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Purpose. Substantiation of effective ways of mining titanium-zirconium ores deposits with high levels of
flooding at the exploration Motronivskyi site of Malyshevskyi Deposit.

Methodology. The correct definition of hydrogeological parameters on Motronivskyi site by constructing
wells in the relief depressions for the establishment of an average filtration coefficient in Miocene aquifer complex
with the graphic-analytical method. The digital model of the area of Motronivskyi placers is based on the publicly
available software package “VISUAL MODFLOW?” considering laboratory and field studies. Substantiation of
effective technology of overburden operations and underwater ore extraction, based on the received digital model
of the area was carried out using a technical and economic analysis.

Findings. The technological scheme of underwater mining of mineral deposits at Motronivskyi deposit allows
refusing from the use of wells for pit dewatering. The capital cost of the facility amounts to 10.5 million Euros, ac-
cording to the bankable feasibility study by “Vattenfall” company. There is also a reduction in the cost of mining
Sarmatian sands and spreading it in the basis of internal dump. Instead of loading into trucks and transporting
around the quarry at a distance of about 2 km, Sarmatian sand, in the proposed scheme, is pumped to a distance
300 m in the slurry form.

Originality. The results of studies to establish the dependency of the average filtration coefficient of the Mio-
cene aquifer on the parameters of the field are promising for the use in underwater mining operations, especially
in case when the level of groundwater in the Neogene-Paleogene aquifer remains unchanged.

Practical value. Determination of hydrogeological parameters on Motronivskyi deposit and creation of the
area digital model allows substantiating the choice of the efficient technology of overburden and mining minerals
from previously used schemes with shovel and road trucks and new schemes for mining titanium-zirconium ores
with the use of dredgers and hydraulic transport.

Keywords: placer deposits, hydrogeological parameters, dredger

Introduction. The exploitation of placer titanium-
zirconium deposits in Ukraine began more than half a
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century ago. For this time various methods and tech-
nological schemes of mining operations have been
implemented. As a result of researchers and produc-
tion workers’ creative efforts, a technology was found
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and brought to a high productive performance, which
includes mining ore with dragline, transporting it to
points of the integrated hydraulic ripping, washing-
out with a hydraulic giant and pumping as slurry (pulp)
to the concentrator.

Successful use of this technology gave rise to the idea
of its perfection and universality. Therefore, this tech-
nology was proposed in the drafts for mining Motron-
ivskyi site (MS) of Malyshevskyi deposit as well as
weathering crust of Stremyhorodske magmatic deposits.

However, the experience of practical application of
the above technology while developing a particular
field indicates its incapability. This is due to the unique
hydrogeological conditions and engineering geologi-
cal properties of rocks in the Motronivskyi site of
Malyshevskyi Deposit. Therefore, there is an urgent
issue which is to develop a new technology for devel-
oping titanium-zirconium ore at Motronivskyi site de-
posite [1].

Analysis of the recent research. Hydrogeologi-
cal conditions in the period of exploration Motron-
ivskyi titanium-zirconium placer were not studied suf-
ficiently. The source of information for the develop-
ment of the project documentation was the report of
“Tsentrukrheolohiia”, a subsidiary of NAK “Nadra
Ukraine” in 2002.

The seventies of the last century saw active im-
provement of mining technology for placer mineral
resources with a high degree of irrigation. Thus, an un-
derwater method was proposed to develop the mineral,
which was also used for Irshanskyi deposits of conti-
nental origin. Stripping was performed with a dragline,
and the ore sand was removed with bucketline dredges.
Due to the complexity of the ore deposit shape and
mutability of the minerals content, the control over
the pulp composition was insufficient [2]. This led to
increased losses and mineral dilution.

The world practice of open cast mining has also
dealt with solving this problem. While analyzing re-
search works, we considered the experience of the
mining of coastal placer deposits in Australia, India,
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America, and New Zealand, where the minerals are
extracted from the water by dredgers or drags. Typi-
cally, dredgers for ore extraction are installed with
dressing tools, which are mounted on barges. Only
rough concentrate is transported to the coast. The ex-
perience of dredger application to dewater Lebedinsky
iron ore pit was analyzed as well.

