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The paper analyzes the structure of Upper Devonian reef strata within Moroshkinsky, Ust-Tsilemsky and Severo-Tebuksky
reference sites located in the territory of the Komi Republic and Nenets Autonomous Okrug. Based on the re-interpretation of the
materials of geophysical well logging involving lithologic description of core and results of its laboratory studies, a detailed analysis
of the structure of Domanic-Famenian part of the profile has been made, and a correlation pattern for deep well profiles has been
drawn. As a result of well log correlation, some of the stratigraphic boundaries have been updated, the scope of lithologic and
stratigraphic subdivisions has been determined, reference bands with good visibility on geophysical diagrams and easily traceable
carbonate formations known to geologists as F,, F», F3, F4, Fs, as well as inter-formation bands, have been specified.

The paper contains the results of a geochemical study of the Upper Devonian reef deposits of the wells drilled in the
territory of Moroshkinsky, Ust-Tsilemsky and Severo-Tebuksky sites. It presents content distribution of organic carbon,
chloroform and alcohol-benzol extracted bitumoids in the rocks of certain well horizons, and describes oil generation
potential of the rocks on the basis of pyrolytic data.

Based on the comprehensive analysis of the results of laboratory core analysis and materials of production log tests, reservoir quality
discrimination has been performed, an evaluation of their quantitative parameters and fluid content has been made. Porosity factor
has been selected as the criterion for evaluation of reservoir properties of the rocks. Determination of porosity by neutron gamma-
ray logging has been performed following the method of two guide formations using the dependencies developed by JSC
KamNIIKIGS. For evaluation of quantitative parameters of carbonate reservoirs, the results of standard core analysis were used:
effective porosity, absolute permeability to gas, and volumetric density. The results of the research can be used during prospecting
and exploration in the territory of the three reference sites of interest.

PaccMOTpeHbI BOIIPOCHI CTPOCHHSI BEPXHEIEBOHCKOH prdoreHHoOH Tomim B mpezenax MoporkuHckoro, Yerb-Ilunemckoro n
CeBepo-TH0YKCKOro 3TAJIOHHBIX YYacTKOB, PacIONIOKEHHBIX Ha Tepputopun PecrryOmiku Komm m Henenkoro aBTOHOMHOTO
okpyra. Ha OCHOBe IeperHTepHpeTaLii MATEPUAIIOB re0(hU3NUECKUX HCCICJOBAHMI CKBAYKUH C IPHUBIICICHUEM JINTOJIOTTYECKOTO
OIHMCaHUs KePHA U PEe3yJIbTAaTOB €ro J1abOpaTOPHBIX MCCIICIOBAHHIT MPOBECHA ACTAIM3ALMS CTPOCHHUS JOMAaHUKOBO-(haMeHCKOH
YacTH paspes3a, IpPHBEICHA CXeMa KOPPEeIIMHM pPa3pe3oB IIyOOKMX CKBaXHH. B pe3yinbTare KOppe/BIHH  Pa3pe3oB
OTKOPPEKTHPOBAHbI HEKOTOPBIE CTPATHI PaUUECKUE TPAHUIIBI, OHPE/IEICH 00BEM JIMTONOr0-CTPATHI PAPUIECKUX TTOAPA3ICIICHHI,
BBI/JICJICHBI PENEPHBIE MAUuKH, XOPOLIO 0TOOpakaeMble Ha reo(H3MUecKX AHarpaMMax, 1 poC/IeKuBaeMble KapOOHATHBIC IUIACTbI,
HU3BECTHBIE reosioram Kak @y, @,, @3, @4, Ds, a TaKKe MESKILUIACTOBBIE TTAYKH.

B naHHON paboTe NPUBEACHBI PE3yNbTAaThl TEOXUMUUYECKHX HCCIIEOBAHHII BEPXHEICBOHCKHX PH(OrEHHBIX OTIOKECHHIt
CKB&)XHH, NpOOYypeHHBIX Ha TeppuTopuu MopomkuHekoro, Ycrb-Ilumemckoro u  CeBepo-T30yKCKOro y4acTKOB.
IpencTaBieHoO pacHpefeneHHe COACPYKAHHS OPraHWYECKOro yriepona, XJOpPO(OPMEHHOTO W CIHPTOOCH30IBHOTO
OUTYMOH/IOB B TOPOJAX OTACIBHBIX TOPU30HTOB CKB)XHH, a TAKXKE OXaPAaKTCPH30BaH HE(TEreHEpalOHHBI MOTCHINAT
MOPOJ 110 MUPOITUTHYECKUM JaHHBIM.

Ha oOcHOBaHMM KOMIUIGKCHOTO aHAaIn3a pe3ysbTaToB JabOpaTOpHO-aHAIMTHYECKHX HCCICNOBAHMH KEpHA M MAaTepHajoB
MIPOMBICITOBO-TCO(U3MICCKUX HCCIICOBAHMIT BBINOJIHEHO BbIIEICHHE KOJUICKTOPOB, MPOBEICHA OLCHKA HX KOIMYECTBEHHBIX
rapamMeTpoB M XapakTepa HAChILEHHOCTH. Kpurepuem Ui OLEHKH KOJUICKTOPCKHX CBOMCTB IIOPOJ BBIOpaH KOA(GHIHEHT
noprctocTd. Omnpe/ienieHne MOPUCTOCTH M0 HEHTPOHHOMY IaMMa-KapoTaXKy IPOBEACHO CIIOCOOOM JBYX OINOPHBIX IUIACTOB C
npumenenreM 3aBucumocteit AO «KamMHUMKUI'Cy». [{n1st OleHKN KOJNMYECTBEHHBIX IApaMETPOB KapOOHATHBIX KOJUIEKTOPOB
HCIIOJIB30BaHbl PE3yNbTaThl CTAHAAPTHBIX HCCIECOBAHHWI KEpHA: OTKPBITAas IOPUCTOCTh, a0COMIOTHAS Ta30NPOHHIIAEMOCTD,
0o0BEMHAs ITUIOTHOCTh. Pe3yibTaThl NMPOBEICHHBIX HCCIEIOBAHWA MOTYT OBITH HCIIOJNB30BAHBI HPH IPOBEICHHH MOHCKOBO-
Pa3BeIOYHBIX PAabOT HA TEPPUTOPHH TPEX PACCMOTPEHHBIX STAIOHHBIX YYaCTKOB.

