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ABSTRACT

Chepil V.P. Geological conditions of formation and exploration of
unconventional hydrocarbon sources of VeRodillya T Qualifying scientific
work on the rights of the manuscript.

Dissertation for obtaining the degree of a candiddtgeological sciences
(Ph. D.)in the specialtyp4.00.17i "Oil and gas geology(103i Earth Sciencgs
T Institute of Geological Sciences of the National Academy of Sciences of Ukraine.
Kyiv. 2019

The work is devoted to the study of the prospectsmafustrial oil and gas
bearing nortraditional sources of hydrocarbomd Volyn-Podillya. The most
important results of the research carried out in the theoretical and
scientificpractical aspects are the establishment of clear representations about th
nature of nontraditional hydrocarbon sources, the peculiarities of generation,
migration and accumulation in the sedimentary strata of \/\Blydillya, where
previously no such purposeful work was carried dilte peculiarities of the
geological structure othe Silurian and Cambrian strata of the study area, the
conditions of their formation, geological, geochemical, and other quantitative
factors for predicting the prospects of industrial gas bearing of Silurian shales anc
Cambrian compacted sandstones wetedied. The favorable geological and
industrial preconditions for the formation of hydrocarbons of Silurian shales and
Cambrian compacted sandstone deposits were scientifically substantiated.

Based on systematic analysis of known shale gas depositsferedif oil
and gas basins of the world, quantitative values of the main factors of formation
and prediction of industrial gas content of Silurian shales of \/Blydillya are
determined:

- basin ared more than 10 thousand Km

- depth of productive thicknessesiot more than 3! thousand m;

- thickness of shale depositsnore than 15 m;

- organic matter bearingmore than 13%;



- the stage of metamorphism (%)R 1.52.0%;

- thermal maturity of enriched organic matteMK »-AK »;

- porosityi more than 4%, permeabilitymore than 0,1 mD;

- sedimentation conditioreremainly low-energy and thalassic;

- age of rspectivahicknesse$ mainly Paleozoic;

- the presence of a fracture system;

- high silica bearing.

The established quantitative factors for the prediction of hydrocarbons and
their comparison with the weknown deposits of North America testify to the
high prospects of gas bearing of the blatiale Paleozoic strata of VohRodillya.
Among these, thgreatest prospects are associated with the {dhale deposits of
the Upper Silurian. They are a top priority for further exploration where gas was
generated at high level§his made it possible for the first time tefinitely
considerthe black-shale hickness of Silurian as thentirepotential gas deposit.

The developmemntonecovers an area of 320 km from northwest to southeast
with an area of about 16 thousand®h is confirmed by more than 30 wells and
belongs to the central part of the Lviv Batoicdeflectionand the nortkeastern
part of the Precarpathiateflection

Estimation of theprognosisgas resources of the blaskale deposits of
Volyn-Podillya was performed according to the methodology of the US Geological
Survey for the poorly expled territories and amouradoutl? trillions m® and the
recoverable resourcedout 1.8 trilliors m°.

According to the quantitative values of the main factors of thebgasing
prediction RaveRuskceKrekhivsk and Easkischinsk were selected as the
high-priority gas areas in the Silurian shale strata within the -Kolomyya
structural and facial zone with recoverable resources about 146 billibasd98
billions n.

For the frpntouring of prospective shale formations, a special complex of
regional deep seismic surveying 2D with the methods of electric exploration,

caused by polarization on profiles of a network of seismic profiles with a length of
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1.5 thousand running kilomete gravimagnetic and geochemical surveys, are
proposed.

Cambrian sealed sandstones can be considered as an independent and
accompanying direction of work in the development of hydrocarbon resources of
the Silurian shale due to their spreading aredruttiral plans mainly overlap.

There are several sandstone horizons stand out in the Cambrian section. Th
reservoir layers are shielded by clumps of clay rocks in the middle of the Cambrian
strata, and in its roof stratigraphically cut layers shielded Siyrian clay
sediments. Several facial areas are stand out:

- with satisfactory filtratiorcapacity prperties (average porosity> 10%,
permeability> 5 mD);

- with unsatisfactory filtratiorcapacity properties (average porosity-6%,
permeabilityi 0.5 mD);

- with critical values of filtratiorcapacity properties (average porosity
<7-9%, permeability 25 mD).

