THE ACCURATE SHAPE OF SALT DIAPIR AND NEAR-SALT COMMERCIAL HYDROCARBON ...

YAK 550.8, 553.9 DOI: https://doi.org/10.24028/gj.v47#i2.322582

The accurate shape of salt diapir
and near-salt commercial hydrocarbon pools:
outcome of applying a 3D joint gravity, well-log,
seismic inversion, and new paradigm for pool mapping

O.P. Petrovskyy”, T.O. Petrovska', O.M. Onischuk’,
V.M. Suyatinov', PM. ChepiF, 2025

'"DEPROIL, Ivano-Frankivsk, Ukraine
5Naftogaz of Ukraine, Kyiv, Ukraine

Limitations of the seismic method in mapping salt diapirs increase exploration risks
while drilling in near-salt areas. An innovative method of 3D joint inverse problem solution
for gravity, well-log, and seismic data makes it possible to verify and refine the shape of
a salt dome and map hydrocarbon accumulations right beside the salt wall under the salt
wing and over the salt dome. It is illustrated by the results for four salt domes in the central
axial part of the Dniper-Donets Basin. In half of the cases, joint gravity inversion proved
that seismic data provided a reliable salt shape that may be used as the biggest outline.
In the other half of the cases, the salt stem outlined by 3D gravity inversion significantly
differed from that by 2D and 3D seismic data interpretation. In one case, gravity inversion
showed that the size of the salt stem was three times smaller. For all the cases under the
salt wing in proximity to the salt dome, near the salt wall, and over the salt dome, local-
ized low-density rock areas were mapped. These areas were associated with commercial
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hydrocarbon pools. A commercial hydrocarbon pool is a hydrocarbon pool with poros-
ity, permeability, hydrocarbon saturation, recoverable reserves, and a production rate
that simultaneously are higher than cut-off values, making future drilling and production
commercially viable. For one, the salt dome location of the commercial pools was veri-
fied by drilling. As a result, a new oil field was discovered and named after Academician
Schpak. Also, over the same salt dome, the size of the Runovshina field shallow gas pool
outline was six times expanded. Four wells drilling outcomes — three commercial and one
dry — fully confirm the correctness of the shape of the mapped commercial pool with a

100 % commercial probability of success.

Key words: salt dome, complete Bouguer gravity anomaly, geologically meaningful
3D density model, joint inverse problems solution, isolated density anomaly, commercial

hydrocarbon pool, Dnieper-Donets Basin.

Introduction. Some major hydrocarbon
accumulations (hydrocarbon pools) in the
Dnieper-Donets Basin (DDB) are associated
with salt diapirs. Among them are Rozpash-
nivske (52 BCM of recoverable gas), Vedme-
divske (49 BCM), Mashivske (39 BCM), and
Chutivske (12 BCM) gas fields [Ivanyuta,
1998]. Many known accumulations under-
lie salt wings and are adjacent to salt stems.
Moreover, some of them (like Rozpashnivske,
Chutivske or Novoukrainske) are associated
with steep near-salt blocks with hydrocar-
bon production within some hundred meters
from the salt wall (Novoukrainske oil and gas
field). Overlaying salt wings, steep orienta-
tions of salt walls and near-salt beds, velocity
contrasts, and intensive faulting around the
salt make seismic imaging of near-salt struc-
tures challenging and petroleum exploration
highly risky.

Salts' physical properties do not favor
seismic studies. Still, they are beneficial for
gravity exploration, as high-amplitude den-
sity contrast between salt and host rocks con-
tributes to the reliable reconstruction of salt
shape by gravity. Recent advances in gravity
interpretation [Kobrunov, Petrovskyy, 1990;
Petrovsky et al., 2003; Petrovsky, 2004] utilize
full-scale 3D density modelling and full-field
3D gravity inversion, constrained by seis-
mic and well data. They allow for detailed
mapping of salt shape and identification of
isolated low-density areas associated with
hydrocarbon accumulations in immediate
proximity to salt.

