taiga” site includes other long-lived technogenic ra-
dionuclides, such as *Co (T, ,= 5.27 year) and "*Cs (T, ,=
30.17 year). These should also be considered when assess-
ing radiation environment in the areas of PNE [8, 20].

Considering the pronounced difference between native soil
and glassy inclusions with respect to AC values for the detect-
ed technogenic radionuclides (with the exception of '¥’Cs), it
cannot be ruled out that the radioactive contamination of the
ground at Plot No. 2 is mainly associated precisely with the in-
clusions in soil and not with the soil itself. This hypothesis needs
to be tested using physical separation (sieving) of the native
soil into size fractions and subsequent gamma spectrometric
analysis of the fractions. The results of such research can be
useful in understanding the radionuclides transfer processes in
the soil-plant system and in making a forecast of the dynamics
of the radiation environment at the “Taiga” PNE site.

Of additional interest is the radiation-hygienic assessment
of small fractions of the glassy radioactive particles which may
pose a hazard if inhaled.

OcHoBaHMeM [OJ19 OTHECeHMs1 OTBasloB 06bekTa «Talira» K pa-
OMO0aKTVBHBIM OTX04aM sIBNsieTcs npesbilleHne YA 24'/Am Be-
nnamHbl M3YA ganHoro pagnoryknmaa 1 bk/r (HPB-99/2009).
MceneposaHus 2009 r. nokasanu, 4To HedpakLMOHNPOBaHHbIN
FPYHT Ha Oro-BOCTOYHOM YacTu HaBana (Gepera) BOKpyr o3epa
COOTBETCTBYET 3TOW KaTeropum oTxomoB: YA >*'Am B BEPXHMX
20 cm noyBbl Ha Nnowaake N2 2 sapbmposana ot 1,8 0o 5,8 bk/r
[8]. Mpobbl nouskl ¢ YA 24'/Am 6onblue, Yem 1 Bk/r, 6binv obHa-
pyxeHbl B 2009 r. [8] Takke Ha CEBEPO-BOCTOYHOM M CEBEPO-
3anagHom Oeperax o3epa «Tanra» (nnowaaxkm N2 3, 4 n 5 Ha
pucyHke 1). K HacTosilemy BpemeHu (T.e. yepes 15 net nocne
obcnepoBannii 2009 r.) cutyaums ¢ 3arpsidHeHnem >4'Am npuH-
LMnNranbHO BPSA, S MOTTia U3MEHUTLCS, T.K. NepUo, nosypac-
naga (T, /2) 3TOro pagmoHyknnaa coctaensieT 432 roga. Kpome
TOr0, HE UCKJIIDYEHO HaKoMneHne aktMBHOCTM #'Am B Hasane
3a cyet Geta-pacnaga *'Pu (T, P 14,4 ropa), npucyTcTaune
KOTOPOro (ans obLiero cnyyast) B SA€PHOM 3apsiae BrosiHe Be-
posiTHo [19]). OTMeTUM, 4TO, NOMUMO 24'Am, B COCTaB paamoak-
TUBHOTO 3arpsi3HeHVs OKPY>XXaloLLLeli cpeabl Ha 00bekTe «Taira»
BXOOAT 1 ApYre OONTOXMBYLLME TEXHOMEHHbIE PAAVOHYKIARBI,
Takue kak %°Co (Tvz =5,27 roga) n ¥'Cs (Tvz =30,17 roga). Ux
TOXE CneayeT y4mTbiBaTb NMPU OLEHKE paavaLmoHHON obcTa-
HOBKM B MecTax nposeaeHus M4B [8, 20].

MpyHUMas Bo BHMMaHWe GOJbLUYI0 PasHULy Mexnay 3Ha-
yeHns MM YA 6onbLUMHCTBA OOHAPYXEHHBIX TEXHOrEHHbIX
PaANOHYKNNAOB (32 uckoveHneM '¥7Cs) B HaTMBHOW NoyBe
N TakOBbIMW B PAANOAKTUBHbIX BKIIIOYEHUSX, HENb3S UCKIO-
YnTb, YTO PAAMOAKTUBHOE 3arpsi3HeHVe rpyHTa Ha yvacTke
N2 2 B 3HauuTeNbHOM Mepe 0OYCNOBNEHO CTEKNOBUAHLIMU
BKJIIOYEHUSAMU. DTa rMNOTE3a HYXOAETCH B NPOBEPKE C UC-
NoJIb30BaHNEM MEXaHU4eCKoro pasaesieHms (NnpocensaHns)
HaTMBHOW NMOYBbI HA GpakLMK NO pasMepy 1 NOCneayLero
raMmma-crnekTpoMeTpuU4eckoro aHanmsa dpakumin. JaHHble,
nosly4eHHble B pe3ynbraTe Takoro aHanuaa, Moryt ObiTb
BECbMa MOJIE3HbI MPU U3YYEeHUN MUrpaumn PaanNoHYKINO0B
B CMCTEME MOYBa — PACTEHME U MOCTPOEHUN NPOrHO3a ANHA-
MUKW pagmaunoHHon 06CcTaHOBKM Ha 06bekTe «Tairax.

JononHntenbHbIi MHTEPEC NMPEeacTaBnAseT Takke paaun-
AUMOHHO-TUTMEHNYECKAs OLLEHKA MeNKMX dpakLmnii CTekso-
BUOHbIX BKJIIOYEHWUIA (4ACTUL,), KOTOPbLIX MOTYT NPeacTaBnaTb
OMacHOCTb MPU UHraNALUMOHHOM MOCTYMNIEHUN.
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Conclusions

When sorting through the archive of the soil samples col-
lected in 2009 at the “Taiga” PNE site, we found glassy inclu-
sions ranging in size from several millimeters to 4 cm. The inclu-
sions were present in soil samples from the southeastern shore
of the “Taiga” lake. The high-resolution gamma spectrometry
revealed the presence of the technogenic radionuclides %°Co,
9Nb, ¥"Cs, '52Eu, '**Eu, "5Eu and **'Am in the inclusions. The
ACs of 2'Am and ®Co in the inclusions were many times greater
compared to those in the native soil. The ACs of 2'Am in the soil
and inclusions were much higher than the level of minimum sig-
nificant activity concentration (1 Bqg/g) according to the Russian
Standards of Radiation Safety (NRB-99/2009). In accordance
with current Russian legislative and regulatory provisions re-
garding the use of nuclear charges for peaceful purposes, the
soil and glassy inclusions in the soil at the “Taiga” site must be
classified as special radioactive waste. Considering the long
half-life of 2'Am (432 years), radiologically significant contam-
ination by this radionuclide will persist at the “Taiga” site for the
foreseeable future. In general, the “Taiga” site is that rare case
of PNEs where special radioactive wastes are present directly
on the earth surface. This circumstance should be taken into
account during monitoring surveys of the site, including col-
lection of samples of environmental media and their analysis in
laboratory conditions.
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