Unsolved aspects of the problem. Existing de-
velopments in the local and foreign scientific-research
and design works does not allow applying known solu-
tions while mining the Motronivskyi placer without a
detailed substantiation of the hydrogeological condi-
tions of the deposit. This is explained by the fact that
Motronivskyi site is an ancient marginal-marine de-
posit. The field is different from continental ones by
the flat roof surface. The sole of ore deposits is deter-
mined by the conditioning of the mineral content and
varies little in space.

The identification of Motronivskyi placers hydro-
geological parameters allows moving on to the techno-
logical component of the task, which is to select effec-
tive technological schemes of mining flooded placer
deposits of titanium-zirconium ores.

Objectives of the article. The definition of cor-
rect hydrogeological parameters of Motronivskyi plac-
er due to the construction of wells in a lower part of
relief allows establishing the average filtration coeffi-
cients of the Miocene aquifer complex. The develop-
ment of digital models of Motronivskyi placers based
on public software package “VISUAL MODFLOW”
was made according to laboratory and field studies.
Substantiation of effective technology of overburden
and under water ore mining was based on the obtained
digital models of the deposit area.

Presentation of the main research. The area of
the deposit field features spreading water in the cracks
of the primary igneous rocks and in sediments of the
Kyivskyi, Buchatskyi, Kharkivskyi, Poltavskyi and
Sarmatian ages (Fig. 1).

The last two horizons are identified as Miocene
aquifer system. Glauconite sand of the Kharkivskyi

il (h "iu i
m [l "
”l"h il : AN
=

I ¢ I 2 [ s [T 4 [ s [ s (I 7 —— &

Fig. 1. Schematic hydrogeological section of Motronivskyi-Annouskyi site:

1 — water in fractured crystalline basement rocks; 2 — water in the crust of weathering, the sand of buchatskyi and
kyivskyi layers; 3 — relatively aquifuge sand of kharkivskyi layer; 4 — sands of the poltavskyi series; 5 — sarmatian
sands; 6 — seat clay; 7 — partially flooded loess loams; § — groundwater levels in the quaternary sediment and in
the Miocene aquifer complex
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layer in this area of clay has a firm consistency. It is
adopted for aquifuge bed that divided Miocene aquifer
complex from aquifers which are located below.

To determine the hydrogeological parameters, two
welt clusters were built in depressions of relief — beams.
The Central borehole was drilled with a diameter of
600 mm and equipped with filter columns of pipes
with a diameter of 219 mm. The filters were installed in
the layer of the Poltava deposits. The space between
the side of the hole and the filter was filled with gravel.
During the experiment test pumping of water was car-
ried out with a constant flow at one fall. The results
showed the average filter factor of the Miocene aquifer
complex, equal to 3 m/day.

The obtained parameters were taken as the basis in
the calculation of dewatering system within the feasi-
bility study for MS mining by German engineering
company “Vattenfall”. The planning schemes of de-
posits dewatering due to dewatering well with filters
were installed in the bottom of the Poltavskyi and
Kharkivskyi sediments. The complexity for the pro-
posed systems has caused the need for detailed analysis
of existing materials and additional hydrogeological
investigations.

To refine the hydrogeological parameters, the fil-
tration properties of rocks are determined using differ-
ent methods: 1) the calculation according to the results
of granulometric analysis; 2) studies with laboratory
instruments; 3) field experimental-filtration works;
4) the solution of inverse problems according to digital
simulation models.

Granulometric composition of the ore sands are
given in Table 1.

As we can see from the data given in Table 1, ore
“sand” contains 74 % of very fine sand, 17.8 % of dust,
and 8.2 % of clay.

According to the engineering-geological classifica-
tion of rocks [3] regarding grain-size composition ore
sand is not sand, it is light dust loam. The filtration co-
efficient is a function of granulometric composition
and porosity. For the well-known empiric formulas

their filtration coefficient is 0.0034 m/day, which is
three orders of magnitude smaller than adopted in the
design.

Sarmatian Sands are more coarse-grained than
Poltavskyi sands.

Granulometric composition of the Sarmatian stage
sands is given in Table 2.