Method. The approach quantitatively in-
troduces initial geological and geophysical
information into the inversion algorithm to
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get a unique, stable, and geologically mean-
ingful solution (Fig. 1):

— All available data is used to build a de-
tailed, initial 3D density model of the sub-
surface and to define major uncertainties and
structural/density constraints;

— Convex functional J(.) is quantitatively
introduced to the inversion algorithm. It con-
tains the initial information and geological
constraints. In the case of inversion for one
geophysical field, a so-called «Inactive in-
verse problem solution» is used

A(&(r)) =u(s),
J(E(r)-&, (r))—>min,
é(r)eD(A)c W,
u(s)elm(A)cU
@(r),f;o (r)eMcD(A);
— In the case of joint inversion for two

geophysical fields, a so-called «Active inverse
problem solution» is used
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where &(7), n(r) — models (density or veloc-
ity values in the heterogeneous model or
depth to geological or geophysical struc-
tural surfaces in the structural model in the
point reXYZ); W — metric space of mod-
els; u(.), y(.) — observed geophysical fields
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or their functionals in the point seXYZ; U,
Y — metric spaces of geophysical fields; 4(.):
W—U, B(.): W—Y — in general case non-
linear operators acting from models' space
W to the spaces of U, Y of geophysical
fields; D(A4), D(B) — domain of operators A(.),
B(.) — open subspace in space W, wide
enough to ensure adequate approximation of

a true geological model; Im(4), Im(B) — open
subspaces in spaces U, Y, wide enough to en-
sure adequate approximation of geophysical
fields u(.), y(.); M, N — set of possible geo-
logically meaningful models &(»), n(r); J(.):
W—R — Convex functional acting on W and
containing prior geological and geophysical
information as estimation of uncertainties of
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Fig. 1. Fundamental scheme of 3D joint inverse problem solution for gravity, well-log, seismic, and geological
data, and estimation of petrophysical and hydrocarbon production properties of commercial hydrocarbon pools.
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Salt outline by 3D gravity
inversion at 4.7 km depth
(producing interval)

Generalized salt outline by
3D gravity inversion at depth
interval from 4.7 down to 13 km

¢l Fig. 2. Two examples of salt diapirs, significantly

modified after 3D gravity inversion: A— salt dome
within a highly explored area. Black dots indicate
deep wells. A prior salt outline was built using
wells and 2D seismic data. 3D gravity inversion
indicated a much smaller size of salt, especially
at depth, with changes varying between 17 and
600 %; B, C — example of new prospect area, cov-
ered with 3D seismic survey. 3D gravity inversion
revealed an over three times smaller diapir size
than the 3D seismic data. The S-W block (previ-
ously assumed to be part of the salt stem by seis-
mic survey) is characterized by the density of the
hydrocarbon-bearing sedimentary rocks (C). The
down dip (from the salt stem) location of new hy-
drocarbon commercial pools here is analogous to
that of the recently discovered oil field named af-
ter Academician Schpak (see Fig. 3). Considering
the «noisy» character of seismic image here, one
cannot exclude a thick salt wing or, alternatively,
a deformed block of salt overburden, similar to
the objects described in [Petrovska et al., 2021].
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geological and geophysical information.
— Inversion for the entire geological col-
umn, including salt/basement/Moho inter-
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— The use of complete Bouguer (or Free-
air) gravity anomaly for the inversion;
— The use of actual physical density, which
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B: 1 — faults, 2— expected oil — water contact (OWC), 3 — exploration well, 4 — seismic interfaces, 5 — stratigraphic
boundaries, 6 — well testintervals, 7 — oil infliw, § — oil pool, 9 — expected o0il pool, 10 — oil saturation by well log

interpretation, 11 — water reservoir, 12 — salt

Fig. 3. Identification of the commercial oil pool under the salt wingand near the salt wall. The case for the field
named after Academician Schpak: A — 3D density model conformal slice within the Lower Permian — Upper
Carboniferous production layer; B— 3D density model of a vertical cross-section through the discovery wellwith
results of well testing [Zeikan et al., 2013]. Salt stem size did not change significantly from the estimate by3D
seismic data. Light green low-density areas mark the commercial oil pool, identified bythe 3D gravity inversion.
The yellow area outlined the salt rocks of the stem. Model validity was proved by the discovery well #110.

ensures the possibility of proper model con-
straining during the inversion and further
petrophysical conversions.

