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The mathematical modeling of migration of the unsorbed indicator on the way of filtra-
tion flow of the first from the surface alluvial-quaternary aquifer underground waters was
completed. The imitation modeling was performed to justify the using of isotope or in-
dicator methods to obtain reliable data on aquifer parameters, in particular, the perme-
ability coefficient. Three-dimensional geofiltration model was used and the verification
of received predictive results with the results of the field observations was completed. Pro-
gram complex Visual MODFLOW 2011.1 was used as a tool to manage and edit model and

the model’s data, which gave a chance to improve the accuracy and performance of the

model while increasing the efficiency of mathematical modeling.

Introduction

'The permeability coefficient of aquifers is one of the
main parameters of soils, which significantly affects the ac-
curacy of forecasts of changes in radio-hydrogeological
conditions of the territory and the radiation situation in the
environment. High accuracy of forecasts is the key to the
effectiveness of management decisions on the non-pro-
liferation or minimization of groundwater radionuclides
spreading in the environment and protection of groundwa-
ter against pollution. A filtration coefficient which is equal
to 30 m/day for the entire thickness of the alluvial aquifer,
at the territory of Chornobyl NPP, was determined in 2014,
according to two pumping water from water’s intake wells,
drilled to maintain the water level in the inlet and outlet
channels [1]. However, the first unconfined aquifer consists
of sandy layers, ranging from dusty to medium sized, to
medium-sized to large ones with gravel and pebble inclu-
sions and thus possibly having varying infiltration prop-
erties. Therefore, the determination of the permeability
coeflicients of individual sandy layers was proposed to be
carried out using artificial tracer (bromide ion as NaBr) or
isotope (tritium) methods with the involvement of math-
ematical modeling of migration processes.

The purpose of the work was to develop a method
of obtaining aquifer parameters at specific depth intervals
by verifying the results of simulation mathematical model-
ing of the propagation of indicators with field observations.

Materials and methods

The essence of the method includes:

1. Carrying out imitation mathematical modeling
of the launch and propagation of an indicator (e. g. sodi-
um bromide) or an isotope (e. g. tritium), which includes
the determination of inlet points, horizontal and vertical
trajectories and propagation velocities, and possible loca-
tions (observation wells) of fixation in an aquifer.

2. Simulation takes place for either variants of the
permeability coeflicient: 30, 5, 2.1 m/day.

3. Using mathematical modeling, two clusters
of observation wells 16-1A, 16-2A, and 9-2A, 9-3A were
selected, which are located approximately in one strip
of groundwater flow. Launch of sodium bromide took
place in well 16-1A, and observations of the propagation
of the indicator, according to mathematical modeling, oc-
curred in well 9-3A. Observations were also made in wells
16-2A and 9-2A.

© 1. O. Kovalenko, N. V. Sosonna, M. 1. Panasiuk, U. Saravana Kumar, 2020

ISSN 2311-8253 fyepHa eHepreTuka Ta foBKi/UIsA Ne 2 (17) 2020

95


















Methods for analyzing the hydrogeological characteristics of the aquifers

References

1. Panasiuk M. I. (2014). [Determination of filtration
coefficient of alluvial sands in the area of the Chornobyl
NPP]. Problemy bezpeky atomnyh elektrostantsiy
i Chornobylya [Problems of Nuclear Power Plants’ Safety
and of Chornobyl], vol. 23, pp. 124-130. (in Russ.)

2. Panasiuk M. L., Alfyorov A. M., Starikov M. B,
Litvin 1. A., Liushnya E. P. (2011). [Results of detailed
modeling of influence pile foundations in hydrogeological
conditions in the New Safe Confinement district
construction]. Problemy bezpeky atomnyh elektrostantsiy
i Chornobylya [Problems of Nuclear Power Plants’ Safety
and of Chornobyl], vol. 16, pp. 124-129. (in Russ.)

3. Panasiuk M. L, Alfyorov A. M., Levin G. V., Starikov M. B.
(2011). [Mathematical modeling of geomigratory
processes in water-saturated soil in area of the Shelter
object]. Problemy bezpeky atomnyh elektrostantsiy
i Chornobylya [Problems of Nuclear Power Plants’ Safety
and of Chornobyl], vol. 17, pp. 124-130.

