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GROUNDWATER MONITORING AND MODELLING OF THE “VECTOR” SITE
FOR NEAR-SURFACE RADIOACTIVE WASTE DISPOSAL
IN THE CHORNOBYL EXCLUSION ZONE

Results of purposeful groundwater monitoring and modelling studies are presented, which were carried out in order
to better understand groundwater flow patterns from the “Vector” site for near-surface radioactive waste disposal and
storage in the Chornoby! exclusion zone towards river network. Both data of observations at local-scale monitoring well
network at “Vector” site carried out in 2015 - 2016 and modelling analyses using the regional groundwater flow model
of Chornobyl exclusion zone suggest that the groundwater discharge contour for water originating from “Vector” site is
Sakhan River, which is the tributary to Pripyat River. The respective groundwater travel time is estimated at 210 - 340
years. The travel times in subsurface for %Sr, 1¥’Cs, and transuranium radionuclides (Pu isotopes, 2**Am) are estimated
respectively at thousands, tenths of thousands, hundreds of thousands — million of years. These results, as well as
presented data of analyses of lithological properties of the geological deposits of the unsaturated zone at “Vector” site,
provide evidence for good protection of surface water resources from radioactivity sources (e.g., radioactive wastes) to
be disposed in the near-surface facilities at “Vector” site.
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Introduction

Current strategy for managing radioactive wastes
in Ukraine foresees construction of the “Vector”
complex in Chornobyl exclusion zone (ChEZ) with a
number of facilities for near-surface disposal (short
lived wastes), storage (long-lived and high-level
wastes, disused sources) and treatment or radioactive
wastes. The project design and construction works
for “Vector” complex encompass already the period
of 30 years. First governmental decision on creation
of “Vector” complex was taken in 1987 (initially for
wastes of Chornobyl accident origin) by the
Government of USSR. The first feasibility study for
“Vector” was approved in 1990, while construction
of “Vector” started in 1998. At present time a
number of facilities are licensed and operating at
“Vector”, in particular the Engineered Near-Surface
Disposal Facility (ENSDF) for solid radioactive
waste for disposal of waste packages from the
Chornobyl Nuclear Power Plant (ChNPP) Liquid
Radioactive Waste Treatment Plant (LRTP) and
Solid Radioactive Waste Treatment Plant (SRTP);
some facilities are undergoing test exploitation, e.g.
Centralized Storage for Disused Sealed Sources
(CSDSS), while some other objects are still in
process of construction and licensing, e.g. near-
surface disposal facilities for Solid Radioactive
Waste of type 1 and 2 (SRW-1 and -2).

The “Vector” complex occupies the area of about
160 ha, and it is located 15 km south-west from
ChNPP in the elevated (absolute surface elevations
140 - 145 m as.l.) forested water divide area of

Pripyat River and Uzh River — within the so called
Chistogalovka moraine ridge (Fig. 1).

Geological section at the site is composed of
Quaternary fluvioglacial and alluvial deposits with
the total thickness of about 60 m, mainly consisting
of fluvioglacial and alluvial fine-to medium-grained
sands, with intermediate loam lenses (moraine) with
a thickness of up to 4 m. Below is located the clay
marl layer composed of marine deposits of Buchak
and Kanev suite of Eocene. The upper soil layers to
a depth of about 15 m below surface (unsaturated
zone) are composed of alternating layers of
fluvioglacial and moraine deposits represented by
fine-grained sands with beds of loam and silt
deposits [1]. The Quaternary deposits host the
unconfined aquifer with the total saturated thickness
of 40 - 45 m, which is recharged by atmospheric
precipitations. The depth to water table at the site
ranges from about 15 to 21 m.

Groundwater flow direction from the “Vector”
site towards river network were recently a subject of
discussion and controversy among hydrogeologists.
Two alternative opinions on this subject were stated:
(1) groundwater from the site flows towards Pripyat
River, or (2) groundwater from the site flows
towards Uzh River. Little data were available until
now to resolve the above discussion, as groundwater
monitoring studies has not been carried out regularly
at the existing local-scale monitoring well network
at “Vector” site. In addition, the regional level
groundwater monitoring network in ChEZ is
insufficient for accurately estimating groundwater
flow directions from “Vector”.
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Fig. 1. Topographical map of ChEZ showing location of “Vector” site
and the boundary of domain encompassed by groundwater flow model.