Nikolay E. Sosnin (AuthorID in Scopus: 55750130100) — PhD in Geology and Mineralogy, Head of the Department of the Volga-Urals Oil and Gas Potential
(tel.: +007 963 012 15 52, e-mail: kamniikigs@rusgeology.ru).

Tatyana A. Kazakova — Lead Engineer (tel.: +007 912 593 02 32, e-mail: tkazakova 1946@mail.ru).

Svetlana G. Filipyeva — Deputy Head of the Department of the Volga-Urals Oil and Gas Potential (tel.: +007 902 800 07 23, e-mail: sgfq@mail.ru). The contact person for

correspondence.

Daria I. Vasyanina — Senior Researcher (tel.: +007 922 64 75 215, e-mail: geochim@niikigs.ru).
Iraida S. Batova — Researcher (tel.: +007 912 789 11 06, e-mail: batovaira@yandex.ru).

Cocunn Hukoaaii EBreHbeBHY — KaHIHMAQT IeONOr0O-MHHEPAJOTHYECKMX HAyK, HAYaJbHHK OT/ena HedrerazoHocHocTH Bonro-Ypama (tem: +007 963 012 15 52,

e-mail: kamniikigs@rusgeology.ru).

Ka3akoBa TaTbsiHa AjleKcaHIPOBHA — Beaylmii HiokeHep (tei.: +007 912 593 02 32, e-mail: tkazakova 1946@mail.ru).

OuannbeBa CBersiaHa 'eHHaJbeBHA — 3aMECTHTENb HaYalbHHKA OTAeNa HedrerasoHocHoctTH Bomro-Ypama (Ten.:

KoHTakTHOE IO UL HePErUCKHU.

+007 902 800 07 23, e-mail: sgfq@mail.ru).

Bacsinnna Japbs MibnHHYHA — CTapIIMii HaydHBIH cOTpyaHHK (Tem.: +007 922 64 75 215, e-mail: geochim@niikigs.ru).
BartoBa Upanna CepanuoHoBHA — Hay4dHbIil coTpyquuk (Ten.: +007 912 789 11 06, e-mail: batovaira@yandex.ru).

Bectauk ITHUITY. 'eonorus. Hedreraszosoe u roproe nemno. 2019. T.19, Ned. C.304-321. DOI: 10.15593/2224-9923/2019.4.1



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.4. P.304-321 305

Introduction

The paper presents the results of a detailed
structural analysis of the Domanic-Famenian part of
the geological profile in the territory of
Moroshkinsky, Ust-Tsilemsky and Severo-Tebuksky
reference sites. The study is based on the conducted
laboratory core analysis, as well as analysis,
generalization and partial re-interpretation of
available geological and geophysical information
concerning the Upper Devonian reef strata.

The region under research is located in the north
of the Timan-Pechora oil and gas bearing province,
in the territory of Nenets Autonomous Okrug and the
Komi Republic (fig. 1). Tectonically the
Moroshkinsky site is situated in Denisovskaya
depression, Ust-Tsilemsky site is in Izhma-
Pechorskaya depression at the junction of
Izhemskaya and Yersinskaya terrace. Severo-

Tebuksky site is located in Izhma-Pechorskaya
depression in the territory of the Timan Ridge,
Neritskaya terrace and Omra-Lyzhskaya saddle.

Well Log Correlation

The Upper Devonian reef strata in Timan-
Pechora province is a promising oil prospecting area,
which is justified by actual results of earlier
prospecting and exploration work. In the immediate
vicinity of the sites of interest are hydrocarbon
reservoirs where commercial fields are in part
associated with the Upper Devonian deposits. In
particular, Moroshkinsky site neighbors with
Komandirshorskoye, Severo-Komandirshorskoye,
Kharyaginskoye and Srednekharyaginskoye fields,
Ust-Tsilemsky site — with Nizevoye and Yuzhno-
Nizevoye fields, Severo-Tebuksky site — with

Zapadno-Tebukskoye field.
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Fig. 1. Location of reference sites on an overview map
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The sedimentary profile under research belongs
to the Domanic-Tournaisian carbonate oil and gas
play, in most of its wells encompassing the profile
from the Domanic horizon of the Middle Frasnian
substage to the Numylg horizon of the Upper
Famenian substage inclusive [1, 2]. Some of the
wells also have Tournaisian stage deposits. In the
territories of Moroshkinsky, Ust-Tsilemsky and
Severo-Tebuksky sites, the predominantly carbonate
Domanic-Famenian stratum is virtually omnipresent.
The deposits are vastly variable in terms of
stratigraphic completeness of the profile, lithologic
composition and thickness.

In order to produce a more exhaustive development
concept of the Upper Devonian deposits and to perform
a high quality well correlation, the strata survey
included additional information concerning the 22 wells
located in the vicinity of site boundaries. The profile
has been examined on the basis of the principle of
correlation between the strata with diverse facies
developed by J.L. Wilson [3] and proposed for Timan-
Pechora province by M.M. Grachevsky [4] taking into
account the results of research by B.P. Bogdanov [5, 6],
L.A. Gobanov [7], L.V. Parmuzina [8], A.V. Solomatin
[9], V.S. Tsyganko, P.A. Beznosov [10], V.VI. Menner
[11], E.L. Petrenko [12, 13], Z.P. Yuryeva [14, 15],
A.V. Durkina [16].

As a result of the conducted well log correlation,
some of the stratigraphic boundaries have been
updated, the scope of lithologic and stratigraphic
subdivisions has been determined. The research has
specified reference bands with a good visibility on
geophysical diagrams and easily traceable carbonate
formations identified as F1, F2, F3, F4, F5, as well as
inter-formation bands. Fig. 2 shows the correlation
pattern for profiles of wells drilled in the territory of
Ust-Tsilemsky site.

