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Underground version of industrial landscapes in the
region of uranium mining in Ukraine

In this article |1 examined the main types of underground industrial landscape that were formed in the
region of uranium excavation — Mining and Drilling. | characterized the main features of underground
mining cavities together with the corresponding to them types of tracts. It is noted that this type of
landscape is dominating in all fields of uranium ore, where the excavation is conducted with underground
mining method (e.g. Ingylsk mine). Type of the area "underground industrial cavities", depending on the
variety of extracted rocks that contains uranium, can be divided into different variants: granite, iron ore,
sandstone etc. It is outlined that in Ukraine the granite variant of terrain type "underground industrial
cavities" is dominating. In its structure the dominating types of underground mining tracts are shafts,
tunnels, mining chamber blocks, mines, crosscuts, tunnels, and horizons that penetrate and outline the
granite rocks. It was also stated that the iron ore variant of terrain type "underground industrial cavities",
which, as well as sandstone variant, was developed in the early stages of the formation of industrial
landscape in the uranium mining region of Ukraine. It is indicated that underground drilling type of
industrial landscapes, is forming only in fields where the mining of uranium is possible using
underground leaching method. Using this method two deposits of uranium ore are worked out in Ukraine-
Devladivske and Bratsk in Dnipropetrovsk and Mykolaiv regions respectively. It is outlined that the
deposits suitable for mining of uranium using underground leaching method, are of the hydrogenous type.
They are located in water-permeable crumbly sedimentary deposits of Paleogene. Apart from the
exogenous-epigenetic uranium deposits, the deposits of sandstone-type can be also developed using
underground leaching method.

Keywords: underground landscape, underground mining cavity, mining type of underground industrial
landscapes, non-mining (drilling) type of underground industrial landscapes, underground leaching, field
of uranium ore, shafts, tunnel, well, the chamber-block mining, mine-crosscut.

Kozuncbka LII. IligzeMHuii BapiaHT NpoMHCI0BHX JAHAAPTIB periony BUA00yTKY YPAHOBHUX pPyA
B YKpaiHi. Po3risiHyTOo OCHOBHI THNH TiJ3eMHUX IPOMHCIOBUX NaHAMA(TIB, MO CHOPMYBAIHCH B
peTioHi BHUAOOYTKY YpPaHOBUX PYA — WAXMHUU mMa c6epOnioguHHutl. Y CTPYKTYpi HIAXTHOTO THILY
Mi36MHUX  OPOMHCIOBUX  JIaHAMA(TIB BHOKPEMJICHO OJWH THI ~ MICIEBOCTI —  Mia3eMHI
TipHAYONPOMUCIIOBI OPOKHUHY 3 HANEKHUMHU iM THIAMHU ypOUHIN. 3a3HAa4E€HO, IO LIeH THI Micyesocmi
JIOMIHy€ Ha BCIX POJOBHIIAX YPAaHOBHX DY/, Jie PO3POOKH BEAyTh IIJ3EMHUM CIOCOOOM (HaNpHKIAL,
Inrynbcpka maxra). THUI MICHEBOCTI «IiI3eMHI TipHUYOIIPOMMCIIOBI TMOPOXXHUHMY», 3aJEKHO BiJl
pi3HOBUIY BUIOOYBHOI IOPOJH, SIKA MICTUTH YpaH, MOJIJIICHO HAa BapiaHTH: TPAHITHUI, 3aJi30pYAHUM,
mickoBukoBuil Tomo. OkxpecneHo, mo B YKpaiHi nepeBaka€ TpaHITHUH BapiaHT THUIY MiCIIEBOCTI
«MiI3eMHI TIPHHYOIIPOMHUCIIOBI TMOPOKHUHI». B HOro CTPYKTypi MepeBa)karoTh TaKi THIH MiI3€MHUX
TIPHUYOTIPOMUCIIOBUX YPOUHIL, SIK IIAXTHI CTBOJIM, TyHENI, MOOYBHI KaMepH-OJIOKH, IIaXTH-KBEPIILIATH,
BUPOOKH, IITOJIbHI, T€3€HKH, TOPU30HTH, 110 IPOHU3YIOTH 1 OKOHTYPIOIOTh TPaHiTHI mopoau. PosrisiayTo
3ani30pyOHUll 8apianm muny micyeocmi «nio3emui 2IPHUYONPOMUCTIOBI NOPOICHUHU», KOTPHH, K 1
MIIIAaHNKOBHH, pO3BMBABCS Ha IIOYaTKOBMX eTamax ()OpMyBaHHS TIPOMHCIOBUX JaHAIMIA(TIB
YPaHOBHJOOYBHOTO perioHy YKpaiHu. 3a3Ha4deHO, W0 CEepOl08uHHUL TUM MiJA3EMHHUX MPOMHUCIOBUX
naaamadTiB, GOPMY€ETHCS JTHUIIEe HA POAOBHUIIAX, JIe MOKIUBUAN BHIIOOYTOK ypaHy CIOCOOOM IMiJI3eMHOTO
BIUIYTOBYBaHHS. TakmMm cmoco6oM B VYKpaiHi BigOpanpbOBaHO [IBa POJOBHINA YPAHOBUX pPyad —
Jesnanisceke i bpaTtceke y JHimponeTpoBchKkid Ta MuKoIaiBCchKii 06macTsax BiamosimgHo. OKpecieHo,
10 POAOBHIIA, SIKi MPUIATHI JAJIs1 BUIOOYTKY YpaHy CIIOCOOOM TiI36MHOTO BHUIYTOBYBaHHS, BiTHOCSTHCS
JI0 TUIY TigporeHHHWX. BOHM JIOKai30BaHi y BOJOMPOHWKHUX CHITKHX OCAJIOBHX BiIKJIaJaX IMaleoreHy.
KpiMm ex30reHHO-€MIreHeTHYHNX POJOBHI YpaHy, IiJ3eMHUM CHOCOOOM BWIIyTOBYBAaHHS MOJKHA
PO3pOOIATH 1 pOJOBHIIA ITICKOBUKOBOTO THITY.

