Paradigm customer story

A New Prestack Maximum Likelihood
Inversion of Gathers and Stochastic
Refinements to Study Ultrathin Oilsaturated Reservoirs
The Challenge
A joint team of scientists from Paradigm Moscow and its client
RUP PO Belorusneft tried a new, fully synchronous pre-stack
inversion of gathers based on the maximum likelihood algorithm
(PMLI-inversion) followed by refinement of the inversion results
using stochastic methods. The purpose of the project was to study
ultrafine oil-saturated carbonate reservoirs located at great depths
of 4-5 km in a deposit in Belarus.

The reservoir in the deposit is widespread, but the non-uniform
effects of the leaching processes and fracturing have resulted in a
chaotic and patchy distribution of high-capacity carbonates over
the deposit area. The thickness of the reservoir beds varies from
2 - 15.6 m, and the weighted mean accessible porosity ranges
from 4.5 - 9.7%. The main goal of the project was to detect and
detail the zones of enhanced reservoir properties in the ultrathin
hydrocarbon-saturated beds that are up to 5 meters thick.

The Assessment

The Solution

The seismic acquisition was designed to detail the geological
structure of intersalt and subsalt sediments, to map the structureforming fractures, and to discover and delineate traps that may
contain oil and gas in the intersalt and subsalt Devonian formations.
Coverage for the 3D seismic survey is 120 km2 with a fold of 100
and bin spacing of 20 meters. The maximum offset is 4,000 m.

To improve the quality of the input gathers (seismograms), a
special preprocessing phase was used in the inversion process, the
results of which are shown in Fig. 1. Preprocessing improved the
signal-to-noise ratio to 5.3 by largely suppressing the coherent
noise, including multiple waves. Preprocessing also stabilized the
signal waveform and amplitude behavior along offsets. Evaluation
of the signal waveform for inversion shows that it is close to the
zero-phase.

The commercial oil content of the deposits is associated with
subsalt carbonate deposits (Voronezh, Semiluksky, Sargaevsky). The
main oil deposit is confined to the Semiluksky horizon sediments.
The reservoirs are porous and cavernous secondary dolomites,
which are fractured in some areas and confined to the upper and
middle part of the horizon. The reservoirs are mixed: cavernous/
porous, porous/cavernous, and cavernous/porous/fractured.

The next step was implementing PMLI inversion to the gathers
after preprocessing to obtain cubes of the physical properties Ip, Is,
Density, Vp and Vs, Vp/Vs, Poisson ratio, LR and MR (Fig. 2). This
was followed by stochastic refinement of the obtained physical
properties (Fig. 3). The final step was evaluating the quality of the
refined properties and vertical depth resolution of the oil reservoirs
(Figs. 4 & 5) as well as the probability of the prediction.
Evaluation of the vertical resolution at the PMLI inversion output
based on volumes of Ip impedance values (Fig. 2) in the main

Fig. 1: Improving quality of the initial seismograms using preprocessing in the
first stage of PMLI inversion. Signal waveform evaluation based on calibration
of the synthetic and seismic data (cross-section of the mean entry angles) is
shown in the right hand part of the illustration. Carbonate reservoirs Belarus.

Fig. 2: PMLI. Final map of Ip impedance and Poisson’s ratio extracted
on roof of main reservoir D3sm. Wells 1, 2, 3 are oil-saturated
wells; well 4 is water-saturated. A circle highlights an area of major
prospecting zones.
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reservoir interval showed that the minimum thickness of the
reservoir being identified is 5 - 9 meters. These estimates showed
that the inversion result was also limited to the frequency range
of the seismic signal. Fig. 2 shows a map of seismic impedance
and AVO attribute of Poisson’s ratio. There is a correlation of low
impedance, Ip and zones with anomalies of the Poisson’s ratio
attribute both in the zone of oil producing Wells 1, 2, 3 and in
the zone of water-saturated reservoirs (the reservoir in Well 4
is saturated with water). The lower impedance zone with the
producing wells belongs to a structural uplift.

Evaluation of the vertical resolution of the stochastic impedance, made in
a stratigraphic grid in the area of highest probability of prediction, showed
a maximum resolution of up to 1-2 meters in the beds (Fig. 4). In fact,
the improved resolution made new and important details of the deposits
visible. For example, there is an obvious separation of the section, based
on the impedance values, into three zones: upper, middle and lower.
These can be associated with different filling fluids: water in the bottom
zone; oil in the middle zone; and gas condensate in the upper zone.

A further increase of vertical resolution is only possible using
stochastic (geostatistical) methods.
Stochastic refinement of properties (as applied to Ip impedance)
PMLI inversion gave a seismic impedance resolution (dH) of 5-9
meters. The second part of the project was aimed at improving the
vertical resolution of the seismic impedance to 1-2 meters using
borehole data and stochastic methods. The stochastic or geostatistical
inversion is currently the main tool for improving vertical resolution
for a 3D study of reservoir property distribution. The input data
used for the stochastic refinement was: One volume of seismic
impedance; 4 wells with logging data; borehole measurement data
D3ln, D3rch, D3sm; and seismic horizon D3ln as a trend.
A structural model was also used in the stochastic inversion and
included a surface for the D3ln trend and a geological grid consisting
of two beds - D3rch and D3sm with a thickness (dH = 80 ms, dT
= 30 ms). The geological grid is displayed with a lateral cell size of
40x40 m. The vertical size is 0.2 ms and the total number of cells is
about 11 million. Seismic impedance in the form of a stratigraphic
grid was imported into a simulation package. A combined analysis of
the data was then conducted, and correlations between the seismic
impedance values in the D3rch and D3sm intervals in the 4 wells
were evaluated, showing an overall correlation coefficient of 0.9.
Fifty simulations (implementations) were performed using a variety of
methods, including a filling method, Sequential Gaussian Simulation,
Kriging, and Collocated Cokriging. The correlation coefficient,
0.6 with the seismic impedance, was used as a trend. Summary
variants of all simulations were also obtained for each cell based
on the average, median (optimum prediction), minimum (best-case
prediction) and maximum (worst-case prediction) values (Fig 3).

Fig. 4: Evaluation of vertical resolution of stochastic impedance made
in a stratigraphic grid in area of highest prediction probability

The local impedance quality control after the PMLI inversion and
stochastic refinement near an oil-saturated well (Fig. 5) also showed a
higher vertical resolution of the stochastic version of the impedance.

Fig. 5: Local impedance quality control after PMLI inversion and
stochastic refinement near an oil-saturated well. The depth of the
main oil-saturated interval is 4,300 meters.

Stochastic modeling was controlled using histograms of deviations
and a cube of standard deviations. A cube of the probability of
prediction allowed us to identify the most promising zones for
drilling at the final level of interpretation.

Conclusions

Fig. 3: Analysis of stochastic modeling results. Summary variants that
were adopted for the final analysis and prediction.

The main geological result of this field trial shows the ability
of the new inversion technology to improve the reliability of
oil saturation prediction in thin reservoirs and at great depths.
Such reservoirs are common in oil and gas deposits in the area
of Belarus. The results of this trial were considered when a well
placement was planned in a tectonically screened structure
discovered by conducting 3D operations in the northwestern
part of an area under study (Fig. 2). They will be used for future
drilling of production wells in the field.

pdgm.com
www.pdgm.com