According to the granulometric analysis, the filtra-
tion coefficient of Sarmatian sands is from 1.4 to
12.4 m/day.

For better certainty, laboratory measurement of
the filtration coefficient Sarmatian sands was con-
ducted using a modified device of G.N. Kamensky.
The obtained values of filtration coefficient are
2—6 g/day. Laboratory testing of permeability coeffi-
cient of sands ore was not possible because they have
water loss close to zero. The water in them has a
bound form.

The obtained results of calculations and laboratory
studies allow conducting an alternative interpretation
of the pumping test results from well made by different
organizations previously.

Although the filters of central welt cluster were lo-
cated in the interval of Poltavskyi sands, the occur-
rence of gravel between the wall of the borehole with a
diameter of 600 mm and pipes with a diameter of
250 mm has stipulated the free water flowing in the fil-
ter interval of the Sarmatian deposits (Fig. 2).

The water conductivity (k'm) designed by the
graphic-analytical method was 70 m/day. This means
that the parameters do not refer to Poltavskyi, but refer
to the Sarmatian sediments. If the resulting water con-
ductivity — 70 m/day is attributed to the layer of flood-
ed Sarmatian sands — 5.5 m, we will receive a filter
factor of 12.7 m/day.

Refinement of hydrogeological parameters is made
while observing pumping water out of the trench in
size of 36 x 77 m, mined by the Esh10/50 Dragline to
a depth of 3 m below the water level. In the trench, a
pump was installed and water pumping was done with
a flow rate of 40 m’/hour.

Table 1
Granulometric composition of the ore sands
Size fractions, mm Total
Parameters | =909 | —0.500 | -0.250 -0.100 ~0.050 -0.010 =0.005 | oo B
+0.500 +0.250 +0.100 +0.050 +0.010 +0.050 +0.001 ’
Content, % 0.01 3.61 20.73 49.21 6.44 7.27 3.94 8.19 100
Table 2
Granulometric composition of the Sarmatian stage sands
Size fractions, mm Slope angle
Parameters
0.5-2 | 0.25-0.5 | 0.1-0.25 <0.1 d60 D10 Dry soil Under water
Content, % 1.3 39.2 45.4 14.1 0.2—0.26 0.04—0.12 32 29
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Fig. 2. Diagram of the water flow through gravel
strew while conducting pumping tests

The filtration coefficient was determined accord-
ing to the formula of Theis for non-stationary mode,
m/day

K=0-1n(2,25-a - t/r2)/dn- S,

where Q is the pumping flow rate, m’/h; a is the coef-
ficient of piezoconductivity of bed, m?/h; ¢ is time, h;
r is given radius of the excavation, m; .S is demo-
tion, m.

Since the formula is not solved regarding filter co-
efficient explicitly, the method of iteration is applied,
which results in a value of K= 13.2 m/day. This result
almost coincides with the results of calculations of the
pumping tests (12.7 m/day).

Considering laboratory and field studies the digital
model of the area Motronivskyi placers was developed.
It is based on publicly available “VISUAL MOD-
FLOW?”. software package. Solving the inverse prob-
lem, we found the following filtration characteristics of
the key rocks of the Miocene aquifer: 1) the deposits of
the Poltava series — filtration coefficient 0.0034 m/day,

Sarmatian sand in beams — 12.7 m/day, the rest of the
area — 1.4 m/day. The water loss equals 0.1.

These parameters were adopted in prediction calcula-
tions of water inflow into a prospective quarry with the
open method of drainage. The simulation results in the
flow of water are not more than 1000 m?/day, 50 m?/hour.
To pump this amount of water would not present any
problems. However, to drain the deposits in Poltava se-
ries is not possible due to the lack of water loss.

The establishment of geotechnical properties of
rocks was performed using analysis of geological docu-
mentation of the deposits in the Poltava series, where
it is listed as sand. However, according to the engi-
neering-geological classification of rocks according to
grain-size composition, they are light dust loam [3].

Such water-saturated soils are thixotropic, under
the action of dynamic loads or hydrodynamic pressure
they deliquesce. In mining and construction, they are
defined as the quicksand [3]. They outpour from the
excavator bucket and the truck body. The walls of
boreholes are become swollen.