KoarouoBi cioBa: mimzemHnit nanmmadT, Mig3eMHI TIpHUYONPOMUCIIOBI MOPOKHWHH, IIAXTHUH THII
MiJ36MHUX TMPOMUCIOBHUX JIAHAMA]TIB, HEMIAXTHUH (CBEP/UIOBHHHUN) THI MiI3EMHHX MPOMUCIOBUX
naHamadTiB, MiA3eMHE BHIYTOBYBaHHS, pPOAOBHMIIE YPAaHOBUX pyJ, LIAXTHUH CTBOJI, TYHEJNb,
CBEpJIOBUHA, TOOYBHI Kamepa-0JI0K, IaxTa-KBepIiar.

58



Cepis «['eorpadisi». Bunyck 27, Ne1-2. — 2015

Ko3unckas WU.I1. Ilon3eMHblil BApHAHT NPOMBILLJIEHHBIX JAaHIIIA(TOB peruoHa 1006141 YPAaHOBbIX
pya B Ykpaune. PaccMOTpeHBI OCHOBHBIC THUIIBI IMOJ3EMHBIX MPOMBIIUICHHBIX JIAHAIIA(PTOB, KOTOPHIC
c(hOpMUPOBAITUCH B PETUOHE JOOBIYY YPAHOBBIX PYJI — IIAXTHBIN M CKBOKUHHEIN. B cTpyKType maxTHOrO
TUMA TOJ3EMHBIX MPOMBINUICHHBIX JAHAMIA(QTOB BBIICICH OJWH THI MECTHOCTH — TIOA3CMHEIC
TOPHOMPOMBIIICHHBIE TOJIOCTH C TPUHAUICKAIMUMA UM THUMAMU YPOUMIL. YKAa3aHO, YTO ITOT THUI
MECTHOCTU JOMHUHHPYET Ha BCEX MECTOPOXKICHHUSX YPAHOBBIX DY, IJIC Pa3paOOTKH BEAYT IOA3CMHBIM
crocobom (Hampumep, MHrynmbckas maxrta). THI MECTHOCTH «IOJ3€MHBIE TOPHOIPOMBIIUICHHBIE
TIOJIOCTHY, B 3aBUCIMOCTH OT Pa3HOBHIHOCTH MOPOIBI, KOTOPAs COACPIKUT ypaH, ACTUTCS Ha BapUAHTHL:
TPaHUTHBIA, JKENE30pyNHBIH, MEecYaHWKOBBIA u T.n. OmpemencHo, 4ro B YKpawHe IpeoOiamaeT
TPaHUTHBIA BapHaHT THIIA MECTHOCTH «IOI3EMHBIC TOPHOIIPOMBIIIICHHBIE ITOJIOCTH». B ero crpykrype
mpeobIamaloT CIEAyIOMHe THUIBl ITOJ3EMHBIX TOPHOIPOMBINUICHHBIX YPOYHWII: INAaXTHBIE CTBOJIF,
