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AnHoTanusi. Beedenue. PannoHanbHOE HCHOIB30BaHME IIOA3EMHBIX BOJ B YCJIOBHUAX BO3pacTarolien
PEKpeallioHHON Harpy3ku TpeOyeT AeTalbHOr0 M3y4YeHHUs TUAPOIUTOChEpHBIX mpoueccoB. Llenbio paboThl
SBIISIETCS. MCCIEAOBaHUE (DUIBTPALIMOHHBIX XAPAKTEPUCTHUK U pa3pabOTKa MaTeMaTHYECKOH MOIENH IS
yuacTKka ApXbI3CKHMI-1 ApXBI3CKOTO MECTOPOXKJIEHHUS MUTHEBBIX IMOA3EMHBIX BOJ. MaTepuaibl U METOJBI.
OCHOBY HCCIEIOBaHUSI COCTaBHJIM ONBITHO-(DMIBTPALlMOHHBIE Pa0OTHI, BbINONHEHHBIE B 2024 romy Ha
ckBakmHax Ne 131-D, 131-K-1 m 131-K-6mc. OOpaboTka HaHHBIX BBHINOJHSIACK B COOTBETCTBUU C
METOAMKAMH aNMPOKCUMAIINH TIepeAaTOuHbIX (QYHKIHMI pacrpeaeeHHbIX 00beKTOB. Ha 0CHOBE cTaTndyeckux
KO3 PHUIIMEHTOB Tepefadn OIpeeNieHbl HWHTErpalbHbIe TapaMeTphl THAPABIMYECKOTO B3aWMOJCHCTBUS
ckBaxuH: D = 0,0135487; K = 0,00075576; Kp = 2,1019758. IlocTpoeHsl TpaduKku MPOCTPaHCTBEHHOTO
pacnpezeneHus KO3 DHUIIMESHTOB B3aMMOJICHCTBUS. Paspaborana MaTeMaTH4YeCKas MOJIEITb
HEYCTaHOBHBILEHCS (QUIBTPAIMN JUIS JBYXCIIOWHOW CpeNbl, YUUTHIBAIOIIAS MEPEeTeKaHHE MEXIy TUIACTaMH,
yIOpyrue CBOWCTBA MOPOJ U BO3IECHCTBHE TOOBIBAIOLINX CKBaKUH. Beprdukarus Moenu Ha ONIEBbIX TaHHbBIX
noaTeepania e€ aaekBaTHOCTh. [lomydeHHBIe pe3yipTaThl M pa3paboTaHHas MOJIENb CO3JAal0T Hay4dHO-
METOAMYECKYI0 OCHOBY JJisl ONTHMHU3ALMHM PEXHMMa 3KCIUIyaTalldd MECTOPOXKICHHS W IUIAHUPOBAHUS
MEpPONPHUATUH IO PALMOHAIBHOMY IPHUPOAOIOIB30BAHUIO B YCIOBHSX BO3pacTalOIEel pEeKpearoHHOMN
Harpy3Ku Ha perHoH.
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Abstract. The rational use of groundwater under conditions of increasing recreational pressure requires a
detailed study of hydro-lithospheric processes. The aim of this work is to investigate filtration characteristics
and develop a mathematical model for the Arkhyzskiy-1 site of the Arkhyz drinking groundwater deposit.
The research is based on experimental filtration works carried out in 2024 at wells No. 131-E, 131-K-1 and
131-K-bis. Data processing was performed in accordance with methods of approximating transfer functions
of distributed objects. Based on static transfer coefficients, integral parameters of hydraulic interaction
between wells were determined: D = 0.0135487, K = 0.00075576, Kp = 2.1019758. Graphs of the spatial
distribution of interaction coefficients were constructed. A mathematical model of unsteady filtration for a
two-layer medium was developed, taking into account leakage between layers, elastic properties of rocks,
and the impact of production wells. Model verification against field data confirmed its adequacy. The
obtained results and the developed model provide a scientific and methodological basis for optimizing the
field development regime and planning measures for rational environmental management under conditions
of increasing recreational pressure on the region.
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Introduction. The subject of this study is the Arkhyz-1 subsoil site, located in the Arkhyz
municipality of the Zelenchuksky District of the Karachay-Cherkess Republic. The village of
Arkhyz serves as the economic backbone of a federal resort, which is not only a tourist cluster but
also an important resource for the exploitation of hydromineral resources. Conservation and
sustainable use of these resources is a key objective for the region, given the annual increase in the
number of vacationers and the observed deterioration of the resource base [1, 2].