For correlation patterns, reference to facial zones
was based on [17] and studies performed in LLC TP
NIC [18].

Ust-Tsilemsky Site

In Moroshkinsky site, the oil and gas play is
represented by the Domanic horizon of the Middle
Frasnian substage, Vetlasian, Sirachoy, Evlanov and
Liven horizons of the Middle Frasnian substage, the
Lower and Middle Famenian substages and the
undivided Upper Famenian deposits of the Zelenets-
Numylg age. The play has been fully uncovered by

drilling in the site with two wells: No. 2 and
No. 3 Severo-Komandirshorskaya. Its thickness
ranges insignificantly and amounts to 934 and 936 m
respectively. Well profiles in the interval under study
can be quite successfully correlated on diagrams
obtained by geophysical well logging. The
Volgograd horizon of the Lower Famenian substage
can be easily distinguished in the nuclear logging and
apparent resistivity (AR) diagrams, with a clearly
discernible clayey band in its top. Another
discernible band is that of the terrigenous rocks
comprising the Vetlasian horizon, along with the
clayey carbonate bands in deposits of the Yelets and
Zelenets-Numulg horizons. In the profile of
No.2 Severo-Komandirshorskaya well, Timan age of
deposits has been confirmed by occasional
brachiopod findings in the interval from 4252.1 to
4257.1 m and the Sargayev horizon bottom has been
updated. Absence of faunistic age data prevents from
specifying the stratigraphic nature of the clayey band
with identical geophysical properties found in the
profiles of No.2 Severo- Komandirshorskaya well in
the interval of 3273 to 3286 m, of No. 31
Moroshkinskaya well in the interval of 3198 to
3212 m and of No. 144 Srednekharyaginskaya well
in the interval of 2813 to 2825 m. The band has been
tentatively qualified as Tournaisian.

The strata under research can be distinguished by
three facial types of deposits. Formations of the
Domanic horizon have emerged in the development
zone of reef systems of condensed (Domanicoid)
deposits and filling strata. The terrigenous deposits of
the Vetlasian horizon are represented by sediments of
filling strata in relatively deep-water Domanicoid
(condensed) facies. The Evlanov-Numylg interval of
the profile is represented by shallow marine shelf
deposits. In Evlanov, Liven and Volgograd horizons,
terrigenous rocks prevail, whereas Zadonian, Yelets,
Ust-Pechora and Zelenets-Numylg horizons are
mostly carbonate.

In Ust-Tsilemsky site, the play of interest is
represented by the Middle and Upper substage of
the Frasnian stage and the Lower Famenian
substage. Deposits of the Domanic horizons are
well-developed throughout the entire area and
correspond to the two lithofacial zones: shallow
marine shelf carbonate formation zone (No. 1 Ust-
Tsilemskaya well and No. 40 Khabarikhinskaya
well) and development zone of reef systems of
condensed (Domanicoid) deposits and filling strata
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(region of No.1-5 wells of Nizevaya area, No. 1
well of Brykalanskaya area and No. 1 of
Dvoinikovaya area). Stratigraphically the most
complete profiles (with the presence of Frasnian
stage and Lower Famenian substage) are observed
in the east of the site’s territory adjacent to
Kipievskaya terrace. A significant thickness
reduction of the play in well profiles of the western
part of the site due to its stratigraphic
incompleteness is typical of shallow marine shelf

No. 40 Khabarikhinskaya well

deposits. The profile gradually loses first its
Zadonian horizon (No. 5 Nizevaya well), and next
the entire Lower Famenian substage (No. 1 Ust-
Tsilemskaya well and No. 40 Khabarikhinskaya
well). In well profiles of the Nizevaya area, the
Famenian stage is represented by low-thickness
Zadonian horizon of the Lower Famenian substage.
In profiles of wells drilled in the western part of
the site (No. 1 Ust-Tsilemskaya well and No. 40
Khabarikhinskaya well), the Lower Famenian deposits
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are completely absent. Thickness of the play ranges from
224 m (No. 1 Ust-Tsilemskaya well) to 476 m (No. 1
Dvoinikovaya well). In the Domanic horizon profile,
carbonate rocks prevail. In the bottom of the horizon, a
band can be discerned (along the core of No. 1
Sosyanskaya well), made up of limestone: darkish gray,
close-grained, sparsely clayey, dolomitized, pyritized,
recrystallized, dense, strong, expressed in high values on
curves obtained by neutron gamma-ray logging (NGRL)
and AR, marked with color on the correlation pattern.
The overlying profile is distinguished by prevalence of
terrigenous rocks. The Vetlasian clayey band can also be
clearly traced and outstands in the profile due to its high
gamma-ray logging and induced potential logging
values, low neutron gamma-ray logging and AR values.
In the top of Sirachoy horizon, a 3-4 m thick sandy-
aleurolite band is distinguished.

In Severo-Tebuksky site in profiles of No. 93
Kabantyskaya well, No. 80 Kykaelskaya well and
No. 52 Vanyuskaya well, the Domanic-Famenian
interval is represented by the Domanic horizon of the
Middle Frasnian substage, Vetlasian and Sirachoy,
undivided Evlanov and Liven horizons, Upper Frasnian
substage, Lower and Middle substages of the Famenian
stage. The Lower Famenian substage is represented by
the Volgograd, Zadonian and Yelets horizons, the
Middle Famenian substage — by Ust-Pechora horizon. In
profiles of No. 10 Timanskaya well, No.1 Porozhskaya
well and No. 1 Ayuvinskaya Pechora-Petroleum well,
the Famenian formations are only represented by the
deposits of the Lower substage. Thickness of the play
ranges from 506 m (No. 1 Porozhskaya well) to 763 m
(No. 93 Kabantyskaya well).