This is confirmed by the fact that the selection of
technological samples of titanium-zirconium ore was
conducted from the wells using an auger, and notably
75 tons of sand was produced from bore No. 2 [3]. Un-
der the action of gradient filtering on trickling sites,
water depth career become swollen. As a result, a swol-
len niche is formed, which provokes the collapse of the
thicker Sarmatian sediments lying above the ore de-
posits. In such rocks, the excavation of drainage ditch-
es and sumps is not possible. The only possible way is
the underwater excavation of ore.

The first industrial tests of the underwater mining
method for Motronivskyi placers were held at the au-
thors’ suggestion in 2015.

To master the underwater technology a dredger of
ZGM-2m 42-8 type has been installed with the follow-
ing technical data: performance of the dredge pump
for slurry 2000 m3/h, for solid 300 m?/h. Normal depth
of excavation is 11 m, the maximum one reaches 18 m.

Fig. 3. Dredge in Motronivskyi open cast mine
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The movement of the dredge is of an anchor type.
Fig. 3 shows a photo of the dredger working in Mo-
tronivskyi cast.

The dredger is mounted in the pit with a depth of
about 1.6 m from the water level and a volume of
9600 m? which was built using the dragline. The first
test run of the dredge was held in late August, 2015.
When trying to start the operation, the available supply
of water in the pit was nearly exhausted within three
hours and a dredger ran aground. The groundwater in-
flow was scanty and further dredging work was not
possible. In this regard, the technology needs the re-
verse water supply and recharge from an external
source. After that the pit was expanded and filled with
water collected in a temporary pond. At a distance of
about 300 m from the excavation, a temporary hydrau-
lic-mine dump was built.

From October, 2015 the regular dredger works
started. It was found that the sand of Sarmatian hori-
zon was washed out quite effectively. The swath walls,
which a dredger forms, are first held in a vertical posi-
tion, but within a few hours they become swollen. The
maximum angle of bottom inclination after passage of
the dredge is 28—32°.

Mining ore while deepening the working body of
the dredge below the base of Sarmatian sand is easy.
By the end of November a trench was formed with a
width of 100 m and a length of about 200 m. The depth
map of the pit, which was formed as of 19 November,
2015, is shown in Fig. 4.

The maximum depth of excavation, reached on
November 23, 2015, was 8 m at a distance of 50 m from
the shore. The tangent of the bottom slope was equal
0.18, which corresponded to the angle of 10°.

- —m—etres
0 5 10 20 30 40

Fig. 4. The map of the open-cast mine depths in
November 2015
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While trying to deepen the excavation to the roof of
the ore sand, the internal erosion takeaways occurred
that led to the leveling of the pit bottom. Along the
side on the surface cracks appeared, indicating a
drawdown of thickness of Sarmatian sand over the
flow core in the ore sand. Overall, the experience with
the use of a dredger to conduct stripping and mining
operations gave a positive result. Further, it is worth
mastering the system practice determining the opti-
mal producing cards size, organization of dredgers
movements, etc.

After the establishment of the basic hydrogeologi-
cal parameters of the Motronivskyi placer, the se-
quence of mining works was defined. According to
the concept of the authors, the technology of over-
burden and mining minerals from the underwater
condition can be implemented in several different
ways.

According to the first method, the Sarmatian de-
posits are developed in a mechanical way, according
to the second one in a hydromechanic way. To imple-
ment the first method it is necessary to construct a pit
and reduce the water level in the roof of ore deposits
using a dredger (Fig. 5). The dragline is placed on
berm in the sandstones above the water level and pro-
tects the roofing of ore formation, creating a berm on
the roof of the ore. The width of the berm must be
such that with the displacement of the ore ledge, the
line of the cliff does not reach the soles of the Sarma-
tian sands and with the collapses in the Sarmatian
sands, the products of the collapse do not reach the
sand ore.

