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Summary

Seismic diffraction imaging (D) is applied to the Barents Sea Wisting field, using the velocity and reflection dip
fields obtained from a legacy PSDM. The objective is to image steeply dipping faults. The fault definition obtained
from the DI is compared to the legacy PSDM and also to a high resolution P-cable survey. The improved resolution
and detectability of the fault systems by DI offer a significant added value for interpretation of the legacy PSDM
as well as the P-cable.
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I ntroduction

This paper details the seismic diffraction imagwofgthe Wisting discovery located in the
Barents Sea Hoop-Maud basin, at a water depth O6f #0and a reservoir depth of
approximately 250m below seabed. This field featarevide range of challenges and as such
has attracted the application leading technologresis known in the industry as a “seismic
laboratory” (Veire et al. 2016). This comprise alevrange of data; such as 3D seismic data,
extensive 2D site survey data, an extensive wglislaite and 3D CSEM data. To be able to
further mature the Wisting discovery towards fidil/elopment, improved ability to perform
detailed reservoir characterization and a betteletstanding of the reservoir architecture is
considered crucial. To achieve this, OMV and thetrgais acquired a new ultra-high
resolution seismic dataset (P-cable) in 2016 (Gamteal. 2017 and Moskvil et al. 2018).
The discovery is heavily compartmentalized by camnmntary sets of steeply dipping NW-
SE and NE-SW trending faults. The objective of Bleis to extend the seismic resolution
and detectability limits of the faulting at reseindevel and the extension of these faults into
the overburden. The DI was conducted on the coromailtdata and using the higher fault
definition of the broadband P-cable data as an itapbreference for validation.

In comparison to conventional PSDM, the diffractioraging provides significant additional
resolution of sub-wavelength scale features as agelh fundamental advantage in terms of
illumination for steeply dipping features (MoserdaHoward 2008). In our workflow, the
diffraction imaging is carefully calibrated to inpeetation objectives — we refer to this as
Customization to Interpretation (CTI). At all stagef the imaging workflow, the legacy
PSDM and broadband data and intermediate DI reautsjuality controlled and carefully
calibrated in the interpretation environment. Theetlpretation workflows for DI are
fundamentally different from those of conventiorsgismic attributes derived from post-
migration post-stack PSDM data. This is becausedifieaction image is a wavefield, as
opposed to an attribute, and provides a unique afdyresnel zone sampling of subsurface
features of various scales.

Imaging Wor kflow

The DI workflow consists of the following steps:Reflector dip extraction from the legacy
PSDM by least squares dip estimation. 2. PSDM \pdhtial migration output sorted into
specularity gathers. This step involves specifioiods in order to ensure an optimal
preservation of diffraction content. 3. Taperingd astacking the specularity gathers. The
specularity taper design involves a careful samgptihthe Fresnel zone and selecting which
part of the Fresnel zone should enter into theratiffon image. This process is closely
calibrated by the customization to interpretati@Tk). In this paper, DI a#&° stands for DI
tapered at angle®, full specularity stack refers to the untaperetis which is equivalent to
normal PSDM (details and further references ind3adr et al., 2017).

Results

The DI has provided an uplift in the overburden atdhe reservoir level. This includes
iceberg plough marks and polygonal faulting in ¢verburden and extensive faulting at the
reservoir level. At a depth of around 500m TVDSSemeounter a very complex system of
polygonal faulting (as detailed by Ostanin et2012). Whereas this is clearly imaged by the
P-cable data, the signature of this faulting issab®n the legacy PSDM as shown in Figure
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1. The specularity tapers applied to the legacy thaing out details that are comparable to
the P-cable albeit with a lesser inherent resatutibhe uplift in resolution is due to two
considerations: the re-parameterization with respespecularity as opposed to offset, and
the calibrated suppression of reflectivity. Thd gecularity stack primarily includes the re-
parameterization and shows the polygonal faultimgnizined with reflectivity. This
reflectivity is then suppressed in the DI taperjolhalso shows improved definition of the
faulting.

Figure 1 Polygonal faults at depth 508 m TVDSS. a) P-cREBM, b) legacy PSDM, c) full
specularity stack, d) DI at 16°.

The legacy and P-cable PSDM are shown in Figulergjawith the DI at 32° as both a semi-
transparent overlay and as diffraction fault likelbd (DFL) derived from the same DI
amplitudes. DFL is a thinned fault likelihood siarilto that described by Hale (2013).
However, instead of being derived from semblanbé is derived from the diffraction
amplitude peak or trough distribution (trough arygle in this case). The semi-transparent
overlay clearly shows the steeply dipping faults vasll as their extension into the
overburden. This provides a distinct uplift in fadéfinition for both the legacy and P-cable.
The DFL has correctly placed many of the fault paand has the advantage of being
derived directly from the diffracted wavefield apposed to a post-stack post-migration
attribute.

The DFL consists of three properties: likelihoadike and dip. These can be filtered to pick
up specified trends and remove outliers; in Fig2reve display the raw DFL. The same
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applies to the depth slices in Figure 3 where Dé-bverlain on the semblance of the P-cable
and on the legacy PSDM amplitude. Essentially, D¢ captures all of the main features

shown on the P-cable semblance, which has inhgrhigher resolution than the semblance
of the legacy PSDM. Some acquisition footprinti®aicked up by the DFL that needs to be
discarded. In places, the DFL derived from DI oé flegacy data adds to the fault detail
provided in depth slices by P-cable semblance.

[“lﬂ il “lg':‘ fq 46 \ L }
Figure 2 Section over reservoir target a) Legacy PSDM Phjable PSDM, c) DI at 32° overlain on

legacy PSDM , d) Diffraction Fault Likelihood (DFbyerlain on legacy PSDM.

Conclusions and Recommendations

DI derived from the Wisting field legacy data prdes a significant uplift in fault definition not kyn
for the legacy data. A polygonal fault system ia tiverburden, that is visible in P-cable but net th
legacy PSDM, is nevertheless brought out by th&adifion imaging of the legacy data. Iceberg
plough marks are also uncovered by the DI.

The fault definition at reservoir level is cleaityproved by the DI bringing it to a level compambl
with P-cable PSDM. The DI also serves to detailupe/ard extension of faulting from the reservoir
level into the overburden. The quality of the faahiaging is sufficient to support the derivation of
diffraction fault likelihood which compares veryvfarably with the semblance derived from the P-
cable.

The availability of the P-cable data in the Wistitegismic laboratory” provides an outstanding
opportunity to validate the DI results and dematstrits remarkable potential for improved
detectability and resolution. This gives us conificketo push for DI not only in the presence of good
quality seismic but also in challenging settingghwéomplex geology that often results in lower
quality refection seismic images.
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Figure3 Depth slice at 750 m TVDSS. a) Semblance frontyeB8DM, b) Semblance from P-cable
PSDM, c) Legacy PSDM with DFL overlain. d) Sembéafiom P-cable PSDM with DFL overlain
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