In terms of geophysical likeness, typical
configuration of well logging curves, and stratigraphic
completeness, taking into account the facial analysis,
three types of profile have been distinguished in the
strata under study. Deposits of Domanic, Vetlasian
ages, and also of Sirachoy and Evlanov ages in No. 93
Kabantyskaya and No. 52 Vanuyskaya wells, have
formed in the zone of condensed (Domanicoid) deposits
and clayey-carbonate filling strata. Profile of No. 10
Timanskaya well is typical for deposits formed in the
carbonate formation of shallow marine shelf. The same
type of profile was determined in the Sirachoy-Yelets
terrigenous-carbonate strata in No. 1 Porozhskaya and
No. 1 Ayuvinskaya Pechora-Petrolium wells, and also
in the Liven-Ust-Pechora interval in No. 80
Kykaelskaya and No. 52 Vanyunskaya wells and in the
strata overlaying the reef formations in No. 93

Kabantyskaya well. The development zone of reef
systems, condensed (Domanicoid) deposits and filling
strata is represented by reef rocks of the Liven horizon
in the profile of No. 93 Kabantyskaya well.

Geochemical Survey

This paper provides the results of geochemical
survey of Upper Devonian reef deposits in wells drilled
in the territory of Moroshkinsky, Ust-Tsilemsky and
Severo-Tebuksky sites. A summary geochemical
description of the profiles of interest is presented in the
table. The basis core analysis has been performed using
the methods of luminescent bituminology, including
determination of the content of organic carbon (Coy) in
the rocks, and rock pyrolysis using Rock Eval method.
The bitumoid molecular structure was studied using
the method of IR spectroscopy [19], fractional compo-
sition — using thin layer chromatography [20]. The
composition of biomarker carbohydrates (n-alkanes,
isoprenoids) has been determined using the method of
gas-liquid chromatography [21]. The organic matter has
been also examined microscopically in slices after the
method by E.S. Larskaya [22]. Literature [23—31] was
used to assist interpretation of the geochemical survey.

Cor content in rocks (by median values) gradually
decreases up the stratigraphy from Domanic deposits
(0.86 %) to 0.07 % in the Zadonian horizon and 0.22 %
in the Yelets horizon (fig. 3). Content of oil sequence
hydrocarbons in rocks (pyrolytic parameter S)) is
measured unidirectionally: from 0.6 mg/g of rock
(median value for Domanic deposits) to 0.07-0.08 mg/g
in Zadonian and Yelets horizon rocks.

Oil source rocks represented by clayey limestone
and inter-reef facies dolomites have been
encountered mostly in the Domanic, Sirachoy,
Evlanov and Liven horizons of Frasnian stage. 44 %
of the studied samples belong to this type of rocks.

Value S, descriptive of the remaining oil
generation potential of rocks is high in Domanic
deposits (S, median values — 6.9 mg/g). In undivided
Domanic-Vetlasian deposits, S, goes down to the
median value of 1.4 mg/g of rock and until Yelets
horizon does not exceed 0.3 mg/g per rock.

The omnipresent migratory bitumoid can be
identified micropetrographically by location in
microfractures  and  intergranular  space.  The
concentration of chloroform extracted bitumoid (Bgy),
based on the data of luminescent bituminological
analysis, varies from trace quantities (0.0001 %) to high
values (3.75 %).
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Rock geochemistry
Corga % Bchla % Sls mg/g S29 mg/g
per rock per rock rock rock T Catagenesis
Geological time Lithology minimum ;“é"’ gradation
maximum range
median
Limestones. marls 0.02 0.0009 0.04 0.11
D;3dm dolomites a}gilli te,s 9.4 2.5 6.30 76.56 414-451 PC;-MC,
i 1.26 0.09 0.60 6.92
. . 0.86 0.0009 0.10 0.47
Dsdmvt Arg‘“‘tesd’ ?leu“’htes’ 0.86 0.01 0.11 227 438-440 MC,
sandstones 0.86 0.006 0.11 1.37
0.23 0.0002 0.06 0.28
Dssre+vt Argillites, dolomites 0.72 0.02 0.14 0.38 438 MC,
0.48 0.0019 0.10 0.33
. 0.02 0.0002 0.08 0.11
Dssre lees“én‘fs’ S.atnds“’nes’ 0.6 0.12 0.25 4.07 421436 | PC;MC,
olomites 0.19 0.001 0.09 0.22
Aleurolites, argillites 0.09 0.0001 0.00 0.00
Dsev limestones suffate clay ;ock 0.25 0.0025 0.03 0.13 437490 | MC,-MC,
’ 0.17 0.0006 0.02 0.07
Limestones, dolomites, 0.03 0.0000 0.04 0.07
Dsevtlv aleurolites, sandstones, 0.86 0.08 0.81 17.83 435 MC,
marls 0.24 0.0006 0.10 0.23
0.04 0.0001 0.07 0.20
Limestones 0.10 0.08 0.09 0.22 441-446 MC,
0.07 0.01 0.08 0.21
0.13 0.00 0.04 0.13
Djel Limestones, dolomites 0.31 0.24 1.35 1.59 407443 PC;-MC,
0.22 0.0009 0.07 0.25

Note: C,,— organic carbon content; By, — chloroform extracted bitumoid content; Sy, S, Tiyax — pyrolytic parameters.

Geochemistry of the Upper Devonian reef
deposits is further detailed below to help evaluate
their prospects and hydrocarbon potential.

Domanic horizon rocks are represented by
limestones in No. 1 and No. 4 wells of Nizevaya area,
in No. 1 Sosyanskaya well, No. 1 Ust-Tsilemskaya well
of Ust-Tsilemsky site, by marls in No. 2 Severo-
Komandirshorskaya well of Moroshkinsky site, by
alternation of terrigenous and carbonate rocks in No. 1
Dvoinikovaya well and No. 10 Timanskaya well
of Severo-Tebuksky site.

Syngenetic organic matter is observed in slices as
clots and microveinlets of colloform sapropel organic
matter and carbon-bearing detritus. Microfractures
and intergranular space contain adhesions of
bituminous matter. C,,, content widely ranges: from
0.02 to 9.4 %, C,, median value is 1.3 %.