The prospects of gas bearing dietCambrian compacted sandstones are
related to the area of distribution of rocks with poor unsatisfactory
filtration-capacity properties. This zone is confined to the hydrochemical zone of
stagnant water exchange. The basic quantitative values of faétprediction of
gas bearing in compacted rocks are defined in the work:

- their area is regionally spreadéd more than 6000 kfand is not
associated with traditional structural or other local traps. It may also include areas
with improved reservoirs anzertain local traditional hydrocarbon traps;

- catagenetic transformation of organic matter and compacted sarglgone
at the stage MiAK 1 and is very characteristic for a formation of hydrocarbons;

- maximum depths of perspective compdctellectors do not exceed 4000
m and are economically and technologically acceptable for the use of moderr
technologies;

- the thicknesssof sandsilt deposits in the selected ar@@50 m or more

which is an important factor for the accumulation ofifigant gas resources;
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- the presence of a low watareawhich is a favorable factor for the
prospects of galsearingin compacted sandstones.

Based on the determined quantitative values of the factors of prediction of
gas accumulations in compacted sandstones it is proved that the most promisin
stratigraphic complex for gas search in VeRadillya is Cambrian deposit$he
prospects of theirndustrial gasearing capacity are related to the zone of
development of rocks with unsatisfactory filtratioapacity properties over an area
of more than 6000 kfn The prognosis recoverable gas resources of the area are
estimated around 340 billions’m

There is a selected higireority zone of 1250 kfrwithin the perspective
area of the gabearing compacted Cambrian sandstones. Its prognosis recoverable
gas resources is approximately 200 billion§ and its high prospects are also
confirmed by the intese gas seeps during drillingells of Cambrian sealed
collectors

Non-traditional sources are difficult to extract ariey are high-cost.
However the significant resources of hydrocarbons and the rapidly evolving
technologies make them quite attractivel @osteffective.

So far as all these unconventional sources are characterized by similal
mining and geological conditions of the occurrence and require modern and
practically identical technologies of discovery and extraction then the benefits of
prioritizing their development are first and foremost related to the quantity of the
prognosis recoverable resources. On this basis, black shale deposits of the Silurie
are more priority for development.

The practical significance of the results is to deternviogéy/n-Podillya as
one of the prspective areas of Ukraine fornontraditional sources of
hydrocarbons;

gasbearing of a new stratigraphic complexésthe Silurian shale and
Cambrian compacted deposits are justified, quantitative assessment of thei
prognosis gas resources and a significant increase in the raw material base ¢

hydrocarbon production in Ukraine;
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selected of perspective zones and primeas for a geological exploration
works.

The results of the dissertation research and implementation of the practica
recommendations will contribute to the effective solution of the problem of
complex development of all types of hydrocarbon sources o¥rvBbdillya,
which will be a significant contribution in increasing the production of
hydrocarbon raw materials in Ukraine.

Keywords: Volyn-Podillya black shale depositsjompacted sandstones,

shale gasgasresources.
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s OBIRS Bdzj ClssteMm! €' o kOMisdotfls’ ftc'

. . . Il " HCteg [ BO' d3dz0Q s OtsB 15 dz(
| wdahs sl ] StetsH O Utstso[fr]lsl G/3f?]3d3 ® I,
1 21492156 | D: o] o 6B & 0,70 273 0
2 g o) o oA 1,30 2,68 0
6 i o &) o b 1,80 0
7 i dptce’ dz' Is 0,90 2,74 0
8 i dt6G & ks 1,22 2,71 0
9 fi e’ dz' Is 0,50 2,73 0
3 21842189 dptce’ dz' Is 1,62 2,71 0
4 i dt6e & ks 1,87 2,72 0
10 i o) o6& 211 2,68 0
11 i o) o o 271 2,64 0
12 g o dzj o oA 1,65 275 0
13 i 0 dzj o G5z 1,91 2,74 0
14 | 225112256 0 dzj o G5z 2,21 2,70 0
15 i 0 dzj o G5z 1,82 2,72 0
16 A dt6e " & ks 1,49 2,74 0
17 i dptce’ dz' Is 1,67 2,73 0
18 2507 2506 S ]l Of dgv € 3,41 2,78 14
19 i dptce’ dz' Is 2,08 2,73 9
20 2507 2506 dptce’ dz' Is 3,41 2,72 24
21 i 66 & ks 4,15 2,73 21
22 i 66 & ks 2,19 2,72 1
23 i 066" & Is 1,73 2,74 5
24 g be & I 2,01 272 6
25 g be & I 2.26 271 41
26 i e’ dz' Is 3,01 2,73 12
27 | 25502554 066 & Is 1,72 7
28 g be & b 2,08 9
29 g Ve & I 1,43 2.76 2
30 i 1 Of d&" ¢ 1,18 15
31 A 1 Of d&" ¢ 0,65 275 2
32 2650 2656 dptce "’ dz' Is 3,42 2,72 7
33 fi ¢ cedz' Is 2,99 2,73 12
34 i 066 & I 2,50 2,74 5
35 2707 2705 dptce "’ dz' Is 0,66 2,75 0
36 A b e & ks 1,10 277 3
37 A be & ks 1,67 274 2
5 27502755 066 & Is 2,13 2,75 1
38 2750 2755 dptoe’ dz' Is 1,21 2,72 6
39 g be & ks 0.47 274 1
20 A 0 16 ¢ stz 1,02 278 1
21 A b e & 0,98 275 1
42 A be & ks 1,72 275 3
4 3 2800 2804 dptce "’ dz' Is 1,05 2,79 2
44 i 0166 & Is 1,47 3
45 f dptce "’ dz' Is 0,32 2,78 2
46 f dptoe dz' Is 2,01 2,73 12
47 g Ve & 1,03 2,74 2
48 f dptoe dz' Is 1,36 2,73 12
49 i 0z o s dr 1,27 2,75 11
50 | 29002905 0166 & Is 0,51 2,75 2
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] otsHts9 Y j dzdzy 3ls @

