


Reservoir Management

Figure 4: 4D di erences in
inline, crossline, and time-
slice dimension, zoomed to
target area. The left side of
the crossline images on the
streamer data is in uenced
by migration aperture

from the platform hole.
Broadband and OBC dataset
show better continuity and
amplitude discrimination of
the 4D e ect than the non-
deghosted data.

target area from the 2019 vintage. Corresponding amplitude
spectra are also shown. GeoStreamer broadband data has
considerably higher amplitudes at 0-16 Hz, but all spectra
converge at higher frequencies. Amplitude balancing boosts
the high frequency end of spectra and scales down the area
of 10-15 Hz to make it more comparable to non-deghosted
streamer. However, when assessing the 4D di erences
(Figure 4), the amplitude scaling did not add useful
information but boosted the background noise.

Figure 4 shows 4D di erences in inline and crossline
sections through the target area. Overall, 4D e ects in each
comparison are similar and match the well production
history: the Shetland Formation (light green) near wellbore
pressure build-up e ect between 2016 and 2019 results in
acoustic softening. is 4D e ect, positioned slightly on the
side of the well, is mainly observed in the inline direction.

66 GEUEXProNovember2020

e 4D e ect in the Cook Formation (white) is dominated
by a pressure reduction with expected hardening of the
4D signal. is can be seen in both inline and crossline
directions.

When comparing 4D signal in the crossline direction
between the OBC and streamer data (Figure 4), we observe
the expected contribution of the platform hole. e OBC 4D
e ect is more continuous and coherent than the streamer
data. However, the broadband data (Figure 4, rows 2 and
3) show better continuity, similar to the OBC extent of the
hardening at the Cook level, than on the non-deghosted
streamer data (Figure 4, row 1). e broadband dataset
without additional amplitude scaling (Figure 4, row 2)
gives better amplitude discrimination of the 4D e ect,
lower background noise, and brighter and more isolated
amplitudes of the 4D e ects on the Cook Formation. is

is also supported by the NRMS and amplitude
scaler target window attributes, shown on Figure 5.
e 4D signal in the inline display also looks more
continuous on the broadband data at the Shetland
level and is comparable to the OBC data.

Overall, at this stage, we observe good continuity
and improved resolution in the broadband data.
Improvement of the ne details and reduction in
the 4D noise increases con dence in the 4D results.
Minimising the uncertainty of the reservoir models
can help to improve the production plan.

Future Strategy
e current Gullfaks licence period continues to
2036. Future eld plans include further development
and maturation of the gas and oil reserves. e
Gullfaks 4D strategy aims to acquire a new seismic
survey every three years, to validate and monitor the
existing reservoirs and to nd new targets or bypassed
hydrocarbons.

More work is needed to fully understand the
bene ts and take advantage of the broadband 4D data
on the Gullfaks eld. However, a conclusion can be
made that availability of modern, high quality seismic
data enables more thorough analysis and provides
new insights into this established area. Employing
up-to-date acquisition and processing technologies,
including broadband solutions, sets a path towards
future high-resolution 4D projectsm

Figure 5: RMS scaler and NRMS for non-deghosted and broadband dataset,
showing the broadband dataset gives lower background noise and brighter
and more isolated amplitudes of the 4D e ect.
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