The highest C,,, concentrations (3—9 %) are found
in marls of No. 10 Timanskaya well which possesses a
rich generation potential (27.4 to 76.6 mg/g rock) that
didn’t have the time to fully realize as the rock maturity
corresponds to protocatagenesis stage (PC;). The same
area exhibits high content of bituminous matter

(B ranges from 15 to 27 %) caused by both syngenetic
resinous-asphaltenic bitumoids of the early generation
stage and migratory (allochtonous) components.
Pyrolytic data suggests that Domanic deposits of No. 10
Timanskaya well in the territory of Severo-Tebuksky
site contain a hydrocarbon accumulation zone
(81 — 1.9-6.3 mg/g rock).

In other wells, Domanic horizon rocks are less
bituminous: By, content is maximum 0.156 %, S| — less
than 0.5 mg/g rock. The remaining potential corres-
ponds to the “satisfactory” category (S, =2.2-3.5 mg/g)
in certain interbeds of No. 1 Dvoinikovaya well
(2363.4-2367.2 m) and No. 1 Sosyanskaya well
(2257.4 m) of Ust-Tsilemsky site, and in other cases —
to the “poor” category (does not exceed 0.6 mg/g rock).

In undivided Domanic-Vetlasian deposits
represented by terrigenous rocks in No. 4 Nizevaya
well of Ust-Tsilemsky site, the content of Co,
amounts to 0.86—1.3 %, bitumoids are oxidized,
B.n concentration does not exceed 0.01 %,
the concentration of alcohol-benzol extracted
bitumoids (B,,) does not exceed 0.06 %. In terms
of molecular structure, the bitumoid appears to
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be syngenetic, formed in the initial phase of
hydrocarbon generation.

Vetlasian horizon rocks have been studied in
No. 10 Timan area well of Severo-Tebuksky site.
Corg content amounts to 0.57 %, Bay — 0.0019 %,
B.s — 0.005 %. The bitumoid is lightly oily and
oxidized. Pyrolytic data suggests that rocks are poor
in terms of generation potential and catagenetically
immature (S, — 0.73 mg/g rock PCs3).

Sirachoy horizon rocks have relatively low
Corg concentration, ranging from 0.02-0.19 % in
the wells of Srednekharyaginskaya and Severo-
Komandirshorskaya area of Moroshkinsky site to
0.37-0.65 % in the wells of Ust-Tsilemsky site and

Brykalanskaya area of Ust-Tsilemsky site.
Bituminous content in the rocks is also low: median
content of By is 0.0012 %, B,y — 0.005 %. Increasing
bituminous matter content (up to 0.118 % B.y;) found
in rocks of No. 1 Brykalanskaya well of Ust-
Tsilemsky site is due to a contribution of the
migratory constituent: B, comprises up to 70 %
hydrocarbons. Pyrolysis results suggest that the
content of oil sequence hydrocarbons (S;) does not
exceed 0.3 mg/g rock; content of pyrolytic
hydrocarbons (S;) at the level of 2—4 mg/g rock
at Thax = 435 °C (MC)) substantiates satisfactory
generation potential of the organic matter entering
the main oil generation zone.

3,0 2,0
1.8
2,5 1.6
20 1.4 T
12
L5 1,0 —
0,8 > —
10 . 06 : —
—x—
= |
05 x T 0,4 |
= — L T o= == -
x = =
0,0 — 0,0 X J— X -
Ddm+vt D,sretvt D.ev D.zd+D,vg D.el D,dm+vt D,sretvt D.ev D,zd+D,vg D.el
Dsdm Dvt Dysrc Deevilv D.zd D,dm Dyt Dsre Devtlv D.zd
Corg %0 S, mg/g rock
0,167 6,0
0,14 T
L 50
0,12 -
4,0
0,10 :
0,08 3,0 I
0,06 —
’ X 2,0
0,04
1 : 1o :
0,02 1 ’ —x— .
: : — =
0,00 EH«—&:&.L_K__X_ﬁ.éth—#, 0,0 . == * *
D,dm D.vt Disre Diev D,vg Dizd Deel Dup Cs D, dm+vt Dysre+vt Dev D.zd+D,vg Deel
D,dm+vt Dssretvt Devtlv  Dzd+Dyvg D.nm+D,zl D,dm vt sre Devtly D.zd
By % S,, mg/g rock
0,16 o 80
0,14 70
0,12 v 60
0,10 50
40
30
20l . ==
X
10 X /\’
0 — X
D,dm Dt Dsrc Diev D,vg Dzd Dl Dup Cs Ddm  Didm#vt Dstetvt  Dsre  Dievilv  Dzd+Dwg — Dizd Diel
D.dm+vt Dsretvt D.evtlv  D.zd+Divg D.nm+D.zl
%
By % P

Fig. 3. Concentration distribution diagrams for C,, and bitumoids,
pyrolytic indicators, bituminosity factor (B)
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Bituminosity of the rocks from No. 2 Severo-
Komandirshorskaya well and No.144 Sredne-
kharyaginskaya well of Moroshkinsky site is much
lower but is also caused by migratory components: at
low Cor, content (< 0.04 %), the bituminosity factor B
amounts to 50-75 %, and By, comprises up to 70 %
hydrocarbons. In terms of n-alkanes content, the
bitumoids are similar to Domanic horizon bitumoids,
especially in No. 144 Srednekharyaginskaya well.

In Yevlanov horizon, the concentration of organic
carbon and bitumoids decrease significantly: Cyy —
0.09 to 0.25 %, By content — 0.0001 to 0.0025 %.
The bitumoids are oxidized, lightly oily or oily-
resinous.

In undivided Yevianov and Liven horizons, the
content of organic carbon is 0.03 to 0.86 %, whereas
median value is 0.24 %. Increased concentrations are
found in the rocks of No. 1 and No. 4 wells of
Nizevaya area and No.l Sosnyanskaya well of Ust-
Tsilemsky site. Migratory bitumoids are present,
oxidized and in low concentrations: B, content
median value amounts to 0.0009 %, B,, — 0.005 %.
Only in some of the interbeds of No. 13 Severo-
Komandirshorskaya well of Moroshkinsky site,
B.y content reaches 0.08 %, B, — 0.06 %.
In No. 4 Nizevaya well, catagenetically immature
(Tmax = 421 °C) type 111 kerogen (applying Tissot and
Welte (1984) classification system) is found in Co,
concentration of 0.86 %.