TOHHEJH, JOOBIBAIOIINE KaMepPhI-0JIOKH, MaXThI-KBEPIUIATH, BEIPAOOTKH, IITOIBHHU, T€3€HKH, TOPU3OHTHI,
KOTOpbI€ MPOHU3BIBAIOT U OKOHTYPUBAIOT TPAHUTHBIE MOPOABI. PacCMOTpEHBI JKene30pyAHbIN BapUaHT
THUMAa MECTHOCTH «IIOJI3€MHBIE TOPHOMPOMBIIUIEHHBIE TOJOCTH», KOTOPBIA, KaK W TMECUYAHUKOBBIMH,
Pa3BUBAJICSA Ha HAYaJbHBIX dTamax (HOPMHUPOBAHUS MPOMBIIUICHHBIX JAHANIA()TOB ypaHOI0OBIBAIOIIETO
peruona YxkpauHbl. OTMEUEHO, YTO CKBAKMHHBIA THII TOA3EMHBIX MPOMBIIIICHHBIX JaHAMAPTOB,
dbopMHupyeTcsT Ha MECTOPOXKICHHSX, TIJI¢ BO3MOXKHA [00BIYa ypaHa CIOCOOOM IIOA3EMHOTO
BBIIIE/IAYMBaHUs. TakuM CrocoOoM B YKpamHEe OTpabOTaHO JBa MECTOPOXICHUS YPAHOBBIX Pyd —
HesmanoBckoe u bparckoe B [IHempomeTrpoBckoit M HwukomaeBckoil 007acTSX COOTBETCTBEHHO.
OmnpeneneHo, YTO MECTOPOXKICHUSA, NPUTOAHBIE Ui JOOBYM ypaHa CIOCOOOM —TIOA3EMHOTO
BEIIICIAYMBAHUS, OTHOCATCS K THITy TUAPOTCHHBIX. OHH JIOKAJHM3HUPOBAHBEI B BOJOIPOHHUIIAEMBIX
CBHIITyYNX OCANOYHBIX OTIOKEHHUSAX ManeoreHa. Kpome 3K30TeHHO-3MUTEHETHYECKIX MECTOPOXKICHUN
ypaHa, TOJ3eMHBIM CIOCOOOM  BBINICTAYMBAHHUSA MOXHO pa3padaTblBaTh ¥ MECTOPOKICHUS
MECYaHUKOBOI'O THIIA.

KirwueBble c10Ba: Moa3eMHbIN JIaHAIIA(T, TOA3EMHbBIC TOPHONPOMBIIUICHHBIC MOJOCTH, IIAXTHBIN THUIT
MOJ3EMHBIX TMPOMBIIUICHHBIX JIAHAIIA()TOB, HENIAXTHUN (CKBAKUHHBINA) THI IMOJ3EMHBIX MPOMBIII-
JICHHBIX JIAaHAMIa()TOB, MOA3EMHOE BBINICIAYMBAHNE, MECTOPOXKICHUE YPAaHOBBIX PYI, MAXTHBIH CTBOJI,
TOHHEJIb, CKBO)KHHA, OOBIBAIONIAs KaMepa-0JI0K, IIaXTa-KBepIIar.

