ATTENTION! 7 YEARS OF DRILLING CONFIRMS 100% RATE OF
SUCCESS IN MAPPING SUBSALT GAS-BEARING RESERVOIRS!
MAPPING TOP AND BOTTOM OF THE SALT
DIAPIR, COMMERCIAL GAS-BEARING RESERVOIRS
WITHIN TWO OVERLAPPING STRATGRAPHIC
LEVELS BELOW THE SALT
Solotvyno and Dibrova gas fields,
Transcarpathian Trough, Ukraine, 2005

GEOLOGICAL PROBLEM

The study area belongs to Transcarpathian Trough which is Miocene molasse basin,
underlayed by Paleogene-Mezozoic basement. In the south-eastern part of the study area
salt pierces Neogene clastic sequence and forms Solotvyno salt diapir. The top and the
bottom of salt diapir can not be mapped by seismic methods due to alteration of salty
and clastic beds.
Solotvyno gas field is situated in the eastern part of the study area. Gas pools were
discovered by wells #1 and #2 and are confined to Lower Badenian tuffs of Novoselytsya
formation N1nv. Dibrova gas field is situated in the central part of the study area. Gas
pools were discovered by wells #4 and #22 and are confined to Paleogene sediments
P3gr. Both fields are located near Solotvyno salt diapir and are overlaid by salty beds of
Tereblya formation.
By 2D seismic data, Solotvyno and Dibrova gas pools occure in Neogene and Paleogene
anticlinal structures respectively. Wells #4 and #22 of Dibrova field were placed in northern
pericline of Dibrova anticline; wells #1 and #2 - in western pericline of Solotvyno
anticline.
The main objective of the study was to refine the shape of Solotvyno salt diapir and
to delineate distribition of gas-saturated reservoirs, discovered by producing wells of
Solotvyno and Dibrova fields.

GEOLOGICAL RESULTS
The shape of Solotvyno salt diapir was refined by results of 3D gravity inversion. It turned out that the bottom of salt body deeps over
2.5 km down while in the initial 3D model it reached only 1.3 km
depth (Figure 9).
Paleogene gas pool of Dibrova field corresponds to low-density area
outlined by maximum density value of 2.50 g/ccm. Producing wells
#4 and #22 are located within the low-density anomaly (Figure 10).
The most qualitative gas-saturated reservoirs are developed to the
south from wells #4 and #22 under Solotvyno salt diapir. The rest
of the anticlinal structure is characterized by dense sediments which
indicates an absence of good reservoirs and hydrocarbon saturation.
It was confirmed by dry wells #23 and #28 (Table 1).
Neogene gas pool of Solotvyno field corresponds to low-density area
outlined by maximum density value of 2.38 g/ccm. Producing wells
#1 and #2 are located within the low-density anomaly (Figure 11).
Neogene gas pool is located in the apical and south-eastern part of
Solotvyno anticline. Gas inflow from well #15 within the apical part
of the structure (Table 1) confirms validity of the outlined contour of
Neogene gas pool in Solotvyno field.
Dry wells #23 and #28 drilled in 2005 and 2011 accordingly
within the high-density area
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3D GRAVITY INVERSION WORKFLOW

3D structural framework was built using 20 2D seismic lines, as well as stratigraphic
well tops from different wells including #4 and #22 of Dibrova field and #1 and #2 of
Solotvyno field. Structural model consisted of 7 surfaces, featuring the structure of
Neogene and Paleogene. The initial 3D density model (Figure 9, a) was built using
generalized petrophysical relations. Dimensions of the 3D density model were
14.4x10x7 km. Voxel property model discretization (cell size) - 100x100x50 m. Total
number of cells – 2 million.
Sandard deviation (SD) between observed gravity and gravity calculated from the initial
3D density model was 3.792 mGal (Figure 8, d). The first stage of applied algorithm3D non-linear gravity inversion led to refining the shape of salt diapir and reducing
deviation between observed and calculated gravity to 1.5 mGal (initial 3D density model
was improved by 2.5 times). The next stage - 3D linear gravity inversion led to refining
3D density model and reducing deviation between observed and calculated gravity to
0.316 mGal (relative to the gravity field, the initial 3D density model was improved by
12 times) (Figure 8, e).
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Figure 10. The contour of gas-saturated reservoir in
Paleogene of Dibrova field outlined by density value of
2.50 g/ccm. Dry wells №23 and №28 discovered dense
impermeable rocks
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Figure 8. Observed (а) and calculated gravity fields in case of initial (b)
and resulting (с) 3D density models and gravity misfit in case of initial (d)
and resulting (e) 3D density models
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Figure 11. The contour of gas-saturated reservoir in
Neogene of Solotvyno field outlined by density value of
2.38 g/ccm. Producing well №15 discovered low-density
gas-saturated rocks
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85% SUCCESS RATE
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Paleogene reservoir of Dibrova field and
Neogene reservoir of Solotvyno field correspond to low-density rocks with less than
2.50 g/cm3 and 2.38 g/cm3 density values
correspondingly