In terms of fractional composition, all bitumoids
are closely related: hydrocarbons account for 4048 %,
resinous-asphaltenic compounds — for 52-60 %.
However, differences exist in molecular structure and
hydrocarbon content. So, in No. 13 Severo-
Komandirshorskaya well, bitumoid IR spectra of the
rocks from the depth of 3872.5 and 3877.8 m exhibit
differences in the share of unbranched saturated
chains, aromaticity and degree of oxidation, which is
caused by a relatively high contribution of migratory
components in the bitumoid from the depth of
3872.5 m. Bitumoids from No. 31 Moroshkinskaya
well, No. 144 Srednekharyaginskaya well, No. 13
Severo-Komandirshorskaya well located in the
territory of Moroshkinsky site have similar
configuration of IR spectra and n-alkanes molecular
mass distribution curves.

Volgograd horizon rocks represented by
limestones of No. 31 Moroshkinskaya well
(Moroshkinsky site) have very low bituminosity
(Ben < 0.0002 %, B,y < 0.0006 %).

The undivided Zadonian-Volgograd deposits
represented by limestones from No. 1 well of
Dvoinikovaya area at Ust-Tsilemsky site, with Cy,
content = 0.68 %, have very low bituminosity due to
the presence of light and light oily bitumoid (Bey —
0.0003 %). The rocks contain type III kerogen
located in the oil window zone but with a low
remaining potential (S, < 0.3 mg/g rock).

Rocks of Zadonian horizon are represented by
limestones in No. 2 Komandirshorskaya area
(Moroshkinsky site) and No. 10 Timanskaya area
(Severo-Tebuksky site). The content of C,, is
extremely low — less than 0.1 %. The concentration
of bitumoids is much higher in the rocks of No. 2
Komandirshorskaya well (B, — 0.026 %, B, —
0.036 %), whereas in the rocks of No. 10
Timanskaya well the average B, concentrations
amount to 0.0003 %, B, — 0.001 %. Bitumoids of
No. 2 Severo-Komandirshorskaya well are resinous,
of oxidized or mixed nature, whereas No. 10
Timanskaya well bitumoids are resinous and
resinous-oily and are oxidized by nature.

Bitumoids contain a high share of hydrocarbons
(53 %), mostly saturated (42 %).

Isoprenoids are generally predominated by
phytane (Pr/Ph 0.7-0.8). Low values of isoprenoid to
n-alkanes ratios are an evidence of a rather
significant maturation of the organic matter.

Yelets horizon rocks are represented by
limestones, clayey to various extent, with interbeds
of marls and dolomites, and have relatively low
concentrations of organic carbon (Cy — 0.3 to 0.31 %,
median value — 0.25 %), with a direct dependence
observed between concentration of C,, and
bitumoids. Based on the pyrolysis data, the organic
matter in all studied samples belongs to type III
(humic) whose catagenetic maturity corresponds to
substages PC;—MC;.

Values of pyrolytic parameters in the play are
generally low: §; —0.07 to 0.15 mg/g, S, — less than
0.3 mg/g rock. An exception is No. 13 Severo-
Komandirshorskaya well of Moroshkinsky site with a
bituminous interbed in the interval of 3656.2-3667.2 m,
caused by a high share of epigenetic components
(Bent concentration is 0.235 %, B — 78 %, S1 —
1.4 mg/g rock).

All bitumoids are oxidized, except for the
limestone bitumoid from the interval within 3649.6—
3667.2 m in No.13 Severo-Komandirshorskaya area
of  Moroshkinsky site. Apart from high
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concentrations (B — 0.235 %, Bay, — 0.156 %), it has
a resinous-asphaltenic composition and mixed nature
(neutrality factor — 1.51), high bituminosity factor
(78 %), relatively high pyrolytic parameters (S; —
1.4 mg/g, S, — 1,6 mg/g rock) corresponding to the
zone of hydrocarbons microaccumulation.

Ust-Pechora horizon rocks are represented
by limestone in No. 13 Moroshkinskaya well,
containing oily-resinous (migratory) bitumoid in low
concentration (B, — 0.0025 %).

In Numylg and Zelenets horizons, rock
bituminosity is higher than in the underlying
limestones of Ust-Pechora horizon: B, — up to
0.04 %, B,, — up to 0.08 %. Bitumoids are mainly
oxidized and resinous. In fractional composition,
shares of saturated hydrocarbons and heavy resins
are nearly equal (32-37 %), with an aromatic fraction
and asphaltenes accounting for 12 % each.

No. 31 Moroshkinskaya well contains syngenetic
organic matter represented by particles of algal
detritus, disperse spots and colloform clots of
sapropel organic matter.

Production Log Tests

Based on the integral analysis of the results of
laboratory analysis of the core and production log
test materials, reservoirs have been delineated; an
evaluation of their quantitative parameters and fluid
content has been made.

For well logging interpretation, literature [32—-39]
was used.

Porosity factor has been selected as the criterion
for evaluation of rock reservoir properties. Porosity
was determined by neutron gamma-ray logging
following the method of two guide formations using
the dependencies developed by JSC KamNIIKIGS.

Petrophysical support of well logging data
interpretation has been based on the core analysis
data. Well logging data interpretation was performed
in order to evaluate the calculation parameters for
delineation of reservoir beds in the productive
intervals. Evaluation of quantitative parameters of
carbonate reservoirs was based on the results of
standard core analysis: effective porosity, absolute
permeability to gas, and volumetric density.

Evaluation of reservoirs in the Upper Devonian
play and the nature of their distribution in the area
and in the profile is mostly based on the production
log tests. Well logging data was used for forecasting

the reservoir fluid content. Distinction between
water-saturated and oil-saturated reservoir beds in
promising intervals has been performed on a
qualitative level using the normalizing method taking
into account the results of open hole assay and cased
hole tests [40].