51 A dtec' & Is 0,89 2,75 3
52 A 1 Of dzv ¢ 0,76 2,76 5
53J| 29502955 1 Of dzv ¢ 1,02 2,76 2
5 4 A 1 Of dzv ¢ 1,33 2,76 2
55 2998 3003 ] Of dzv ¢ 1,11 2,77 7
56 A ] Of dzv ¢ 1,55 2,75 7
57 3050 3056 dee ' & Is 2,07 2,76 10
5 8 A dee ' & Is 0,77 2,76 6
509 3402 3406 dtee' & Is 0,33 2,72 5
60 A dtec’ & Is, 1,57 2,73 4
6 1 A b d Is 1,02 2,72 13
6 2 A dee ' & Is 0,37 2,71 8
6 3 A dee ' & Is 0,21 2,72 7
6 4 A b d Is 1,41 2,70 5
65 A dee ' & Is 0,92 2,73 7
6 6 345Q 3454 dee ' & Is 0,76 2,73 8
6 7 A dtee’ & Is, 0,63 2,71 13
6 8 A pec ' & Is 1,32 2,71 12
69 3500 3504 dee ' & Is 1,17 2,72 14
70 A dee ' & Is 0,66 2,72 7
71 A dee ' & Is 0,83 2,73 4
72 35513556 | O dee ' & Is 1,43 2,70 10
73 A dee ' & Is 0,50 2,72 10
7 4 A b d Is 1,04 2,75 6
75 3600 3603 bt dz Is 0,59 2,73 8
76 3600 3603 [jeej & 0,48 2,70 10
77 A [jteej & 0,32 2,74 8
7 8 3654 3662 ] Of dgv ¢ 0,26 2,74 41
79 A 10q dz ¢ 0,53 2,73 12
80 A ] Of dgv ¢ 0,84 2,74 13
8 1 3700 3704 ] Off dgv ¢ 1,19 2,74 15
8 2 A ] Off dgv ¢ 0,33 2,74 22
8 3 A ] Of dgv ¢ 0,57 2,81 14
8 4 37503753 | | O dzj o s dz' 0,46 2,82 0
85 A O dzj o sz’ 0,50 2,82 0
8 6 3800 3803 O dzj o sz’ 0,92 2,76 0
8 7 A O dzj o sz’ 0,63 2,77 0
8 8 A O dzj o sz’ 0,66 2,78 0
89 3845 3850 1 MCsods 1,21 2,63 0
90 A 1 MCsods 1,35 2,65 0
91 A 1 MCsods 0,33 2,65 0




163

fstedfm
" d dzfy

.
j wg
WWBME
< oh |
© BN
Z o ]
. Owo ;
.am ,m l% w
-9 | &
S l//// 80 ]
%%WW .m) EE L S EREEESE
A/MMM//////////// OF @ EFRARRELEEE SHERREEGCE SRETRES
222222222 o
221E1w1£11£ g