In this regard, research was conducted at the Arkhyz-1 site of the Arkhyz drinking
groundwater deposit, the results of which are intended for implementation in the practical activities
of mining organizations.

The aim of the work is to develop the theoretical foundations for managing geological
objects under conditions of man-made impact, to improve the accuracy and efficiency of
operational processes, and to substantiate development conditions that ensure rational use of natural
resources.

Studying groundwater conditions and the factors that shape their resource potential forms
the basis of hydrogeological research at all stages of deposit development [3]. The Arkhyz deposit
was explored and prepared for commercial production in 1981. Wells were drilled in the Bolshoy
Zelenchuk River valley in an intermontane basin composed of glacial and alluvial deposits. At the
time of exploration, the area was an undeveloped forested area.
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Materials and methods. Geological and hydrogeological characteristics. Quaternary
deposits are developed in the lithological-stratigraphic section at depths of 0-150 m. Well-washed
alluvial and Holocene boulder-gravel-pebble deposits with sand filler occur in the interval up to 110
m. Below them are virtually anhydrous fine-grained moraine deposits (pilite mixture).

In the section, two aquifers are distinguished: the first in the range of 10-70 m and the
second — 80-110 m (Figure 1).
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Figure 1. Arkhyz deposit

They are isolated by a clay aquiclude approximately 10 m thick (70-80 m interval). The
hydraulic isolation of the horizons is confirmed by drilling and sampling data. The main water
inflow is confined to the second horizon (80-110 m), which is better protected from surface
contamination, unlike the poorly protected first horizon. Both horizons are characterized by high
water content. The well layout diagram for the Arkhyz-1 site is shown in Figure 2.
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Figure 2. Well location diagram
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Research Methodology. The study was based on experimental filtration work (EFW)
conducted in 2024 at wells No. 131-E, 131-K-1, and 131-K-bis. The resulting dataset was used to
determine filtration parameters and verify the mathematical model. Data processing was performed
in accordance with the methods described in [4].

The study parameters of the aquifer under consideration, used to describe the static
characteristics of the hydrolithospheric process, obtained as a result of the OFR, are given in
Table 1.

Table 1. Parameters of the aquifer study

Well flow rate (m3/day)

Lowering the level in
well No. 131-K-1 (m.)

Lowering the level in well
No. 131-K-1-Bis (m.)

Lowering the water level
in well No. 131-E (m.)

600 3.76 0.55 0.38
Static transfer coefficients (( level drop)/ flow rate)
3.76/600= 0.55/600= 0.38/600=
0.00627 0.000917 0.000633

Results and discussion. Using the data from experimental filtration works, in accordance
with the methodology [1-4], we will determine the hydraulic interaction coefficients (Figure 3) of
the wells

K

Wazﬁ

exp(—f - (x* + (K - ¥)*)*®), 1)
where: K, D, K ,— parameters determined using the OFR.
The static gain coefficients of the approximating link (assuming s =0, the radius of the

depression funnel r0 =0.25m yto the values of k; and k, and k3 assumingthat L1 .»0~ L1 ;L2 .r0 =
L2 we obtain a system of equations:

( K, = K - exp(ﬁ—ﬁ * Xo)
) - K- exp(ﬁ—ﬁ Lq) @
K = L eXp(_g Hole) o oy
Substituting the calculated values, we obtain:
0,00627 = = eXp(;,ﬁ 0,25)
< 0,0000633 = eXp(;B 20) 3)
10,000917 = i eXp(_ﬁﬁ 58) b oy

Solving the resulting system, we arrive at the following result:

D=0.0135487, K= 0.00075576, K ,=2.1019758.
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The hydraulic interaction of wells is described by the following equation:
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Figure 3. Graphs of the hydraulic interaction coefficients of wells by spatial
coordinates x, y

Let us write equation (4) using cylindrical coordinates:

0,000135
Wo(r) =~ - exp(~B - 1), @)
B = 0,01352
r= (2 (2101-y)2)2 )