Exploration outcome. Four salt dia-
pirs were studied in the central part of the
Dnieper-Donets Basin (DDB). For detailed 3D
density modeling and joint gravity inversion,
high-precision gravity field measurements
with 100x100 m station spacing (1:10 000
scale) were performed for all the cases. To
minimize interpolation errors when using
the gravity field for joint inversion, gravity
stations were placed at the centers of the rect-
angles that were projections of the future 3D
density model's cells to day surface. 3D den-
sity models of the subsurface were built from
the day surface down to 20—25 km to include
salt wind and overburden, salt stem, mother-
salt, and basement. The resolution of the 3D

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 2

density models was 100x100 meters laterally
and varied from 50 to 20 m vertically depend-
ing on the geological tasks.

Prior sizes of the diapirs' salt stems varied
from 5.6 to 19 km by seismic data (3D seismic
data in three cases and 2D seismic data in one
case). The distances between the three sites
are between 10 and 30 km, which might be
why all salt bodies have a similar expected
structure. However, the results of the 3D den-
sity modeling differ significantly.

The 3D gravity inversion outcome for two
salt diapirs showed significant changes in the
position of the salt wall (Fig. 2). In both cases,
the new commercial hydrocarbon pools were
mapped in the areas identified as salt-bearing
after seismic data interpretation. In one of the
cases, the identified accumulations were as-
sociated with a new kind of hydrocarbon pro-
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Fig. 4. Identification of the Jurassic-Triassic commercial gas pools of Runovschyna field over the salt dome: A
— top of the Triassic producing horizon by 3D seismic data (by Shevchenko O.A., cited from [Svjatenko, 2018];
B — density in Triassic by the results of 3D gravity inversion, 2012. Adjacent Jurassic and Triassic producing
horizons are depicted as a single low-density zone, shown in yellow; C — outline of the commercial hydrocarbon
pool (yellow area) by the 3D density modeling; D — cross-section along the black line shown at Band C; E —a
salt dome and the overlaying gas pool in a 3D density model by the results of gravity inversion (2012), with new
drilled wells (2013); F — the shape of the Triassic-Jurassic (yellow body) and Upper Carboniferous (green body)
commercial hydrocarbon pools (2012) and new wells drilled in 2013. 3D visualization of E and F performed in

GCIS software [Petrovsky et al., 2003].

spective structures — displaced blocks of salt
overburden — that represent new prospects
for deep drilling in the DDB [Petrovska et al.,
2021].

In two cases (50 %), the 3D density model
confirmed the shape of salt stems. In 2012,
commercial hydrocarbon pools were mapped
under the salt wing in proximity to salt stems
(in both cases) and over the salt dome (in one
case). In 2013, four wells were drilled to test
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two mapped commercial pools. The oil field
was named after Academician Schpak. It was
discovered by one well (Fig. 3). Two commer-
cial wells and one «dry» hole confirmed the
accuracy of the shape of the mapped com-
mercial hydrocarbon pool in the Runovscyna
gas field (Fig. 4).

Conclusion. The four exploration cases
illustrated the technique's efficiency in ob-
taining geologically meaningful 3D density

ISSN 0203-3100. I'eogpizuunuti xypHaa. 2025. T. 47. Ne 2



THE ACCURATE SHAPE OF SALT DIAPIR AND NEAR-SALT COMMERCIAL HYDROCARBON ...