Problem presence. During the centuries of active and versatile operation the
human being rebuilt not only a significant portion of terrestrial landscapes, but also
intervened in the upper part of the lithosphere, which led to the formation of peculiar
and still poorly studied underground man-made landscapes, some of which are on the
stage of landscape engineering systems. Special attention should be drawn to the
underground industrial landscape, in particular those formed in the uranium mining
region in Ukraine.

Analysis of former studies. In the twentieth century the rapid development of
industry and its significant impact on the environment has led to a fundamental
restructuring not only of small plots of land, but also individual regions of the landscape
sphere of the Earth. In the mid-twentieth century the role and meaning of industry in
restructuring of landscapes caught attention of the scientists in Ukraine, and in
particular geomorphologists and geologists. V.G. Bondarchuk, as mentioned above,
even suggested and introduced to the literature the term "mining industrial landscape”,
although still in "landscape” sense [1].

Landscape research on industrial, especially mining industrial, regions and
individual exploitation of mineral resources in Ukraine began only in the middle of 70th
after the book of F.M. Mil'kov "Man and landscapes” [12] was published.
Y.l. Glushchenko was first in Ukraine to get interested in studying anthropogenic and
mining industrial landscapes, particularly in the southern Ukraine. He was working on
the typology of anthropogenic and natural complexes of Kerch Peninsula, describing
mining exploitation.

The question of human integration and differentiation of the Crimean landscapes
was considered by G.E. Grishankova [4], but she paid little attention to industrial
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landscapes. Certainly, the impulse for active research of industrial, especially mining
landscapes in Ukraine were theoretical and methodological development of
anthropogenic landscape by Voronezh geographers — F.M. Mil'kov, V.I. Fedotov,
V.N. Dvurechenski, etc., and scientists landscapers from Moscow landscape school.

In the late 70's - early 80s the study of anthropogenic landscapes of Bukovina
and Podillia was founded by a group of physics — geographers of Chernivtsi University.
Their program contained the theory of anthropogenic landscape (L.l. VVoropay), the
study of man-made (G.l. Denysyk), settler (M.M. Kunytsia) and other landscapes.
Furthermore, the studies of anthropogenic, including industrial landscapes of the Right-
Bank Ukraine, were continued by G.I. Denysyk [5]. His researches were also based on
the area of our study region, but only in the theoretical and methodological aspects.

Landscape complexes of the region of the uranium developments are not
mentioned in works of G.I. Denysyk. Overall, the study of industrial landscapes,
including mining, in 70s-90s was conducted mainly within the forest and steppe region,
and only at the end of the XX — beginning of XXI century similar studies were
conducted in Right-Bank Ukraine steppe.

These studies concerned mostly Kryvbas — region of development of iron ore
and partially other minerals. Among the works related to the study of industrial
landscapes, works of L.M. Bulava [2] and J.G. Tiutiunnyk are worthy of mentioning.
We can see that in their works for the first time the industrial landscapes of Kryvbas
were described based on the field research, classification schemes were proposed, their
geochemical properties were partly explored and the maps were composed.
Henceforward their studies carried on by many other scientists, in particular
V.L. Kazakov worked on theoretical problems of anthropogenic landscape, put a
classification of man-made, especially mining landscapes, into practice, proposed
mechanism of its rational use and development through the landscapes of industrial
tourism [8]; I.A. Ostapchuk described the ecological risk in the area of Kryvyi Rih
natural and economic region. S.V. Yarkov explored syngenesis of the plant
communities in landscaped areas of technogenesis taking Kryvbas as an example.
G.N Zadorozhna first explored in details the derivative processes and phenomena in the
mining landscapes of the same region.