Understanding groundwater flow patterns from
“Vector” site is important for safety assessment
analyses of existing and planned radioactive waste
disposal and storage facilities, in particular for
assessing of risks of contamination of river network
due to radionuclide leaching to groundwater from
radioactivity sources at “Vector” site. The aim of the
studies presented in this article is to analyse
groundwater flow patterns at “Vector” site in the
context of regional hydrogeological settings of the
ChEZ, and to estimate groundwater flow directions
as well as groundwater (and/or radionuclide) travel
times in groundwater from “Vector” site to relevant
surface water bodies representing the groundwater
discharge contours.

The methods used include experimental hydro-
geological studies (groundwater monitoring, hydra-

ulic tests, laboratory analyses on collected samples of
geological deposits), as well as groundwater
modelling. The reported studies were carried in a
frame of the project with the more broad scope on
comprehensive safety assessment of the “Vector” site
and other radioactive waste disposal and storage sites
situated within the ChEZ (see Acknowledgments to
this article).

Experimental hydrogeological studies
Groundwater monitoring studies

Throughout the long period of design and
construction of “Vector” complex large number of
monitoring wells were constructed at the site, which
were related to site characterization works and
construction of different radioactive waste disposal
and storage facilities (Fig. 2).
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Fig. 2. Layout of “Vector” site with groundwater monitoring system.
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However as most of the facilities are still not
licensed and operating, the majority of these wells
are not included to the regular monitoring program.
Moreover, for many wells passports have been lost
during the 30-year long site history, and their
technical characteristics were not known precisely.

The authors of this report in collaboration with the
Site Operator (Central Enterprise for Radioactive
Waste Management — CERWM) have completed in
August 2015 and November 2016 first systematic
groundwater level surveys at “Vector” site incor-
porating all available monitoring wells. In the course
of these surveys the technical characteristics (e.g.,
well head elevations, geographical coordinates, depth
etc.) were determined and groundwater levels were
measured. For several wells with the available
passports (i.e., wells situated around the recently
commissioned ENDSF facility) hydraulic tests were
carried out.

Fig. 3 shows distribution of hydraulic head in
wells as a function of well depth. It can be seen that
more shallow wells tend to have higher hydraulic
head than more deep wells, which indicates
groundwater flow direction from upper to deeper
strata of the unconfined aquifer. The linear trend
suggests that hydraulic head decreases by ~ 0.12 m
per 1 m of aquifer depth. Such flow pattern with the
large downward vertical gradient of hydraulic head
confirms that the “Vector” site is situated in the
regional groundwater recharge area. The large value
of vertical hydraulic head gradient may be indication
of presence sub-horizontal low permeability
sediment layers between screens of wells located at
different depth in the vertical aquifer cross-section.
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Fig. 3. Hydraulic head in wells at “Vector” site
as function of well depth (date 27.08.2015).
In order to determine the direction of

groundwater flow in horizontal plane, we have
identified a sub-group of wells with the well screen
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elevations within the approximately the same depth
interval (in terms of absolute elevation above the sea
level). This was done in order to exclude effects
related to vertical gradient of hydraulic head. Next,
groundwater table isolines were constructed using
groundwater monitoring data for this well subgroup.
Example groundwater table plots on 25.08.2015 and
30.11.2016 for a group of wells situated in the
northeast part of “Vector” site are shown at Fig. 4.
These data clearly show groundwater flow in
northeast direction in horizontal plane. Similar flow
patterns were observed for both sampling date
(27.08.2015 and 30.11.2016) for different well
subgroups. The horizontal gradient of hydraulic head
for both dates is estimated at 0.005 m/m.
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Fig. 4. Groundwater table at “Vector” site:
a-27.08.2015; b - 30.11.2016.