m
m

56 tc Od3d mBLUBH‘w‘a G4 W' L dydzed



164
v OBABf jJLEZdz sOIsd 7' i3 Y d g zBPdfpdz’ L &z ff tots

" ft SO, | 9 803 | FeO |[FeOs| 65i20] [ n ]| {205 | &4 ©Of] MgO

39 w| 55,85 17,14 3,16 4,26 0,69 0,13 0,21 3,64 2,42
41 w| 42,15 | 13,98 5,75 0,88 0,63 0,21 0,09 11,06 3,75
55/ w| 47,83 | 16,80 2,99 4,18 0,57 0,09 0,20 6,94 3,40
61 w/| 48,81 15,23 2,13 4,17 0,50 0,04 0,12 7,17 3,86
69f w/| 50,80 | 14,25 1,53 3,20 0,55 0,04 0,16 9,42 1,92
- g s20 NewO | SO; mi Sgip| 1 f 1 | #2d3( COrcow| 1 20 Hsta.
39 w| 3,53 1,05 0,11 0,73 6,56 99,58 0,37
41 w 2,16 0,72 <0,1 0,58 17,77 99,51 13,2 0,20 2,27
55/ w| 3,95 0,77 0,05 0,57 11,01 99,57 0,44
61 w| 3,98 0,97 0,21 1,16 | 11,55 | 99,56 0,10
69 w| 4,37 1,16 0,18 0,86 | 11,92 | 99,85 0,20
5 OBAZ4A | B M & CtesC s sdaj dzls( fgs . 2 | fmy fizizis
29].
] ©fsB I O] Be As U J Hg [ S]c t Sh Ge o u Pt
102 104 102 102 102 10* 101 108 10% 10% 108
39 w 3 <5 <10 <1 <3 1 0,6 <3 <1 <2 <1
41 w 4 <5 <10 <1 <3 0,6 <0,5 <3 <1 <2 <1
42-[ w 3 <5 <10 <1 <3 1 0,6 <3 <1 <2 <1
43 w 3 <5 <10 <1 <3 0,8 0,6 <3 <1 <2 <1
44 w 3 <5 <10 <1 <3 0,6 0,5 <3 <1 <2 <1
8 G v 0 U w t? U Th Ul [n W Ga Nb Ni
VBBBgs 102 [107 [10° | 102 |10Z |10° |10 |10° [10° |10° |10°
39 w|6 <1 <0,5 |2 <3 <1 2 4 <5 2 1 4
41 w | 6 <1 <0,5 2 <3 <1 1,5 5 <5 2 1 3
42 w | 8 <1 <0,5 |2 <3 <1 2 3 <5 2 15 3
43 w | 6 <1 <0,5 |2 <3 <1 2 3 <5 2 15 3
44 w | 6 <1 <0,5 2 <3 <1l 2 2 <5 2 <1 4
| s 1 g J La Y Yb Hf Mts Sn \% Li Cd g u
103 107 103 103 104 107 104 104 103 103 103 103
39 w| 0,1 <2 <5 1 1 <1 1 3 10 4 <1 3
41 w| 0,1 <2 <5 1 1 <1 1 2 8 3 <1 2
42-[ w| 0,1 <2 <5 1 1 <1 5 3 8 4 <1 3
43 w| 0,1 <2 <5 1 15 <1 6 3 10 4 <1 3
44 w| 0,1 <2 <5 1 1 <1 5 2 20 4 <1 3
| s Ag Zn NO Sr Co ZgG Si ol Mg g 0O Fe In
10% 103 % 10? 103 103 % % % % % 103
39 w| <0,1 6 0,8 <3 3 10 15 B 0,8 4 4 <1
41 w| <0,1 4 0,6 <3 2 8 10 5 1 6 4 <1
42 w| <0,1 6 0,8 <3 2 10 20 5 1 5 4 <1
43 w| 0,1 6 0,8 <3 2 10 15 5 1 6 4 <1
44 w| 04 6 1 <3 2 10 15 5 1 6 4 <1
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U OB3E) d3' Mis BSeOdz’ ydes' . toj ysoadded (v fw),
- ) BOL <1204 120 30 300 390 390 550 TOC
5 [ 0,28881 0,19014 0,05382 0,92777 1,46054
6 [ B2 0,20336 0,13184 0,05726 1,00482 1,39728
7 [ 87 0,21568 0,18434 0,05857 0,94518 1,40377
8 [ B8 0,13659 0,13870 0,05387 0,96215 1,29131
9 [ B9 0,10508 0,11356 0,03955 0,80939 0,96250
10 [ 40 0,20553 0,13757 0,03446 0,73568 0,90771
11 [ 0,18909 0,11004 0,02887 0,61808 0,75699
12 [ a2 0,28400 0,14877 0,04309 0,77413 0,96599
13 [ a3 0,28144 0,15914 0,05194 1,04027 1,53279
14 [ a4 0,04782 0,11693 0,05402 0,79788 0,96883
15 [ a7 0,25155 0,15393 0,05692 0,97901 1,44141
16 [ sl 0,16257 0,21515 0,08910 0,84177 1,30859
17 [ 56 0,14583 0,19320 0,05483 0,71788 1,11174
18 [ 58 0,29428 0,19494 0,05351 0,84413 1,38686
19 [ 5 0,06476 0,15209 0,14429 0,9513 1,31244
20 [ 66 0,16723 0,15545 0,05838 0,86958 1,25064
21 [ 40 0,02789 0,10137 0,05636 0,82978 1,01540
x~
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v
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