The studies, similar in content to landscape topics, on the level of facies and
tracts were also carried out by industry experts, including geologists (I.S. Paranko
(1988-2009); I.M. Malakhov (2003-2007.)), biologists and soil scientists
(O.M. Smetana and N.M. Smetana (2005-2009) geobotanists (I.A. Dobrovolsky (1979-
2000) Y.V. Malenko (1996, 2005)), etc., as well as staff of Botanical Garden of The
National Academy of Sciences of Ukraine in Dnepropetrovsk.

Scholars from other scientific and educational institutions partially studied
mining industrial landscapes of Industrial Dnipro. One of the first scholars interested in
industrial, especially mining, landscapes, was assistant professor (now professor) at the
Department of Physical Geography of the University of Voronezh (Russia),
representative of Milkov school, V.I. Fedotov. For the purpose of recultivation he
studied and mapped tailings ponds in the worked out Oleksandrivka pit of
Ordzhonikidze mining and processing plant [15].

There were also other attempts to study strictly industrial and mining landscapes
of the region under investigation, but almost all of them were related to industrial
landscapes in the formation of which (especially mining landscapes) there were no toxic
and radioactive substances.

60



Cepis «['eorpadisi». Bunyck 27, Ne1-2. — 2015

Mining of uranium ore in Kirovograd region began in the late 40s of
XX century. Since then more than two dozen uranium deposits were open, some of
which are already exhausted; a series of radioactive tailings ponds were created and
they actively interact with the surrounding landscapes, but complex landscape studies of
these unique landscapes were not yet conducted.

The aim of investigation — to consider and explore the underground industrial
landscape complexes in the region uranium mining.

The results of the investigation. Diverse underground landscape complexes,
their size and the number have not yet been counted. Among the underground
landscapes clearly distinguishes communication (multiple communication under the
cities, industrial facilities, underground sewage channels, etc.); road (tunnels, subways,
underground passages etc.); military (storage, missile systems, factories, barracks,
command posts) sacral (monasteries, churches, caves); industrial (tunnels, mines, pits,
drifts, etc.); water (underground irrigation canals, ponds and reservoirs, wells, etc.).
Such diversity allows to reveal the underground version op anthropogenic landscapes.

In Ukraine uranium ore is mined mainly by underground excavation. This leads
to the formation of a complex system of underground excavation, all of which results in
the formation of a specific, often original, landscape. Certainly, there may be doubts
about the rightfulness of the name - underground landscape. However, given the
diversity of industrial landscapes, their number and area, as well as their importance in
the life of the population, the doubts will disappear. Let's examine this in more details
by taking as an example some deposits of uranium ore.

On the basis of Vatutinsky deposit of uranium, in 1972 "Smolinska" mine was
established. Uranium mining was started there in 1976. The projected capacity is
800 thousand tons of ore per year. Industrial site of Smolinska mining complex is
located 4 km away from the village Smoline of Malovyskivskyi district in Kirovograd
region.

Vatutinsky deposit is represented by lenticular deposits of highly complex
contours. In the field 17 large ore deposits are explored in detail. Dimensions of
individual deposit vary widely: the strike — 50-690 m, the fall — 35-180 m. The total
length of the mineralization is 950 m of strike, and up to 850 m of fall. The main rock-
forming mineral of all kinds of albitites is albite, which in average contains 60-80% of
host rocks. Uranium ore deposits of Vatutine are characterized by poor and ordinary
CaO content, that is only 1-3% [14]. The structure of the deposit consists of three zones —
Eastern, Central and North-West, each of which represents a series of ore bodies.

The deposit is open by three vertical round shafts: paired "main" and
"Subsidiary" till the horizon of 460 m in the southern, and "ventilating" till the horizon
of 280 m on the northern flank. The lower part of deposit (between horizons of 460 m
and 640 m) is open by two blind shafts "blind-1", which stretches from horizon 280 m
to horizon 640 m, and "Blind 2" — from horizon 460 m to horizon 640 m. Stocks below
the horizon 640 m are not disclosed.

