Tyalllu TMPEeA0CTABISIET ONpeesIeHHbIE BO3MOXHOCTH B YIpaBiIeHUU TporeccoM. Jlew-
CTBUTEIIBHO, €CJIH TIpoliecc Ae(OopMUpOBaHUs MAaCCHBA TOPHBIX TOPOJ 3aBUCHUT OT TeX-
HOJIOTHH, TO, 3HAsl 3Ty 3aBUCUMOCTb, IICJICHANPABICHHBIMU JEHCTBUSIMU MOXKHO Harpa-
BUTbH ATOT MPOIECC B HYKHOE PYCJO, a UMEHHO, HallpaBJICHHOE Ha IMPeI0TBPAIlEHUE
OIAaCHOM CHUTYallUH, a HE MPOBOLUPYIOIIEE KaTaCTPO(PUUECKYIO CUTYAITHIO.
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DEEP-WATER ORGANIC-MINERAL SEDIMENTS OF THE BLACK SEA
AS THE OBJECT OF MINING AND DEWATERING

The results of laboratory investigations of grain-size, physical, mechanical and rheological prop-
erties of the deep-sea organic-mineral sediments sampled from the depth of 1,920 — 2,150 m at the
polygon “Sapropels” in the Black Sea are given. The results obtained are analyzed. The class of par-
ticle size distribution and soil category in difficulty of developing for this type of sediments are es-
tablished.

[IpeacraBneHo pe3ynbrate Ja0OPATOPHHUX MOCTIKEHb T'PAHYJIOMETPUYHOTO CKiamy, (i3uko-
MEXaHIYHUX Ta PEOJIOTTYHUX BIACTUBOCTEH TJIMOOKOBOJAHHUX OpraHO-MiHEpaIbHUX BlAKIaAeHb Yo-
pHOTO MOps, BiiOpanux 3 raubunu 1920 — 2150 m Ha nmomnironi «Canponeni». [IpoBeneno anainis
OTPUMAaHUX pe3yJbTaTiB. BU3HAUEHO KIJIaC JAHOTO THITY BIAKIIAQACHB 110 TPAHYJIOMETPUYHOMY CKJIa-
1y 1 KaTeropist IpyHTY MO Ba’KKOCTI pO3POOKH.

[TpuBeneHs! pe3ynbTaThl 1a00PAaTOPHBIX MCCIEIOBAHUN T'PAaHYIIOMETPUYECKOTO COCTaBa, (QH3H-
KO-MEXaHWYECKHX M PEOJIOTHYECKUX CBOMCTB TIIYOOKOBOJHBIX OPTraHO-MHUHEPAIBHBIX OCAIKOB
YepHoro mopsi, oroOpanHbiX ¢ riryounsl 1920 — 2150 M Ha nonurone «Camnponenu». [lpoBenen
aHaJN3 TOJYYCHHBIX pe3ynbTaToB. ONpeeneH Kiacc JaHHOTO THUTIA OTIIOKEHHUH 110 TPaHyJIOMETPH-
94EeCKOMY COCTaBY M KaTeTrOpus TPYHTA MO TPYAHOCTH Pa3pabOTKH.
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Scarcity of the organic-mineral resources and favorable geographical location
of Ukraine from the standpoint of outlet to the sea have caused increased interest in
development of the deep-water organic-mineral sediments (DWOMS). Their total
stocks in the Black Sea basin are about 320 billion m’ [1]. Investigations of such kind
of raw materials have been started by the end of the 1980s [ in the beginning of
1990s upon interdisciplinary projects as well as international programs on studying of
the feasibility of usage of the World ocean resources for economical development of
countries in the Black Sea region. The carried out researches have established possi-
ble agronomical, industrial and ecological value of DWOMS. It caused the necessity
in searching of technical solutions to develop the resources.

Dewatering studies of DWOMS showed the advantages of mechanical mining
methods compared to hydraulic methods. But to create hi-efficiency machines for
mining and processing of DWOMS it is necessary to study properties of the sedi-
ments more in detail.

This paper is aimed to present the results of laboratory tests of properties of
DWOMS and their analysis in order to characterize DWOMS as the object of mining
and dewatering.

For research were used samples collected with the gravity corer (Fig. 1) at ma-
rine expedition in the Black Sea on the research vessel "Professor Vodyanitsky" (73th
voyage, 2013). Sampling depth was in the range of 1,920 — 2,150 m. The place of the
sampling is polygon "Sapropels" in the north-western Black Sea.

The used gravity corer was equipped with a polyethylene container mounted
inside. After lifting the corer to the vessel the container together with the DWOMS
column was pulled out of the corer and, after weatherproofing, packed into a hard
metal container special designs, developed in the National Mining University. Pack-
ing, transportation and storage of samples was carried out in accordance with the re-
quirements [2].

Fig. 1. The gravity corer (a) and the column of DWOMS (b)
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Laboratory tests of samples were conducted in the National Mining University
(Dnepropetrovsk, Ukraine) and in Freiberg Mining Academy (Freiberg, Germany).
Investigations included: mechanical-and-physical and rheological properties defining
and also grain-size analysis.

DWOMS include coccolith, diatom and sapropel silts and also their mixtures.
Underlayment is the green-grey clayey silt. Covering layer include fluid terrigenous
sediments. Stratigraphic analyze of 6 columns of DWOMS showed that the average
thickness of the coccolith layer is 0.18 m ranging from 0.07 to 0.40 m; the average
thickness of the sapropel layer is 0.22 m at the extreme values of 0.16-0.35 m. The
thickness of the sapropel-coccolith mixed layer ranges from 0.01 m to 0.16 m (the
average value 1s 0.08 m). The total thickness of the technological layer taking into
account the thickness of fluid terrigenous silts is 0.58 m at the extremes of the 0.52-
0.82 m.