models by deterministic joint 3D inversion of
gravity, well-log, seismic, and petrophysical
data to map the 3D shape of salt diapirs. In
50 % of cases, gravity inversion proved that
seismic data provided reliable salt shapes that
may be used as the biggest outlines. How-
ever, in the other 50 % of cases, the size of the
salt stem was much smaller than previously
expected from only the seismic data. In one
case, gravity inversion showed that the size
of the salt stem was three times smaller. An
additional value of the innovative technol-
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OO0OMe>KeHHS CeMCMIYHOTO MeTOAY ITPU KapTorpadyBaHHI COATHUX AlamipiB 30iABITY-
IOTh PU3UKH ITiA 9Yac OyPiHHSA AOBKOAA COAIHUX IITOKIB. [HHOBAIIMHUN MeTOA TPUBUMIPHO-
T'O CIIABHOTO BUPIIIeHHS OOepPHEHOI 3apadi AT AQHUX IPaBIMeTpil, KapOTa)Ky CBEPAAOBUH
1 CeICMIYHUX AQHUX AQ€ MOJKAUBICTB IIEPEBIPUTHU U YTOUYHUTH (DOPMY COASHOI'O KYIIOAQ
Ta 3aKAaPTyBATU CKYITYEHHS BYTA€BOAHIB 0€3II0CEPEeAHBO OiAd CTIHKM COASTHOTO IITOKY,
IiA COASTHUM KO3MPKOM 1 Hap COASTHUM KYIIOAOM. Lle IpOointoCTpOBaHO pe3yAbTaTaMU AN
YOTUPBOX COATHUX KYIIOAIB ¥ [eHTPAABHIN OCBOBINY YaCTUHI AHIIPOBCHKO-AOHEIBKOI 3a-
IapAuHU. Y IIOAOBUHI BUIIAAKIB CIIIABHA I'PABiTAlliliHA IHBEPCis AOBEAQ, 1110 CEeMCMIUHI AaHI
3a0e3I1eunAn HapiiHy (hOPMY COAi, IKy MOKHA BUKOPUCTOBYBATHU SIK HAUOIABIINI KOHTYP.
B inI1i#h mMOAOBUHI BUTIAAKIB COASTHUM MITOK, 3aKapToBaHUU 3a pomomoroto 3D rpasiTa-
LiMHOI iHBepcCii, CyTTEBO BiApi3HABCA Bip iHTepupertallii 2D Ta 3D celicMiuHUX AQHUX.
B opHOMY BUNIaAKY rpaBiTallifiHa iHBepCis IIOKa3aaa, [0 pO3Mip COASHOTO IITOKY OYyB
YTpUYi MEHIIUM. AAS BCIX BUIIAAKIB ITip COATHUM KO3UPKOM MOOAW3Y COASHOTO KYTIOAQ,
Oins CTIHKM COASTHOTO IITOKY Ta HaA COASTHUM KYIIOAOM OYAM 3aKapTOBAaHI AOKaAi30BaHi
MASTHKY TTOPiA HU3BKOI rycTUHU. LIi AIASHKY 6yAn TIOB's13aHi 3 KOMEPIIMHIMH ITOKAQAA-
MU BYTAE€BOAHIB. KOMepIiMHUN IOKAGA BYTAEBOAHIB — II€ TIOKAAA BYTAEBOAHIB, B IKOMY
IIOPHUCTICTh, IPOHUKHICTB, BYyTA€BOAHEBE HACUYEHHS, BUAOOYBHI 3alacy Ta II04aTKOBUU
Ae0IT OAHOUACHO II€PEBUIYIOTh I'PAHUYHI 3HAUYEHHs, 110 POOUTH ManOyTHE OypiHHA Ta
BUAOOYTOK KOMEPIIiMHO peHTabeAbHUMU. AAST OAHOTO 3 COASTHUX IIITOKIB PO3TalllyBaHHS
KOMEPIINHUX ITOKAAAIB OYAO MATBEPA’KEHO OYpiHHSAM, YHACAIAOK 4OTro OYAO BIiAKPUTO
HOBe POAOBHIIEe HaPTH, IKOMY IIPUCBOEHO iM'sa akapeMika [lnaka. Kpim Toro, Hap TUM
>Ke COASTHUM KYIIOAOM Y IIiCTh pa3iB 30iABIIEHO PO3Mip KOHTYPY HETAUOOKOI'O ra30BOr0O
OKAaAY PyHOBIIMHCBKOrO popoBullla. Pe3yabTaTy OypiHHSA YOTUPHOX CBEPAAOBUH —
TPHOX IPOMHUCAOBUX i OAHIET CYyXOI — IOBHICTIO MIATBEPAKYIOTH IPABUABHICTE (DOPMU
3aKapTOBAHOTO MTPOMUCAOBOTO TTOKAAAY 3i 100%-10 MMOBipHICTIO KOMEPIIHOTO YCITiXy.

KAr04oBi cAOBa: CONTHUM KYTIOA, IIOBHA I'PaBiTallilfiHa aHOMaAis byre, reoaoriuHO3MiC-
ToBHA 3D MOAEAB I'YCTHHY, CIIIABHUM PO3B's130K 00€pHEHMX 33744, i30AbOBaHa I'yCTUHHA
QHOMaAid, KOMEepIIMHUN ITOKAQA BYTAEBOAHIB, AHITTPOBCBKO-AOHEIIBKA 3alaArHa.
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