The water level in the pit should be at a few deci-
meters below the roof of ore deposits, for visual in-
spection when cleaning the roof with an excavator. In
the case of water level rise due to heavy precipitation,
the dredge elevates a suction pipe and pumps the water
into the reservoir. At the lowering of water level, water
is supplied from the storage pond. The first method
implementation is complicated by the fact that the
Sarmatian sand below the water level also has proper-
ties of quicksand. Another negative factor is the large
cost of transportation of Sarmatian sand inside the in-
ternal dump with dump trucks, due to the considerable
distances, because the full development of the quarry
will reach a width of over 1.5 km.

Fig. 5. The scheme of stripping and mining ore
(method 1):

1 — water; 2 — ore; 3 — water-bearing Sarmatian
sand; 4 — dry Sarmatian sandstone; 5 — aquifer
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Fig. 6. The scheme of excavation of flooded Sarmatian rocks with a dredge:

1—5 are the same parameters (Fig. 5)

As for the second method, the flooded and later
above-water part of the Sarmatian sand is also mined
with a dredger (Fig. 6). The water level in the open cast
mine corresponds to the natural one.

There are several stages in the development of min-
ing operations. At the first stage, initial excavation, in
which a dredger is installed, is constructed using the
dragline. The dry part of the bench surface is left of
minimum height that allows the vehicles to move. The
dragline develops Sarmatian sand, which is delivered
by road to the external dump. The dredger works out
the Sarmatian Sands within the interval from water
level to the roof of ore deposits. The slurry is fed to a
temporary dump. Water from the hydraulic-mine
dumps returns to the pit.

The first phase continues until the width of the pit
bottom reaches 60 m. This width is determined from
the condition that with the width of the berm of 30 m

Sarmatian sand does not float to the extractive slaugh-
ter.

‘When a berm with a width of about 30 m between
the mining face and the slope of Sarmatian sand is
formed, we proceed to the second stage: to install a
second dredger and begin the mining of the ore
(Fig. 7). Extracting dredger forms a trench with a
depth equal to the thickness of the ore seam and then
expands it after the promotion of dredger, which per-
forms opening.

Upon reaching the mining trench width of 30—
50 m, the third stage of mining operations begins. At
the same time the dragline mining of over-ore bench
with Sarmatian sands is finished (Fig. 8).

The dredger is equipped with a giant monitor for
wash-out of the surface ledge. The installation of a
slurry pipeline is carried out for reclamation of Sarma-
tian sand in dump from the opposite side of the pit.

—>
To plant

Fig. 7. The scheme of excavation of flooded Sarmatian sands and ore with dredges

—
10lm To plant
0 o/
18 m
16m_ | 13m_[30m]| 22 m | 50 m | 40 m
170 m

Fig. 8 Mining scheme for over-ore bench with Sarmatian sands and ore by dredges
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The dredgers are moving in the direction of the front
works. The worked-out area is filled with sand of Sar-
matian horizon. The latter should serve as the basis for
dumping rocks in the internal dumps in a mechanical
way.

In order to make the height of the sand deposit
greater than the excavation depth (from the water level
to the soles of ore deposit), the first dredger is to de-
velop a Sarmatian sand bench with a height of 16 m of
which 6 m is under the water and 10 m is above the
water.

The fourth stage of mining differs in the fact that
overburden rocks which are developed for the road
transport system, begin to store the rocks of the over-
burden into the mined-out space on the surface of
washed beach with Sarmatian sand.

The fifth stage occurs after the storage of tailings on
the surface of internal dumps becomes possible.

The research aimed at the use of the worked-out
area and the internal dump pits for the placement of
tailings started in Ukraine in the seventies of the last
century. On the basis of scientific research [4], the proj-
ect of the tailings dumps in the internal dump of Niko-
pol manganese pits was developed and in 1975 the first
phase of the tailings was brought into the operation.

The technological scheme for the development of
Irshanskyi ore field placers is given in [2]. After the
formation of a sufficient space of mined-out areas, the
refinement tailings are placed between the internal
dumps. The latter are formed in a ridge shape dumps,
which serve as fences dams. For conditions of Maly-
shevskyi titanium-zirconium deposits, these proposals
are formulated in the patent [5].

The main conditions for placing the tailings on
dumps surface are presented in the following way.