Among physical properties of DWOMS were defined humidity and density ac-
cording to the methodology [3]. Grain-size tests of sapropel and coccolith sediments
were carried out on the laser scattering particle size distribution analyzer HELOS
(HO735) & QUIXEL, R3: 0.5/0.9...175um. Stugies of strain-strength characteristics
of DWOMS were conducted on the automated triaxial compression machine (sta-
bilometer) Triscan 10 according to the requirements [4]. The viscosity of soil samples
was studied on the automated rotational rheometer Thermo Scientific HAAKE
MARS III. Photographs of the used equipment are shown on the Fig. 2.

The results of studies are as follows. The average humidity of coccolith, sapro-
pel and green-grey silts was 226.5%, 379.2% and 186.0% correspondently. Their
density of the coccolith sediments was 1194 kg/m’, of the sapropel sediments —
1,110 kg/m’, of the green-grey silts — 1,255 kg/m’.

Fig. 2. Equipment for laboratory tests of ground properties: a — the rotational
rheometer Thermo Scientific HAAKE MARS III; b — the laser scattering particle size

distribution analyzer HELOS (H0735) & QUIXEL, R3: 0.5/0.9...175um; ¢ — the
stabilometer Triscan 10
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The results of investigations of grain-size of the sapropel silts are shown on the
Fig. 3. The analysis showed that in the sapropel samples the share of particles with
the size of 0.5...1.0 um was about 13%, 1.0...10 ym — 71%, 10...100 uym — 16 %.
Particles with the size of more than 125 pm were not detected. At studying the cocco-
lith samples the distribution of particles was following. The share of particles with
the size of 0.5...1.0 um was about 12%, 1.0...10 um — 68%, 10...100 um — 20 %.
Particles with the size of more than 125 pum were not detected. Thus, according to the
particle-size classification of P. L. Bezrukov and A. P. Lisitsyn, sapropel and cocco-
lith sediments refer to the clayed (pelitic) silts. According to the “Lenmorniiproject”
Research Institute classification, granulometric composition of DWOMS belongs to
the Class VI (heavy clay) [5]. On digging difficulty DWOMS can be referred to the I
Category of soils.

Fig. 3. The results of the grain-size analysis of the sapropel sediments

Triaxial compression tests were conducted by the unconsolidated-undrained
scheme. After filling of the stabilometer camera the samples were being held for
30 min at a set pressure to equalize the pressure in the pores of the soil. Tests were
carried out at the pressures of 100 kPa, 200 kPa and 300 kPa. The compression veloc-
ity of the samples was 1 mm/s. By results of the tests the Mohr—Coulomb stress dia-
grams were created, with using of which were determined the values of soil adhesion
and angles of internal friction. Stress-strain and Mohr—Coulomb diagrams are shown
on the Fig. 4. The values of adhesion of coccolith, sapropel and green-grey sediments
are 0.48 kPa, 5.26 kPa and 2.03 kPa correspondently. Angle of internal friction for all
tests is close to 0. Thus, upon the strength characteristics DWOMS can be attributed
to the soft grounds.

Plastic viscosity of the sapropel sediments is 807.4 Pa-s. For the coccolith silts
this figure is 226.8 Pa-s. The tests results in graphical form are shown on the Fig. 5.
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Fig. 4. Stress-strain (a) and Mohr—Coulomb (b) diagrams that were taken at sapropel
samples testing

Fig. 5. Rheological curves obtained at rheometric tests of the sapropel silts
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Thus, according to the results of studies DWOMS of the Black Sea can be attrib-
uted to the soft clayey saturated soils. On digging difficulty this kind of grounds can be
referred to the I Category of soils. Due highly dispersed structure DWOMS belong to the
hard-dewatering materials. With increasing of depth from the bottom surface the humid-
ity of the sediments decreases along with an increase in density and adhesion. The ex-
ception is the sapropel layer. Its high organic matter content causes higher humidity and
adhesion along with lower density compared to the neighboring layers.

The data on the physical, mechanical and rheological properties of DWOMS in
further will be used for justifying of parameters of mining and processing equipment.
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TEXHOJIOI'USA KOMIIVIEKCUPOBAHMUSA HIUPPOBBIX
MHOTI'OKAHAJIBHBIX N30BPAKEHUI

VY po0oTi 3arpornoHOBaHO HOBY TEXHOJIOTIHO NEPETBOPEHHsS OaraToKaHadbHUX (POTOrpaMMET-
PUYHUX JTAHUX VIS OTPUMAHHS MYJIbTHUCHEKTPAIbHOTO 300pa’k€HHS 3 MOJIMIIEHUMH XapaKTepH-
CTHUKaMH MPOCTOPOBOTO PO3PI3HEHHS, fKa € OUIbII €(EeKTUBHOIO Yy MOPIBHAHHI 3 BIIOMUMH aJro-
putmamy, 3okpema PCA, HSV, Wavelet.

B pabote npennoxkeHa HOBasi TEXHOJIOTHs IPeoOpa30BaHUsl MHOTOKaHAJIbHBIX (POTOTpaMMeETpH-
YEeCKUX JIaHHBIX JUISl MOJIYYE€HUS MYJIbTHCIIEKTPAJIbHOTO M300paKeHUs C YAyUIICHHBIMU XapaKTe-
PUCTHKAaMU MPOCTPAHCTBEHHOTO pa3pelleHus], KOTopas siBisieTcs OoJiee 3PPEKTUBHON MO CpaBHE-
HUIO C U3BECTHBIMU anroputmamu, Takumu kak PCA, HSV, Wavelet.
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