Hydraulic testing

Slug tests have been performed at three monito-
ring wells at “Vector” site (No. 27, 28 and 29) in
July 2015). All these wells have screened interval in
the depth range from 20.5 to 23.5 m. During the test
a water volume of 8 L was “instantaneously” added
to a well. The changes in water level were subse-
guently measured with an electronic TD-Diver
pressure sensor with the data logger. The
interpretation of the collected slug test data using
Bouwer - Rice method resulted in hydraulic
conductivities of geological deposits as given in
Table 1.
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Table 1. Hydraulic conductivity (K) of geological
sediments at “Vector” site based on results of slug
tests carried out in August 2015

Well No. 27 28 29

K, m/day 0.51 0.95 1.04

Lithological properties of soils
in the unsaturated zone of “Vector” site

In August 2015 a field sampling of Quaternary
geological deposits from the unsaturated zone was
carried out using the ~9 m deep sand pit for

constructions works situated at about 400 m to the
south of “Vector” site. Sampling was carried at two
locations: (1) from the side of the small excavation
at pit bottom (samples No. 1 - 4; depths range from
9.2 to 10.7 m) and (2) from the upper part of the
unsaturated zone from the side of pit (sample No. 5 -
7; depth range from 0 to 2.2 m).

The objective was to gain additional information
on the local sedimentological conditions, as well as
on soil parameters such as grain size distribution,
hydraulic conductivity, bulk density, and cation-
exchange capacity (CEC) (Table 2).

Table 2. Lithological characteristics of soils from the unsaturated zone at “Vector” site

Sample . . - Median grain | Density, Hydraulic CEC,
No. Depth, m Lithological description size (dso), mm | g/cm® | conductivity, m/day | meg/100 g
1 9.2-9.6 medium-grained sand 0.027 1.65 0.97 2
2 9.6 - 9.85 silt, sandy 0.011 1.60 0.04 4
3 1085-102 | Medium-fine grained 0.029 1.69 0.79 4
sand, silty
4 10.2 - 10.7 silt, sandy 0.015 1.45 0.14 6
5 0-1.0 ;“af]‘fj'“m'f'”e grained 0.052 1.78 1.04 2
6 1.0-15 silt, sandy 0.023 1.63 0.07 6
7 15-2.2 g‘aﬁ%'”m'f'”e grained 0.044 1.90 0.86 4

The main part of laboratory testing was carried
out in the laboratories of Institute of Geological
Sciences. The CEC analyses were carried out at the
Institute of Horticulture in Kyiv using the Bobko -
Askinazi - Aleshin method.

At both locations alternate deposition of sandy
and silty layers of a decimetre thickness range was
observed (see Table 2). The results of laboratory
tests for samples with sand lithology are in good
agreement with the results from field slug tests (see
Table 1). The results for CEC show values between
2 and 6 meg/100 g which is characteristic for sandy
sediments of predominantly quartz composition with
a low content of clay minerals and humic
substances. The derived parameters are in general
agreement with previous studies [1], but show
presence of a smaller scale (e.g., decimetre
thickness) sedimentary structures. These data can be
used for developing detailed models for radionuclide
transport in the unsaturated zone.

Groundwater modelling studies

Regional groundwater flow model for the ChEZ
was developed by the Institute of Geological
Sciences since 1986 using, first, electric analogous
scheme, and later numerical modelling tools. In
1998 the model was implemented using
MODFLOW computer code [2] using Visual
Modflow pre-/post-processor software [3]. Since

ISSN 1818-331X SAJAEPHA ®I3UKA TA EHEPTETHUKA 2017 T. 18 Ne 4

that time the model has been used in numerous
research  project including optimization of
groundwater monitoring system in ChEZ, risk
assessment of radioactive waste storage sites, and to
simulate the water level drawdown in the cooling
pond of ChNPP in the course of its decom-
missioning [4 - 6]. Detailed description of model is
provided in [6].

The groundwater flow model covers the territory
of about 30 x 30 km, bounded by natural hydro-
logical boundaries such as Pripyat, Uzh, llya and
Sakhan rivers (see Fig. 1). The model encompasses
two aquifers belonging to the “zone of active water
exchange”: — the upper unconfined in Quaternary-
Neogene deposits, and lower confined aquifer in
Eocene deposits, separated by a low permeability
aquitard layer composed of clays and marls of Kyiv
suite of Palaeogene. Below the Eocene aquifer is
situated the confined aquifer in chalk deposits,
which is separated from the Eocene aquifer by a
very low conductivity layer of Turonian limestone.
Water exchange through this low permeability
Turonian aquitard layer can be neglected for
modelling purposes [4]. Details on the ChNPP site
geology and hydrogeology can be found in [6, 7].