Delivery of the rock mass on the surface is conducted by two shafts "Main" and
"Subsidiary"”. Lifting capacity of these shafts is 800 thousand tons of rock mass per
year. The main excavation of ore is conducted in the level 550-460 and 100-70 meters.

Production of ore reserves occurs by using surface-chamber system of
development, followed by filling the excavated space with hardening mixture. As a
result a complex system of partially filled cavities is formed. This system is constantly
improved and modernized [14].
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The volume of accumulated solid waste from mining amounted to 330 thousand
tons at the end of 2012,

Novokostiantynivka deposit of uranium is the biggest, giant (the area of deposit
is approximately 1,5x1,5 km), it was open in 1975, and in 1984 the construction of the
mine complex started. "Novokonstantinovska™ mine is located in the village Oleksiivka
in Malovyskivskyi district of Kirovograd region. In 2011, for the first time since the
opening of the regular deposits continuous excavation of uranium ore began. The design
capacity of the mine complex is 250 thousand tons per year. Uranium ore reserves at the
mine ensure mining project for more than 40 years.

We can differentiate three ore zones that are similar in its reserves on the field.
Ore zones contain 178 ore bodies consisting of spatially separated ore deposits and
differ in size, morphology, quality of ores and other parameters [14].

The field is opened by three shafts: "main” that traverses the horizon at 680 m,
"the intelligence and operational” (RE-6) — up to horizon at 1086 m and "ventilation" —
up to the horizon at 680 m. Mineralization can be traced to the depth of about 1200 m.
The total length of mineralization along the strike is 1.5 kilometers, and the fall is
1.2 km. In ores they found 9 uranium and 5 uranium-containing minerals, the most
important of which are: oxides — uraninite, pitchblende, uranium hydroxide constituting
in total 74% of metal mineralization, silicates of uranium — coffinite, uranophan,
boltwoodite, betauranotil 21% and titanates - 5% of brannerite .

Development takes place in the form of surface-chamber system. Height of the
floors planned for working is 90 m, height semi-floors — 30-40 m. Sewage treatment
works are on the horizon of 240-300 m, mountain - on the horizon 300 m.

Ore albitites and granites that contain them are solid, so the excavation is held
without roofing. Their strength is 160-180 MPa. Ore-containing zones 1, 2 and 3 are
located in the north-western part, near the intersection of the fracture and in the eastern
part of the deposit, stocks of which are 38, 25.6 and 36.4% of balanced reserves,
respectively.

Now ores are excavated in horizontal layers, which allows extracting small
isolated layers on the horizons above to reduce payback periods of construction, mining
and capital works.

By the plan of the mine construction a gradual increase of volumes of ore
mining from 30 thousand tons in 2009 to 75 thousand tons in 2011 was foreseen, and
from 2012 it would make 250, 500, ..., 2457 thousand tons per year. As a result, the
length of underground cavities would increase by 12-20 km each year.

Today the main production direction of Novokostyantynivska pit is building an
underground and ground production facilities. Rock mass formed during the
construction of the underground complex, is taken to the surface and sorted. Extracted
along with construction of the mine uranium ore is transported by auto transport to the
ore storehouse of Ingulsk pit for loading into the freight railcars for further processing at
the hydrometallurgical plant in the town of Zhovti Vody [14].

The structure of mining type of underground industrial landscapes singles out
one type of terrain — underground mining cavity with appropriate types of tracts [6, 7].

The type of terrain of underground mining cavity is dominating in all the fields of
uranium ore, where the excavation is done with underground mining method. Ingulsk mine
could serve as an example. Underground industrial mining cavities are represented by the
variety of tunnels, shafts, drifts, excavation, blocks tunnels, crosscut, mining chambers,
horizons, that are penetrating and outlining the granite rocks, which contain uranium.
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Overall Ingulsk mine at a depth from 160 to 650 meters — is an underground city
that is developing two uranium deposits — Michurinske and Central. In 2011 and
2012 they extracted such an amount of ore, from which they could obtain 370 tons of
uranium concentrate. The total length of underground cavities of Ingulsk mine exceeds
120 km. The cavities extend not only within the mine location, but also penetrate under
the city of Kirovograd and river Ingul. Industrial mining cavities are multi-storied, their
height sometimes reaches 20 meters or more (generally 5-15 m), diameter is from 5-8 to
20-32m, a form is different — round, square, sometimes cavities of arbitrary shape [10].