In the territory of Moroshkinsky site, well
logging and core analysis have been performed for
six wells drilled in the site of interest, using the data
of twelve wells located beside its boundaries.
Analysis of the “density-porosity” dependency in
the core has shown that rock density ranges
insignificantly (2.44-2.83 g/cm’), so no dependency
was found.

Determination of porosity after the NGRL
procedure used the method of two guide formations.
Guide formations were neat dense limestones of
Zadonian deposits with 1.0 % porosity and Visean
age deposits with maximum K, values [41].

For porosity calculation in promising intervals
not represented in the core, based on core analysis
and well logging data, a dependency was built
between a double gamma-ray index of NGRL and the
porosity factor (Alngrr = AK,)) for permeable
interbeds (fig. 4).
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Fig. 4. Alxgre = f(K;)) dependency.
Moroshkinsky site

Analysis of core macro- and microdescription
and the results of laboratory analysis of Upper
Devonian reef deposits have shown that
Moroshkinsky site reservoirs are mostly represented
by low-porosity limestones, mainly clayey and close-
grained, as well as organic limestones and calcareous
dolomites. Rocks are mostly strong and mildly
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fractured. Fractures are mostly subhorizontal,
undulating, occasionally straight, short, healed with
clayey matter or calcite.

Based on the results of well logging data
reinterpretation, test data analysis and assays, and
core laboratory analysis, it can be concluded that in
the productive parts of the profile in the territory of
interest, fractured and fractured-vuggy reservoir rock
prevails [42].

Profile intervals promising for delineation of
reservoirs have been found in the deposits of
Domanic, Sirachoy, Zadonian, Yelets, Ust-Pechora
horizons and the undivided strata of Numylg-
Zelenets time.

The fluid content of reservoir beds in the
delineated intervals, based on the available data for
some of the wells, enabled the use of a normalizing
method, involving comparison of neutron gamma-
ray logging curves and normalized laterolog survey
curves (fig. 5). Mutual behavior of the curves
provides insight on the fluid content: if the interval
of interest shows an increment, there is a
probability of presence of productive reservoir
beds saturated with oil or gas. If the curves merge,
then the beds are, most likely, water-saturated.
This approach was used for evaluation of intervals
in reservoirs found in carbonate rocks in the
profiles of No. 31 Moroshkinskaya well, No. 2 and
13 Severo-Komandirshorskaya wells, and No. 144
Srednekharyaginskaya well.

In the profile of No. 31 Moroshkinskaya well,
presumably oil-saturated reservoirs were delineated
in Domanic, Sirachoy, Zadonian, Yelets, Ust-
Pechora and Numylg + Zelenets horizons. Based on
the assay, mineralized water was found in Domanic
deposits; no influx was discovered during formation
tests in Zadonian deposits. No positive increments
were found between NGRL method and laterolog
survey in the reservoirs delineated in the profile
of No. 144 Srednekharyaginskaya well; possibly,
the reservoirs are water-saturated. Assay results in
Sirachoy horizon reservoirs have registered an
influx of mineralized water. In No. 2 Severo-
Komandirshorskaya well profile, presumably oil-
saturated reservoirs were found in the deposits of
Domanic, Sirachoy, Zadonian, Yelets, Ust-Pechora
and Numylg + Zelenets horizons. In the course
of the testing, the Domanic deposits produced
an influx of oil with a yield of 0.8 m’/day.
In No. 13 Severo-Komandirshorskaya well profile,

presumably oil-saturated reservoirs were delineated
in Domanic, Sirachoy, Zadonian, Yelets, Ust-
Pechora and Numylg + Zelenets horizons. Assays of
Domanic deposits have found mineralized water.
The difference in the evaluation by well logging and
by assay may be caused by a number of reasons:
failure to account for drilling-in conditions,
wellbore area clogging, hydrodynamic formation
characteristics, etc.

In the territory of Ust-Tsilemsky site, analysis of
well logging and core materials has been performed
for ten wells located in the area of interest, involving
the data of five wells drilled beside its boundaries.
The petrophysical “density-porosity” dependency for
the core is shown in fig. 6. It is apparent that rock
density varies insignificantly (2.28-2.83 g/cm’);
however, the two parameters are closely related.

Determination of porosity under NGRL
procedure used the method of two guide formations
and applied the obtained dependencies. Guide
formations were dense limestones of Zadonian age
with 1.0-1.5 % porosity and terrigenous Yevlanov-
Liven deposits with maximum K, values. For
porosity calculation in the promising intervals not
represented by core, a Alngre = f(K,) dependency for
permeable interbeds (fig. 7) was built on the basis of
core analysis and well logging data.

Based on the obtained dependency, porosity
values were calculated and reservoirs were delineated
in the strata of interest.

Lithologic  description,  geochemical and
petrophysical core analysis results in the Upper
Devonian reef deposits have shown that reservoirs in
Ust-Tsilemsky reference site are represented by
close-grained vuggy limestones, with presence of
algal limestones and organic remains, as well as
replacement dolomites.

An integral analysis (well logging materials
reinterpretation, use of test and assay data, core
laboratory analysis) suggests that the productive
parts of the profile in the area of interest exhibit
prevalence of mixed type reservoirs with pore
volume that includes fracture  networks,
intergranular voids and vuggs.

Intervals promising for reservoir delineation have
been found in the Domanic horizon deposits in the
profiles of most wells drilled in the area, excluding
No. 1 Ust-Tsilemskaya well, No. 40 Khabarikhinskaya
well and No. 1 Sosyanskaya well. From these intervals,
mineralized water was obtained during assay in the
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open hole of No. 1 Brykalanskaya well and No. 1
Dvoinikovaya well. In Yelets horizon deposits, sporadic
reservoir interbeds were delineated in profiles of No. 1
Brykalanskaya well (1.5 m) and No. 1 Dvoinikovaya
well (10.5 m). During assay in the open hole of No. 1
Dvoinikovaya well, no influx was obtained.