The dump relief is formed in such a way as to serve
as tailings dams in the future. The tops of the dams
correspond roughly marks a natural watershed.

Considering the fact that the volume of overburden
is 4 times as large as the amount of waste, the dams
should be formed with large margin of safety.

The building of dams and tailings alluvium is com-
pleted synchronously. The water discharge is provided
through stoplog wells and pipes, which are laid under
the dams.

As a result, landscape is formed from the system of
the tailings which is similar to a system of beams
blocked by dams.

Conclusions. The application of the proposed
technology of mining the Motronivskyi placer allows
refusing from draining careers using water depression
wells. According to the bankable feasibility study de-
veloped by the “Vatenfall” company, the capital cost
on the wells system construction for dewatering of the
quarry would amount 10.5 million Euros. Moreover,
there is no need for the construction of temporary
dams in the beam to intercept and pump surface water
with the subsequent dismantling of dams when the
mining operations area approaches them.

The proposed technology allows rejecting the ore
excavation of sand, transportation of ore to the “pulp”

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 6

knot, with subsequent erosion, because ore is eroded
directly by dredger. Instead of excavators and dump
trucks dredges, which cost much less, are used.

Benefits from the introduction of underwater min-
ing of minerals at the Motronivskyi placer include the
reduction of costs on overburden of the Sarmatian
sands and its storing in the basis of an internal dump.
Instead of loading into trucks and transporting around
the pit at a distance of about 2 km, Sarmatian sand in
the form of slurry is pumped to a distance of 300 me-
ters only. The power costs for pumping tailings from
the mine to the concentrator decrease significantly
provided the factory of preliminary ore dressing is in-
stalled on the pontoons. According to preliminary es-
timates, the conventional method being used, these
costs reach 130 million kW-hours per day. When plac-
ing an ore dressing plant on the pontoons, the costs
reduce by 10 times.

The obtained results are promising regarding the
use in underwater mining of minerals, particularly
when the level of groundwater in the Neogene-Pa-
leogene aquifer remains unchanged. This helps to
prevent the development cone of influence and de-
pletion of groundwater resources. In the process of
deposits exploitation the very fine-grained ore sand
is replaced by coarser sand of the Sarmatian horizon
in which additional reserves of groundwater are gen-
erated.
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Meta. OOrpyHTYBaHHS €(MEKTUBHOIO CIIOCOOY
PO3pPOOKU POMOBUIL, TUTAHO-LIMPKOHIEBUX PYI 3 Be-
JIMKUM piBHEM OOBOAHEHHS Ha MpUKjIaai MoTpoHiB-
CbKOI TinsTHK ManuiieBChKOro poJoBUIIA.

Metoauka. BusHaueHHsSI KOpPEKTHMX TiIporeo-
JIOTIUHUX mapaMeTpiB  MOTpPOHiIBCHKOTO pO3CUNy
[IIJIIXOM CHOPYIKEHHSI CBEPIUIOBUH Y TTOHIKEHHSIX
penbedy 151 BCTAaHOBJIEHHST CepelHbOro KoedillieH-
Ta (inbTpallii MiolleHOBOIO BOHOHOCHOTO KOMILJIEKCY
3a rpadgoaHaiTuyHuM Mmetonom. LludpoBa monens
paitoHy MOTpPOHIBCHKOTO pPO3CUITy CKJIaJeHa Ha
OCHOBi  3araJIbHOOOCTYITHOTO ITaKeTy IIporpam
,VISUAL MODFLOW* 3 ypaxyBaHHSIM J1a00paTop-
HUX 1 TIOJIbOBUX AOCIiIKeHb. OOrpyHTYBaHHS e(eK-
TUBHOI TEXHOJIOTii pO3KPUBY Ta BUIOOYTKY PYIU 3-TTi/1
BOIY Ha OCHOBi OTpuMaHOi LM(GPOBOI MoeIi palioHy
BUKOHYBAJOCS 3 BUKOPMCTAHHSIM TEXHiKO-E€KOHO-
MiYHOIO aHami3y.