After finishing the extraction of the uranium ore, in the abandoned cavities we
can observe the processes of self-development, in particular they are filled with fissure
waters, radioactive gases, we can also notice that some sinter forms appear, active
processes of crumbling are activating, etc.

F.V. Kotlov notes that in the field of underground mining the underground
weathering is actively developing, the speed of which is slower than on the surface, but
leads to the formation of fractures, delamination, crumbling, shifting of the rock [9].

Experimental and scientific exploration of the cavities uranium developments
are extremely dangerous not only because of the unfavorable factors mentioned above,
but also because of high rates of radioactivity.

Depending on the kind of mining rocks, that contains uranium, the type of
terrain "underground industrial mining cavity" should be divided into variants: granite,
iron ore, sandstone, etc. In Ukraine, the granite variant of "underground industrial
mining cavity" is dominating. Its structure is dominated by such types of underground
mining tracts as shafts, tunnels, mining chamber blocks, mines-crosscuts:

— Shaft is the integral part of any mine. This vertically arranged cavities in rocks,
that represent the geological section in the area of uranium ore mining. Mostly its
diameter is from 2-3 to 5-6 meters, the depth of the mines of uranium production
reaches 1000-1200 m, but the depths of 300-650 m is more common. The walls of the
shafts are reinforced with metal and concrete, a special equipment that serves the
workers of the mine is concentrated here. Some mines have from 2-3 to 8 shafts. Its
peculiar type is a well that is formed in the process of exploration of uranium ore. Their
diameter is not significant — 10-30 cm, sometimes more, but depth may reach 2-3 and
more kilometers. Only at Novokostiantynivka deposit we can count around 1500 wells
drilled on the area 1,5x1,5 km. Another type of shafts are also transitional wells —
vertical stepped passages for transporting the ore;

— Tunnels. Tunnels are built to service the mine. They are at the necessary
distance from the adits. Mostly the tunnels are laid at the angle to the surface of the
ground so that they could carry uranium ore out from the mine. For the service of a
remote from the main deposits of uranium Michurinsky deposit — the underground
tunnel of nearly 6 km was laid, and it runs under the river Ingul and concentrates there a
portion of its water. Every hour up to 500 m3 of water gets into the tunnel. This water is
pumped out to the surface, purified from the uranium and other elements and then
released into the river system. The tunnels are damp, this the reason why radon more
actively influences the population [10];

— Mining chamber blocks. Underground tracts — are "blocks" that are formed as
a result of the fact that the uranium ore in the soil is often concentrated in the so-called
lens. The size of lens can vary and can reach a diameter of 160 meters or more and
length of several hundred meters. Michurinske and Central deposits of Ingulsk mine
differ by the complex conditions of occurrence — ore lies by the great size lenses. In the
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process of ore extraction it is necessary to cut so-called blocks in an average of 50-
70 thousand tons. The blocks are gradually blasted and taken for processing, and voids
that remain after them, are often filled with waste rock [11].

In Novokonstantinovska mine two blocks are under exploitation. Introduced in
2011, the block 321-4, with ore reserves of about 70 thousand tons, is located at 240-
300 m depth. For its development about 600 meters of mine workings had to be
surmounted and 16 thousand meters of exploitation wells to be drilled. The next step is
to create two other blocks [6]. Together with wells, tunnels and mines the blocks shape
the complex underground systems;

—Mine crosscut. These underground tracts are represented by horizontal
excavations, sometimes with a small (3-5°) slope. They form an underground labyrinth
of uranium ore deposits that are developed using mining method. The working
conditions of workers depend on its conditions and technical equipment. In the mines of
uranium ore deposits the background radiation of voids is of particular importance. For
workers and professionals who deal directly with ore a permissible exposure dose
reaches 1,200 mR / hr. [13]. Specific types of tracts of the crosscut-mines, that the
miners mostly lay from the trunk to a layer, are the drifts — horizontal passages along
the ore deposit. They are laid mainly for exploration of ore bodies, in order to better
study them for the future sustainable development.