Figure 9. Initial (а) and resulting (b) 3D density models

Table 1. Drilling history and well testing results in Dibrova
and Solotvyno gas fields
Year

Well

Age

Prediction

Well test result

2005
2011
2012

23
28
15

P3gr
P3gr
N1nv

dry
dry
gas

dry
dry
gas

SUBSALT
HYDROCARBON
EXPLORATION
OVER TWO DECADES OF
RELIABLE HYDROCARBON-BEARING
RESERVOIR EXPLORATION

STRONG MATH DRIVEN BY GEOLOGY = STATE OF THE ART
IN 3D GRAVITY DATA INVERSION

ÔÔ 3D joint inversion of gravity, well log, seismic, petrophysical and geological information is the only way to obtain meaningful information from gravimetric
data 3D.

IDENTIFYING COMMERCIAL OIL
RESERVOIRS UNDER THE SALT WING

ÔÔ Implication of additional geological and geophysical data into gravity inversion allows to impose geologically reasonable restrictions on the variations of
parameters within the model (rock density, bedding depth) and to parametrize the inversion algorithm for obtaining a unique geologically meaningful
3D model out of the multiple possible solutions which correspond to the observed gravity.

AcademiK Shpak oil field,
Dnieper-Donets Basin, Ukraine, 2012

ÔÔ Gravity inversion comprises 3D density model of the entire geological section - from the land surface to the crystalline basement or mantle (in case of
regional exploration).

GEOLOGICAL PROBLEM

The central part of Dnieper-Donets Basin is characterized by
active salt tectonics. Hydrocarbon accumulations are confined to Carboniferous and Lower Permian sediments. Within the study area,
shallow gas pool of Runivshchyna field was earlier discovered in
Triassic just above the salt dome. Besides, the investigated area
includes marginal part of nearby Matviivka oil-gas-condensate
field with pools in Carboniferous. New hydrocarbon pools were
expected to be found near the salt wall and under the salt wing of
Runivshchyna salt dome which was quite a challenging task.
High-precision gravity data were used to validate and refine the
shape of the salt and identify hydrocarbon reservoirs around the salt
dome.

ÔÔ Using full Buguer gravity for inversion does not require to separate it into single components or extract gravity anomalies which correspond to studied
geological structures. 3D gravity inversion provides compensation of obtain gravity by changing the entire 3D density model.
ÔÔ Using actual rock density allows to calculate 3D models of petrophysical parameters such as porosity, hydrocarbon (HC) saturation, hydrocarbons in-place
per rock volume and predicted total amount of hydrocarbon resources and reserves.

GEOLOGICAL RESULTS

Dnieper-Donets Basin, Ukraine, 2012

The results of joint inversion of gravimetric and seismic data showed that the lateral
size of Budyshchany salt dome is three times smaller than it was initially interpreted
by 3D seismic data (Figure 2). Low-density areas near the salt wall identify presence
of gas saturated reservoirs. New hydrocarbon trap occupies the area where the salt
dome had been mapped by 3D seismic (Figure 3).