PesyabraTu. Po3po0JieHi TEXHOJOTiUuHi cxeMu
MiIBOMIHOI PO3POOKY KOPUCHOI KOTIATMHU MOTpPOHiB-
CbKO1 HiISTHKU JTO3BOJISIIOTH BiAMOBUTHUCS Bif BUKO-
PUCTaHHS CBEPIUIOBUH ST OCYIICHHS Kap’epy, Karli-
TaJlbHI BUTPATH Ha CITOPYIKEHHSI SIKUX CTAHOBISITh
10,5 MJTH €BpO, BiAIIOBITHO 10 PO3p0o0IIeHOTrO (hipMOIO
,,BareHdanns“ 6ankiBcbkoro TEO. Takox BimOyBa€Thb-
Csl BMEHIIICHHSI BUTPAT Ha PO3KPUB CapMaTChKUX ITiC-
KiB i iX YKJIaJIKy B OCHOBY BHYTPIIIIHbOTO BigBaiy. 3a-
MiCTh HaBaHTaXKyBaHHS 10 CAMOCKU/IIB Ta TPaHCIIOp-
TyBaHHS$I HaBKOJIO Kap’€py Ha BiIcTaHb OiJist 2 KM, cap-
MaTChKUI MiCOK, MpU 3anpoNoHOBaHill cxeMi, y BU-
IS MyJIBIU TepeKadyeThbes Ha BiacTaHb 10 300 M.

Haykosa HoBu3zHa. OTpuMaHi pe3yabsTaTv JOCTi-
JUKEHb 31 BCTAHOBJIEHHSI 3aJIEXXHOCTEW CepeaHbOro
KoediuieHTa ¢inbTpalilii MiolleHOBOTO BOIOHOCHOTO
KOMIIJICKCY Bifl ITapaMeTpiB pOIOBUINA MEPCIIEKTUBHI
IO 3aCTOCYBaHHS MPHU ITIIBOTHOMY BUIOOYTKY KO-
PUCHUX KOTIAJIUH, 0COOJIUBO Y BUITAIKY KOJIU PiBEHb
ITiI3eMHUX BOI HEOTECH-TaJIeOTeHOBOTO BOTOHOCHO-
IO TOPU30HTY 3aJTUIIAETHCSI HE3MiHHUM.

IIpakTuyHa 3HaunMicTs. BusHaueHHs rigpore-
OJIOTiIYHUX MapaMeTpiB MOTpOHIBCbKOTO PO3CUITY Ta
CTBOPEHHST LIM(POBOI MOJIEJi pailoHy I103BOJISIE 00-
IPYHTYBaTU BUOIp €(hEeKTUBHOI TEXHOJOTil pO3KPUBY
Ta BUIOOYBaHHS KOPUCHOT KOMAJIMHU 3 paHille Bigo-
MUX €KCKaBaTOPHUX i aBTOTPAHCIIOPTHUX CXeM Ta
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CcXeM BUIOOYyBaHHSI TUTAHO-LIUPKOHIEBUX PyI 3 BU-
KOPUCTAaHHSM 3€MCHAPSIAIB i TIIPOTPAHCIIOPTY.

Kirouosi ciioBa: pozcunui podosuwia, 2iopoeeo-
N02IMHI napamempu, 3eMCHAPIO

IHenab. O6ocHoBaHue 3((HEKTUBHOrO CcIiocoda
pa3pabOTKU MECTOPOXIECHUIN TUTAHO-LIMPKOHNUEBBIX
PYI C BBICOKHM YPOBHEM OOBOMHEHMUSI Ha MpUMEpPe
MOTpPOHOBCKOIO ydyacTka MabIlleBCKOIO MECTO-
POXIEHUSI.