Iron ore variant of the locality type "underground industrial mining cavity" as
well as sandstone one, rapidly developed in the early stages of the formation of
industrial landscapes in the uranium mining region of Ukraine. Its remains are now
preserved in the fields of Kryvyi Rih and Zhovti Vody. Mostly cavities are covered with
waste rock or sand, and those that remained — are blocked or bricked. Sometimes on the
walls of the abandoned iron ore pit mines in the town Zhovti Vody we can trace cavities
of the underground mining landscapes.

Non-mining (downhole) type of underground industrial landscapes is formed
only in the fields where the uranium ore mining is possible only in the most progressive
way - method of underground leaching. Due to the fact that this way is new, non-mining
type of underground industrial landscape has not received more recognition. At the time
being underground leaching method worked only in two deposits of uranium ore —
Devladivske and Bratske in Dnipropetrovsk and Mykolaiv regions respectively. But the
prospects are considerable. Within the right bank of the Dnieper brown coal basin there
are open explored and preliminary estimated over ten deposits and individual deposits
of uranium, suitable for underground leaching. Among them, five — Sadove, Safonivske,
Novohurivske, Surske and Chervonoyarske are already prepared for development.

All deposits suitable for uranium mining using underground leaching method,
are of the hydrogenous type. They are located in water-permeable crumbly sedimentary
deposits of Paleogene, that are filling the erosion-tectonic depression in the Precambrian
crystalline basement (Fig. 1).

These wells cover the field in rows. In one series of wells a weak solution of
sulfuric acid is pumped, which reaches uranium in crumbly rocks, and from the other
wells, after a certain period of time - miners pump uranium-saturated solution on the
surface and collect it in the closed basins through the pipes. After the "wet" mine
working of deposits, there remains an underground system of radioactive bores and
cavities formed by subsidence and compaction of loose rocks during the leaching of
uranium. On the surface there is a network of radioactive belts (up to 20-50 mR/h), with
width of 0.5-1.0 m, that formed from the pipes that transported sulfuric solution of
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Fig. 1. Location of hydrogenous uranium deposits in the western part
of the Dnipro basin, the middle Eocene [3]

1 — marine sediments; 2 — watershed eluvial and deluvial deposits; 3 — watershed lake-marsh deposits; 4 —
river sediments of palaeovalleys; 5 — coastal river sediments of the lower tyde of palaeovalleys with
significant coal concentration; 6 — streams; 7 — deposits of uranium; 8 — ore occurrences; 9 — points of
mineralization. Deposits and ore occurrences: 1 — Sadove; 2 — Bratske; 3 — Safonivske; 4 — Khrystoforiv-
ske; 5 — Devladivske; 6 — Novohurivske; 7 — Khutirske; 8 — Syrske.

uranium, and industrial facilities where it was collected for further processing, as well
as access to the roads.

The presence of uranium in the water-permeable crumbly sedimentary deposits
allowed to use the original method of underground mining, the essence of which is that the
bored are drilled every 20-25 m, depth of which depends on the depth occurrence of uranium.

The underground leaching method can be used to develop not only exogenous-

epigenetic uranium deposits, but also sandstone-type deposits, although they are small
and medium-sized with reserves of uranium 1-3 thousand tons.

At the moment in the Central and Eastern parts of the Dnipro brown coal basin
12 areas with the perspective deposits and occurrences of uranium are defined. In each
of these areas 1-3 uranium deposits can be open. Furthermore, in the northwest part of
the Dnipro brown coal basin there is also a possibility of the opening of 5 to 7 new
uranium deposits.

Conclusion. Extraction of uranium ore using mainly underground mining led to
the formation of a complex system of underground workings, causing the creation of a
peculiar underground industrial landscape.
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