Data available for some of the wells enabled use
of normalizing method involving comparison of

neutron gamma-ray logging curves and normalized
laterolog survey curves (fig. 8). If the interval of
the profile of interest shows an increment, there
is a probability of presence of reservoir beds
saturated with oil or gas. This approach was used
for evaluation of intervals in reservoirs found
in carbonate rocks of Domanic age in profiles of
No. 1-5 wells of Nizevaya area. Carbonate reservoirs
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of Domanic age can be tentatively classified as oil-
saturated. Assay and testing of deposits in this
interval have not been conducted.

In the territory of Severo-Tebuksky site, the
analysis of well logging and core analysis has been
conducted for six wells drilled within the boundaries
of the site under study, involving the data of four
nearby wells.

Petrophysical dependency “density-porosity” for
the core is shown in fig. 9.

Determination of porosity after NGRL procedure
used the method of two guide formations and applied
the obtained dependencies. Guide formations were
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area-extended dense limestones of Yelets horizon and
terrigenous deposits of Yevlanov-Liven age with
maximum K, values. Porosities of thick beds have been
determined by core and amount to 1.0-1.5 % for the
guide formation. Based on the NGRL data, these beds
exhibit maximum NGRL values, and minimum values
judging by gamma-ray logging data.

To estimate the porosity of promising intervals not
represented by the core, a Alngr = AK}) dependency
was built on the basis of core analysis and well
logging data for permeable interbeds (fig. 10).

Based on the obtained dependency, porosity values
have been calculated and reservoirs have been
delineated. In No. 1 Ayuvinskaya Pechora-Petroleum
well, due to the absence of nuclear logging data, it was
impossible to calculate the porosity factors; however,
the assay results suggest that the intervals with reservoir
beds have been delineated on a qualitative level.

The analysis of lithologic description and results of
geochemical and petrophysical core tests in the Upper
Devonian reef deposits have shown that the reservoirs
are composed of limestones and dolomites with
porosity varying within 7.97-22.22 %. Based on the
integral analysis of the results of production log tests of
the profile and core analysis, it can be assumed that the
productive parts of the profile are dominated by mixed
type reservoirs with pore volume that includes fracture
networks, intergranular voids and vuggs [42].

Intervals promising for reservoir delineation have
been found in the Domanic, Sirachoy and Yevlanov-
Liven age. Sporadic reservoir interbeds were
determined in profiles of No. 80 Kykaelskaya well in
the deposits of Zadonian and Yelets horizons, and in
the profile of No. 93 Kabantyskaya well in Ust-
Pechora horizon. During assay in the open hole of
No. 1 Ayuvinskaya Pechora-Petroleum well,
mineralized water was obtained from the Domanic
and Sirachoy horizons reservoir interval.
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It is difficult to give a reliable estimation of fluid
content in carbonate reservoirs due to the lack of
information.

Conclusions

The following conclusions can be made on the
basis of the presented materials:

1. Domanic horizon deposits contain organic
matter of mostly type Il and occasionally type I,
found in the oil window zone (MC,—MGC,).
In Yevlanov horizon, type III (humic) organic
matter possesses a very low generation potential
despite MC,, catagenesis corresponding to the
main oil generation phase. Organic matter in
Yevlanov-Liven deposits is represented by the
initial sapropel (Severo-Komandirshorskaya area
of Moroshkinsky site) and humic material
(Moroshkinsky area of Moroshkinsky site, Ust-
Tsilemskaya, Brykalanskaya, Nizevaya areas of
Ust-Tsilemsky site) and in terms of maturity
encompasses the catagenetic substages from PC;
in Ust-Tsilemsky site (No. 1 and 4 Nizevaya
wells, No. 1 Sosyanskaya well) to MC, in
wells of Severo-Komandirshorskaya area of

Moroshkinsky site. Rocks of Zadonian and
Volgograd horizons are in the main oil generation
area (MC,), albeit poor in organic matter. Yelets
horizon limestones from No.l Dvoinikovaya well
(Ust-Tsilemsky site) contain type III (humic)
organic matter but are catagenetically immature
(PC3); in No. 13 Severo-Komandirshorskaya
well (Moroshkinsky site) they belong to the oil
window zone (MC,).

2. Bitumoid microaccumulation (high concen-
tration) zones are related to the development zones of
oil source rocks and can be delineated in the
Domanic horizon of No. 1 Sosyanskaya well and in
the Sirachoy horizon of No. 1 Brykalanskaya well
(Ust-Tsilemsky site), No. 10 Timanskaya well
(Severo-Tebuksky site). In No. 13 well of Severo-
Komandirshorskaya area (Moroshkinsky  site),
microaccumulation zones were traced in Yevlanov-
Liven deposits and in the Yelets horizon.
The bitumoids mostly have hydrocarbon-resinous
content (hydrocarbon content is 26 to 67 %, resin
content is 28 to 58 %).

3. Sequential analysis of bitumoid content in
rocks of various geological ages shows surprising
constancy of their fractional content B: it
exhibits a sustainably high share of hydrocarbon
fractions (40—72 %), among which both saturated
and aromatic constituents can prevail. Similar
compositions and distributions of saturated
hydrocarbons in the transition from underlying to
overlying horizons suggest presence of a vertical
migration and a common genetic source.

4. Based on the pyrolysis results, a low oil
source potential has been established for most of the
studied territories. Domanic horizons in No. 4
Nizevaya well and No. 10 Timanskaya well have a
rich potential. Sirachoy and Vetlasian horizons of
No. 1 Dvoinikovaya well and No.l Brykalanskaya
well, as well as Domanic horizon of No. 1
Sosyanskaya well in the territory of Ust-Tsilemsky
site, have average and satisfactory potential.

5. Carbonate reservoirs have complex structure of
voids; they manifest intensive development of
fractures and vuggs.

6.In the territory of the reference sites, the
porosity and permeability properties of reservoirs
were found to be vastly variable.

7. Reinterpretation of well logging materials
has revealed ambiguity in the established net
thicknesses.
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