MeTtoauka. OnpeneyieHue KOPPEeKTHBIX TUAPOre-
OJIOTMYECKMX TTapaMeTpoB MOTPOHOBCKOI POCCHITIN
IyTEeM COOPYKEHMUSI CKBAaXKMH B TTIOHVKEHUSIX PeIbe-
da g ycTaHOBJIEHUSI CpemHero KoadduiuneHTa
¢GmIBTpallii MUOLICHOBOTO BOTOHOCHOTO KOMILICK-
ca mo rpadoaHanuTHIecKoMy Mertomy. Lludposas
Mozesib paiioHa MOTPOHOBCKOI POCCHIINU COCTaBJIe-
Ha Ha OCHOBE OOIIENOCTYITHOTO MakKeTa IporpamMm
LVISUAL MODFLOW ¢ ydyeToM 1abopaTOpHBIX U
nojeBbIX uccaenoBaHuit. OdbocHoBaHue 3O HEKTUB-
HOI TEXHOJOTMHY BCKPBIIIHBIX pA0OT U TOOBIUU PYIbI
WU3-TIOJ BOIbI, HA OCHOBE MOJYYEHHOU LM(POBOI
MOJIeJIM paliloHa, BBIMOJHSJIOCH C MCITOJIb30BaHUEM
TEeXHUKO-3KOHOMHWYECKOTO aHaI13a.

Pe3ynbrarnl. PazpaboTaHHBIE TEXHOJIOTUYECKUE
CXEeMBI TIOIBOTHON pa3pabOTKH ITOJIE3HOTO MCKOTIae-
MOro MOTPOHOBCKOTO y4YacTKa IO3BOJISIOT OTKa-
3aThCS OT MCIIOJIB30BAHMSI CKBAXKWH IIJISI OCYIIICHUS
Kapbepa, KalluTaIbHbIC 3aTPaThl HA COOPYKCHUE KO-
TOpBIX cocTaBisTioT 10,5 MIIH €Bpo, comtacHO pa3pa-
ootaHHoro ¢upmoit ,,BareHdanp” 0aHKOBCKOro
THO. Takke TpOUCXOOUT YMEHBIIIEHE PACXOA0B Ha
BCKPBITHE CApMATCKUX MECKOB U UX YKJIAJIKy B OCHO-
BY BHYTpEHHEro oTBaja. BMecTo morpy3sku B camo-
CBaJIBl M TPAHCITOPTUPOBKM BOKPYT Kapbhepa Ha pac-
CTOSTHHE OKOJIO 2 KM, CapMaTCKUI MeCOK, MPU MPe-
JIOKCHHOI cXeMe, B BHIE ITYJIBIBI IIepeKauYnBacTCsI
Ha paccrostHue 10 300 m.

Hayunas wHoBu3Ha. [lomydeHHBIE pe3yiabTaThl
WCCICNOBAHUI TIO YCTAHOBJIICHHIO 3aBHUCHMOCTEH
cpenHero KoadduimreHTa GuIbTpaiui MUOLIEHOBO-
0 BOIOHOCHOTO KOMILJIEKCA OT MapaMeTPOB MeCTO-
POXACHUS IMTEPCIEKTUBHBI K TIPUMEHEHMIO TIPU TTOM-
BOIIHOM T00OBIUE MOJIE3HBIX MCKOITAaeMbIX, OCOOEHHO B
ciyyae, Koriaa YpOBEeHb IMOA3EMHBIX BOA HEOreH-Ta-
JIEOTEHOBOI'O0 BOJOHOCHOI'O FOPU30HTAa OCTaeTCsl He-
N3MEHHBIM.

IIpakTnueckas 3HauumocTb. OripeaeieHue ru-
JIPOTEOJIOTMIECKUX MapaMeTpoB MOTPOHOBCKOI poc-
CBHITIN ¥ cO3IaHMe IM(POBOIT MOIEIN paitoHa TT03BO-
JISIET 000CHOBATH BBEIOOP 3(P(HEKTUBHON TEXHOJIOTUHN
BCKPHIIITHBIX U JOOBIYHBIX PadOT U3 IIPUMEHSIEMBIX
paHee PKCKaBaTOPHBIX M aBTOTPAHCIIOPTHBIX CXeM U
CXeM TIO JTO0OBIYe TUTAHO-IIMPKOHUEBBIX PYI C HMC-
MMOJIb30BaHUEM 3€MCHAPSIIOB U TUAPOTPaHCIIOPTA.

KiroueBble cJIoBa: poccobinHvle Mecmopodscoe-
HUsl, eudpoeeonocuueckue napamempul, 3eMCcHaAps0

Pexomendosarno 0o nyoéaikauii dokm. mexH.
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