GEOLOGICAL PROBLEM
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Figure 1. Observed (а) and calculated gravity fields in case of initial
(b) and resulting (с) 3D density models and gravity misfit in case of
initial (d) and resulting (e) 3D density models
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Figure 7. Rock density in Permian
- Upper Carboniferous sediments
(a), geological section through the
producing well (drilled in 2013)
combined with 3D density model
section (created in 2012) through
the well (b). Light green areas
correspond to low-density rocks
and outline an oil reservoir
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Figure 2. Salt dome by 3D seismic data interpretation (a) and 3D
gravity inversion (b). The new hydrocarbon trap is adjacent to the
south-western wall of the salt dome, in 3D density model it was
delineated by density values 2.28-2.37 g/ccm

-52

d

Discovered
oil
reservoir

by
Будыщанский
соляной
шток
3D gravity

0
30
-5

b

I

Salt dome by
3D gravity

a

-58

00

-5

20

-5

0

30

0

-540

0

-56
0
00 0

-57

00

-5400

-5500
-5600
-5700
-5800
-5900
-600
0

ot

M

e

lt, D

-sa
her

0

30

-5

n

ia
von

Figure 4. Initial 3D density model by
3D, 2D seismic data, well log data and
petrophysics
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Standartd deviation (SD) between observed gravity and gravity calculated
from the initial 3D density model was 4.639 mGal (Figure 1, d); between
observed gravity and gravity calculated from the resulting 3D density model was
0.048 mGal (Figure 1, e) (relative to the gravity field, the initial 3D density model
was improved by 97 times).
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The initial 3D structural model of target horizons in Carboniferous was built
using 3D seismic interpretation results. Underlaying Devonian sequence
(including mother salt) and the basement were built using regional 2D
seismic lines. The initial 3D density model of target Carboniferous interval was
built using log data from wells of nearby Matviivka field. Structural features
of the salt dome and mother-salt were refined by 3D non-linear inversion of
gravity data for 17 structural surfaces. 3D density model was refined by fulldepth 3D linear inversion of gravity data for 11.2 million cells (cell dimension
100x100x50 m).

A structural framework was built using 3D seismic data
interpretation results for target horizons in Carboniferous. Structural
model of underlaying Devonian sequence (including mother salt)
and the basement was built using regional 2D seismic lines. Wells
from nearby fields were used to define density model of the target
Carboniferous interval. Generalized petrophysical density relations
derived for Dnieper-Donets Basin were used for deeper horizons.
Structural 3D model consisted of 16 surfaces. Dimensions of
3D density model were 43x25.5x20 km. Voxel property model
discretization (cell size) - 100x100x50 m. Total number of cells –
32.9 million.
Standard
deviation
(SD)
between
the
observed
gravity and gravity calculated from the initial 3D density
model was 7.154 mGal; between observed gravity and gravity
calculated from the resulting 3D density model was 0.219 mGal
(relative to the gravity field, the initial 3D density model was
improved by 33 times).
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3D GRAVITY INVERSION WORKFLOW

3D joint inversion of gravity, seismic and well data proved validity of the salt dome
shape, mapped by 3D seismic data interpretation results. Low-density areas
associated with known HC Runivshchina and Matviivka fields were clearly identified
in the 3D density model (Figure 5). Apart from that, there are low-density areas
in the interval of Lower Permian and Upper Carboniferous sediments near the
south-western wall of the salt dome and under its salt wing (Figures 6, 7). The
amplitude of density decrease corresponds to that for hydrocarbon reservoirs of
Runivshchyna and Matviivka fields. Therefore, these areas were interpreted as a new
hydrocarbon prospect.
The first exploration well #110 was drilled in 2012 (after the 3D density model had
been created) and obtained commercial oil inflow from Upper Permian - Lower
Carboniferous (Figure 7).

3D GRAVITY INVERSION WORKFLOW
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The central part of Dnieper-Donets Basin is characterized by active salt
tectonics. Hydrocarbon accumulations are confined to Carboniferous
sediments, which are pierced by Devonian salt. Budyshchany salt dome is
located within the investigated area. The problem is caused by inability to map
salt dome walls by 3D seismic due to absence of seismic reflections in proximity to the salt dome as well as difficult terrain. High-precision gravity data were
used for delineating the shape of Budyshchany salt dome.
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A THREE-TIMES INCREASE OF THE
GAS PROSPECT AREA AS A RESULT OF
REFINING THE SHAPE OF BUDUSHCHANY
SALT DOME

GEOLOGICAL RESULTS

Salt dome

CRITICAL FACTORS FOR EXPLORATION & PRODUCTION
SUCCESS, WHEN APPLYING GRAVITY DATA 3D:

Figure 5. Resulting 3D density model by
results of gravimetric data inversion
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Figure 6. 3D model of Devonian salt,
Runivshchyna salt dome and salt wing
(gray color), Runivshchyna gas field (green
color) and discovered oil field (red color)