The mathematical model of hydrolithospheric processes of the considered deposit can be
presented in the form

Groundwater
oh,(x,y,2,7) 0%h,(x,v,2,7) 0%h,(x,v,2,7) 0%h,(x,v,2,7)
T a2 T gy 1T g2

0<x<L,0<y<L,0<z<L,,

72



CoBpemeHHas Hayka n nHHoBauumn. 2026. Ne 1

Upper layer
0H,(x,y,z,7) 1 0%H,(x,y,2,7) 0%H,(x,v,2,7) 0%H,(x,v,2,7)
T T\ g TR g g |4V Sl yen)

0<x<Ly,0<y<lLyL, <x<lL,,

where: h 1 — pressure in the groundwater horizon;

H , — pressure in the studied aquifer;

k% k2., ko , —filtration coefficients by spatial coordinates in the aquifer,

ki, ki1, k1 .- coefficients of level conductivity by spatial coordinates in the groundwater
horizon;

n,— elastic capacity of the formation;

V' =0 - K ; — the impact of the production well on the pressure (Q is the flow rate of the
production well, K 4 is the specified coefficient);

A (Xo, Yo, 2z)is afunction equal to one if X=X ¢o,y=yo,21<z<z, (WhereXxo,yo—
coordinates of the production well) and equal to zero in other cases;

X, Y, Z— spatial coordinates;

7 - time.

The boundary conditions between the layers are given in the form (Darcy's law)

Groundwater - upper layer
hl(x, Y, LZl,T) = hl(x, y, Lzl,r) + by (H,(x,y,0,7) — hl(x, Y, Lzl,r)) - 0T
H,(x,v,0,7) = Hy(x,y,0,7) — by (H,(x,y,0,7) — hl(x, Y, Lzl,r)) - 0T

(')Hz(x,y, Lzl,r) B
=0
0z

where b 1 — flow parameter.

Lower boundary of the aquifer

aHz(x, Yy, Lzl,r) _

0z 0

Lateral faces.
hi(0,y,2z,7) = h1,oF H,(0,y,2z,7) = H,,

0hy(Ly,y, Ly, T) _

0x 0
OH; (Ly,y, Ly, T) .
0x -
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h,(x,0,z,7) = hy(x, Ly,2,T) = hyo(x,Y,27);
H,(x,0,z,7) = Hy(x, Ly,z,7) = Hyo(X,Y,2,7);

where: h 10, H 20, H 30, H 40— initial states of undisturbed groundwater and the formation,
which are given in the form:

h’l,O(x;yrZ; 0) = Z;O <z< LZl

10-x
Hyo(x,y,2,0) = 32 —

X

0<x<Ly,0<y<L,,05z=<1Ly,

Verification of the model using field data from the 2024 OFR confirmed its adequacy.

Conclusions. The Arkhyz-1 site contains two high-yield, hydraulically isolated aquifers,
located at intervals of 10-70 m and 80-110 m, separated by a regional confining bed. The second
aquifer (80-110 m) is the primary water supply source, being better protected from surface
contamination.

Based on the data from experimental filtration work in 2024, the static transmission
coefficients for three observation wells were determined to be 0.00627, 0.000917 and 0.000633
m/(m>3/day) for wells No. 131-K-1, 131-K-bis and 131-E, respectively.

Based on the experimental data processing method, integral parameters characterizing the
hydraulic interaction of wells in the reservoir were obtained: D = 0.0135487, K = 0.00075576, K , =
2.1019758. Graphs of the spatial distribution of interaction coefficients were constructed, which
allows for the visualization of pumping influence zones.

A mathematical model of hydrolithospheric processes has been developed in the form of a
system of unsteady flow equations for a two-layer medium (groundwater and production horizon),
taking into account flow between layers (Darcy's law), the elastic properties of rocks, and the
localized impact of production wells. The model is supplemented with appropriate initial and
boundary conditions.

The verification of the model on a field data array confirms its adequacy and applicability
for predictive calculations of changes in the hydrodynamic regime during field operation.

The obtained results and the developed model create a scientific and methodological basis
for optimizing the operating mode of the Arkhyz field, assessing groundwater reserves taking into
account the natural protection of horizons, and planning measures for rational nature management
in the context of increasing recreational pressure on the region.
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