The computational grid of the regional model
along axes X and Y has a variable size. To simulate
the “Vector” site, the numerical computational grid
of the model was refined in the respective
geographical domain. The boundary conditions were
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also précised taking into account the refinements of
the numerical grid. The maximum dimension of
blocks of computational grid is 250 x 250 m, while
the minimal dimension is 25 x 30 m.

At the next step the model was calibrated using
data of groundwater level observations at “Vector”
site and at radioactive waste disposal site (RWDS)
Buriakovka. Calibration of groundwater model with
respect to groundwater levels in selected observation
wells was carried out by fitting the infiltration
recharge rate values. In addition, adjusting of the
surface water levels in Sakhan and Uzh rivers, as
well as in agricultural drainage systems, accounting
for grid refinements, was carried out. The result of
groundwater model calibration with respect to
groundwater levels in observation wells are shown
in Fig. 5.
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Fig. 5. Groundwater flow model calibration results
(calculated vs. observed hydraulic head values
in the unconfined aquifer).

The resulting fitted value of the infiltration
recharge rate for the area of “Vector” site and

RWDS Buriakovka is 70 - 80 mm/year. The cali-
brated model was used to model groundwater flow
for several scenarios of boundary conditions:

hydrogeological boundary conditions following
the decommissioning of the Chornobyl cooling pond
(i.e., the current day conditions);

hydrogeological boundary conditions after water
level drawdown in the cooling pond and full
decommissioning of ChNPP (long-term prospective
conditions). This last scenario assumes stopping of
functioning of the hydro-technical objects belonging
to the infrastructure of ChNPP, such as water wells
exploiting aquifer in Eocene deposits, facility for
treatment and infiltration of sewage water
(“filtration fields”), technical drainage systems of
ChNPP etc.

Simulations have shown, that following the full
decommissioning of the ChNPP significant changes
in the hydrogeological conditions occur in the
immediate vicinity of the cooling pond, at the
industrial site of ChNPP. However, any noticeable
impact will be observed from decommissioning of
ChNPP on hydrogeological conditions in the area of
“Vector” site (as well as RWDS Buriakovka) which
are situated at the large distance from the cooling
pond and from ChNPP industrial site.

The numerical simulations have shown that for
all scenarios groundwater from “Vector” site is
filtrating in subsurface towards Sakhan River.
Example groundwater flow path lines from “Vector”
site are shown at Fig. 6.

Groundwater travel times of an “ideal tracer”
(non-adsorbed particle) and several representative
radionuclides (*°Sr, *¥'Cs, **Am and Pu isotopes)
from the source area (“Vector” site) to the relevant
groundwater discharge contour are listed in Table 3.
It should be noted that groundwater travel time
estimates listed in Table 3 do not account for
performance of the engineering barriers on near
surface radioactive waste disposal facilities, and do
not take into account radioactive contaminant
retention in the vadose zone.

Table 3. Estimated groundwater travel times by advective transport from “Vector” site
to Sakhan River for different radionuclides for different radionuclides

Migrating agent Kd, I/kg * Retardation factor** Groundwater travel time, years
groundwater (no sorption) - 1 210 - 340
gy 5 30 5800 - 9400
1¥7Cs 20 110 22600 - 36600
Pu isotopes 400 2100 450000 - 730000
1AM 1000 5300 1120000 - 1810000

* Radionuclide Kd-s are selected using data from publications [1, 8].
** Retardation factor is defined as R = 1 + p/m Kd, where p is geologic deposit density and m is porosity.

386

ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2017 Vol. 18 No. 4




GROUNDWATER MONITORING AND MODELLING OF THE “VECTOR” SITE

& Pathlines
- o . v

U . ;
DS Buriakovka,/
" 123.0

Vector

Hydraulic
head

y®

Fig. 6. Simulated regional groundwater flow patterns

in the ChEZ for the scenario of decommissioning

of the ChNPP (distance between arrow heads of pathlines is 10 years).

According to modelling, even for an ideal (“non-
adsorbed”) tracer the travel time in groundwater
from “Vector” site is estimated at 210 - 340 years. If
retardation due to sorption is taken into account, the
travel times increase for ~ 6000 - 9000 years for *Sr
and several tenths of thousand years for **¥’Cs. Such
very long travel times ensure essential decay of
these radionuclides during transport process. For Pu
isotopes and #**Am travel times in the subsurface to
surface waters are estimated at hundreds thousands —
millions of years. Such very long travel times may
provide potential for radionuclide attenuation due to
dispersion, partly irreversible sorption and other and
other relevant hydrodynamic and geochemical
factors.