4. Visual MODFLOW 2011.1 User’s Manual. Waterloo:
Waterloo Hydrogeologic, 2015, 702 c.

I. O. KoBanenko!, H. B. Coconna', M. I. ITanacroxk’,
V. CapaBana Kymap®

Hucmumym npoGnem 6esnexu AEC HAH Yxpainu,
syn. Kiposa, 36a, Yoproounv, 07270, Yxpaina
2MixcHapoOHe azeHmcmeo 3 amomHoi etepeil,

a/c 100, eyn. Bazpamep, 5, Bidenv, A-1400, Ascmpis

Meroau aHaNi3y rigporeoIorivHIX XapaKTepUCTUK
BOJIOHOCHNX TOPM30HTIB B OKOIMIAX ATOMHMX
€1eKTPOCTAHILIii 3 BUKOPMCTAHHAM iHIUKATOPIB

BuKOHaHO MaTeMaTUYHE MOACIIOBAHHSA Mirpanii 3
i/[3eMHUMM BOJIAMU IH/IMKATOPA, IO He COPOYEThCs, 1O
HULAXY (UIBTpALil I'PyHTOBUX BOJ IIEPIIOTO BiJi IOBEPX-
Hi a/TI0Bia/IbHO-4€TBEPTUHHOTO BOTOHOCHOTO TOPU3OHTY.
IMiTanirine MozieMIOBaHHA BUKOHYBAJIOCh 3 METOIO 00-
IPYHTYBaHHA BUKOPUCTAHHA 130TOITHUX YU iHAMKATOP-
HUX METOAIB 11 OTPMMAHHA NOCTOBI PHUX JAHUX IIPO I1a-
paMeTpu BOJIOHOCHOI'O TOPU30HTY, 30KpeMa, KoedillicHTa
¢inbrpanii. byno Bukopucrano TpuBuMipHy reodinsrpa-
LiliHy MOJE/Ib Ta BUKOHAHO Bepudikallilo orpuMaHux

HPOTHO3HMUX PE3Y/IbTATIB 3 JTAaHMMM HATYPHUX CIOCTE-
pexenb. byno Buxkopucrano nporpamy Visual Modflow
2011.1 sk 3aci6 ynpaBniHHA MOAE/UIIO TA PElaryBaHH
TAaHMX, AKiI MICTATHCA B Hill, IO Ja/J0 3MOT'Y IOKPAIUTH
TOYHICTD Ta XaPaKTEPUCTUKY MOJIEII, BiIIOBIIHO, 301/1b-
IYBIIY ¢(PEeKTUBHICTD MATEMAaTUYHOTO MOJIC/TIOBAHHS.

Kniouosi cnosa: MaTeMaTUdHe MOJIeMIOBalHs, ITifI3eMHi BOJM,
MacollepeHoC iHKaTopa, 6poM-ioH, KoediieRT inpTpartii,
06’eKT «YKpUTTSI».
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MCTO,[[I:I AHAIN33A TUAPOT€OIOTNICCKMX XaPAKTEPUCTUK
BOJOHOCHBIX TOPU3OHTOB B OKPECCTHOCTAX ATOMHbIX
SJICKTPOCTaHHI/Iﬁ CNUCNOIb30BAHNEM MHANKATOPOB

BrIniosHeHO MaTeMaTUIeCKOe MOJIC/IMPOBAHUE MU-
Ipalyu ¢ MOA3EMHBIMU BOJIAMM HECOP O PyeMOro MHIM-
KaTopa 110 IyTH (uIbTpanuy rPyHTOBBIX BOJ IEPBOTO
OT HOBEPXHOCTY &/UTIOBUAIBHO-YETBEPTUUHOIO BOJO-
HOCHOT'O TOPM30HTA. VIMUTAIIMOHHOE MOJIeTMPOBAHME
BBIIIOJIHAJIOCH C L[eIbI0 000CHOBAHU A MCIO/Tb30BAHNA
M30TOIHBIX WU UHAMKATOPHBIX METOJOB /LA IO yHe-
HUS JIOCTOBEPHBIX JIAHHBIX O IAPAMETPAX BOJJOHOCHOT'O
TOPM3OHTA, B YACTHOCTH, KO (puiinenTta GpuibTpanum.
Bbula nConbp3oBaHa TpexMepHas reo(puIbTpauoHHas
MOJIe/Ib Y BBIIIOTHEHA BEPUQUKAINS ITOTYICHHDBIX IIPO-
THO3HBIX PE3Y/IbTATOB C JAHHBIMYU HATYPHBIX HAaOMIOfE-
Huii. Vicnonbsosana nporpamma Visual Modflow 2011.1
KaK CPEJICTBO YIIPABICHUS MOJIC/IBIO ¥ PEIaKTUPOBAHNA
COZIeP>KANIUXCA B HEll JIAHHBIX, YTO HO3BOIWIO YIy4-
IUTD TOYHOCTD U XapPaKTEPUCTUKU MOJETTU, COOTBET-
CTBEHHO YBeMMIUB 5P (PEeKTUBHOCTD MATEMATUUIECKOTO
MOJIC/TMPOBAHNUA.

Kniwuesvie cnosa: MaTeMaTnieckoe MOJIeIMPOBaHNE,
T0/I3eMHBIe BOJIBI, MaCCOIIepeHOC MHIMKATOPa, OpOM-JOH,
KosppuImeHT GUIBTpany, o6beKT « YKPBITHE».
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