Conclusions

Results of analyses (both monitoring data and
modelling results) suggest that groundwater flows
from “Vector” site in direction towards Sakhan
River, situated within the drainage basin of Pripyat
River. The estimated groundwater and radionuclide
travel time from “Vector” site to Sakhan River are
large (i.e. 210 — 340 years) indicating good protec-
tion of surface water resources from radioactivity
sources (e.g., radioactive wastes) to be disposed (or

stored) in the near-surface facilities at “Vector” site.

Presence of silt layers in the unsaturated zone
provides generally favourable near-field geology
conditions with potential for additional retardation
of radionuclides disposed in near-surface facilities.

“Vector” site is situated in the central part of the
hydrogeological ~watershed water-divide area
between the Pripyat River and Uzh River. Therefore,
modelled groundwater flow directions may be
potentially sensitive to changes in the internal and
external boundary conditions. In order to determine
groundwater flow directions from “Vector” site with
a higher certainty, it would be appropriate to extend
the regional-scale groundwater monitoring network,
and install additional monitoring wells for
measuring groundwater levels in locations between
“Vector” site and the groundwater discharge
contours (i.e., Pripyat and Uzh rivers).

The presented research was supported by the EC
technical assistance project to Ukraine INSC Project
U4.01/10C+D+F “Support of Radioactive waste
management in Ukraine”, and by the budget theme
of the Institute of Geological Sciences of the
National Academy of Sciences of the Ukraine
No. 111-11-14.
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MOHITOPHUHT MII3EMHHUX BOJI I MOJEJTIOBAHHA MAMJAHUYHUKA «BEKTOP»
JJIA ITIPUITIOBEPXHEBOTI'O 3AXOPOHEHHSA PAJIOAKTUBHUX BIAXO/IIB
Y YOPHOBWJIbLCHKI 30HI BITUYKEHHSA

HaBeneno pe3ynbraTy HMTbOBUX AOCIIKEHb 13 MOHITOPHHTY MiJ3€MHUX BOJI 1 MO/ICIOBAaHHS, SIKi OyJI0 BUKOHAHO 3
METOIO0 KpPaIoro PO3yMiHHA IporeciB (imbTparmii mig3eMHNX BOJ Bif MaimaHunka «BekTop» s MpHUIIOBEPXHEBOTO
3aXOpOHEHHsS Ta 30epiraHHs paXiOaKTHBHUX BiJXOMIiB y YOPHOOWMIIBCHKIM 30HI BINUYXCHHS B HAINPSIMKY PidKOBOi
Mepexi. Sk maHi criocTepexeHp Mo JIOKaIbHIA MepeXi CIIOCTEPEKHIUX CBEPUIOBIH Ha MalIaHINKy «BexTopy, mo Ooymun
BukoHaHi y 2015 - 2016 pp., Tak i MOJeIIOBaHHSI 32 JIOTIOMOTOI0 PETioHabHOT QUIbTpaLiiiHOT MO/IENI YOPHOOMIBCHKOT
30HH BIIYY)KEHHS BKa3ylOThb, L0 KOHTYPOM pPO3BaHTXEHHS IMiJ3€MHUX BOZ, WO (UIBTPYIOThCS 3 MalJaH4nKa
«Bekrop», € p. Caxan — npuroka p. [Ipun’ste. Bignosinuuii yac ¢inbrpanii mia3zeMHux BoJ ouiHOThCs B 210 - 340
pokie. Yac mirpauii nigzemuum muisxom Sr, ¥Cs i tpancypanosux pamionyknigie (i3oTomis miytonito, 241Am)
OIIIHIOETHCS BIJTOBITHO B TUCSYi, JCCATKH THUCSY, COTHI THCSY, MUIBMOH POKIiB. 3a3HAYCHI pPE3yJIbTaTH, a TaKOK
HaBeJIeHI JIaHl JOCIIKEHHs! JIITOJOTTYHUX BJIACTUBOCTEH I'EOJIOTIYHUX BIJKIAIB i3 HEHACHYEHOI 30HM MalJaH4nKa
«Bekrop» cBiYaTh Mpo M00OpPY 3aXMINCHICTh MOBEPXHEBUX BOJA BiJ JDKEpesl PaIioaKTHBHOCTI (paaioaKTHBHUX
BIZIXOJIB), IO MAIOTh OYTH 3aXOPOHEHI y MPUIMOBEPXHEBHUX CXOBHIIAX Ha MaiijaHInKy «BekTopy.

Kniouosi cnosa. 4opHOOMIBChKA 30HA BIAYY)KEHHS, MOBOJUKEHHS 3 PaiOaKTHBHHMH BIAXOIAaMH, MOJICIIOBAHHS
MiA3€MHHUX BOJ, OLIHKA PU3HKY.
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MOHHUTOPHUHI TIOJ3EMHUX BOJA U MOJAEJIMPOBAHUE YYACTKA «BEKTOP»
JJIAA TPUITOBEPXHOCTHOI'O 3AXOPOHEHUA PAJMOAKTHUBHIX OTXOA40B
B YEPHOBBLIbCKOM 30HE OTYYKJIEHUA

[IpuBeneHs! pe3ymbTaThl LENEBBIX HCCICIOBAHWN 10 MOHHTOPHHTY IOI3EMHBIX BOJ W II0 MOJCIHPOBAHUIO,

KOTOpbIe OBbUIM BBIMOJIHEHBI C IEJIbI0 JIYYIIEro MOHMUMAaHHs MPOLECCOB (HUIBTPALMH IOA3EMHBIX BOJ OT ydacTKa
«BekTop» I HPUIOBEPXHOCTHOTO 33aXOPOHEHHS W XPAHEHUS PATUOAKTUBHBIX OTXOJOB B HYEPHOOBUTECKOW 30HE
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GROUNDWATER MONITORING AND MODELLING OF THE “VECTOR” SITE

OTYYXKICHUsI B HalpaBlieHUH peuHol cetr. Kak naHHble HAOIIOJEHUI 1O JOKAIBHON CeTH HAOII0JAaTENIbHBIX CKBAXKHH
Ha yuacTke «BekTop», kotopble ObuiM BbimoiHeHbl B 2015 - 2016 rr., Tak U MOJENMPOBAHUE C HCIIOJIB30BAHHEM
perHoHANbHON (HIBTPAIIMOHHOW MOJIENH YePHOOBIILCKON 30HBI OTUYXKICHHS YKa3bIBAIOT, YTO KOHTYPOM DPasrpy3KH
MO/3EMHBIX BOJ, KOTOpbie (MUIBTPYIOTCS OT yudacTtka «Bekrop», sBusercs p. Caxan — mnputok p. Ilpumsts.
CooTBeTcTBYIOIICE BpeMs (pUIbTpalvu MOA3EMHBIX BOA oneHuBaetcs B 210 - 340 ner. Bpemst Murpaiuu noa3eMHbIM
nyrem Sr, ¥Cs u TpaHCypaHOBBIX PaJMOHYKINIOB (M30TOIOB ILTyTOHHMS, 2*/AM) OIEHUBAETCS COOTBETCTBEHHO B
TBICSYH, NECATKH THICAY, COTHH THICSY, MIJUIMOH JIeT. YKa3aHHbIC Pe3yJbTaThl, a TAKKe MPUBEICHHBIC JAHHBIC
U3YYEHHs JIUTOJIOTHYCCKHX XapaKTEePHCTHK I'COJOTMUeCKUX OTIOKCHHH W3 HEHACHIIIEHHOW 30HBI ydyacTka «Bektop»
CBHJICTEIBLCTBYIOT O XOpOIIEH 3alUIIEHHOCTH MOBEPXHOCTHBIX BOJ OT HCTOYHHUKOB PaJHOAKTHBHOCTH (pajano-
AKTHBHBIX OTXOJIOB), KOTOpPBIE OYIYT 3aXOPaHUBATHCS B MPUITOBEPXHOCTHBIX XPAHUITUINAX HA Y4acTKe «Bekropy.

Kniouegvie cnoea: 4epHOOBUILCKAS 30HA OTUYXKICHUS, OOpaIlleHHe ¢ PaJHOAKTHBHBIMU OTXO/aMH, MOJIEIIUPOBAHUE
MOJI3EMHBIX BOJI, OLICHKH PHCKA.
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