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Text...
Å The giant Johan Sverdrup Field was discovered in 2010, and improvement in seismic 

imaging played animportant role in it's discovery. 

ÅOnly one year before the discovery, PGS acquired on behalf of Lundin a new 3D seismic 
survey withGeostreamertechnology that provided broadband data and allowed a step 
change in imaging of the subsurface.

Å The usual seismic challenge ςhow to improve resolution,however, still remained. A 
quite extensive areashowsa thin reservoirbelow tuning thickness in the southern area 
of the field.

Å In this presentation we will have a closer look at the reservoir, both in the seismic time 
and frequency domain. In addition we demonstrate techniques that lead to a better 
understanding of the thin layer architecture.
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Text...

Å After this short introduction I will first review some basic principles and options for 
visualizing thin bedded resolution

ÅΧŀƴŘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ǇŀǊǘ Ǝƻ ǘƘǊƻǳƎƘ ǎƻƳŜpractical examples of visualizing internal 
ƭŀȅŜǊƛƴƎ ŦǊƻƳ ǿƻǊƪ ƛƴ ǘƘŜ WƻƘŀƴ {ǾŜǊŘǊǳǇ ŦƛŜƭŘΧ

ÅΧōŜŦƻǊŜ Ŧƛƴŀƭƭȅ ŎƻƴŎƭǳŘƛƴƎ ōȅ ŀ ǎƘƻǊǘ ǎǳƳƳŀǊȅΦ 

Next...
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Text...

Å Let me start with a simple wedge model to define tuning to illustrate a few aspects 
which are important for thin layering.

ÅWhen the wedge thins its reflections undergo interference and produce asingleeventof 
increasing amplitude, which is strongest at the tuning thickness.This is whenthe 
thickness is about one quarter of the dominant  wavelength.  In the case of Sverdrup 
reservoir, when the layer thickness is about 15 msec.

Å At a spacing greater than that, the event begins to be resolvable as two separate events
of which we can mapthe thickness. 

Å Below the tuning thickness we will also have a trough that follow a peak, but if we 
interpret theseas the top and base of the reservoir, we will overestimate the true 
thickness. Eventually, we will loose the signal due to noise, but in case we have a strong 
event we may easily over-predict thickness. 

Å Knowing the tuning thickness for the data we are working on is therefore very 
important.

ÅWell,there are several ways to recover thicknesses lower than the tuning thickness.For 
our work we used an approach that is based on an inversion of amplitude spectra and I 
will show you a few examples of this today

Å Next ǎƭƛŘŜΧ
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Text...  (shorter)

Å In seismic processing switching between time andfrequency domain is common, as we 
see different aspects in the different domains. When looking at a derived reflectivity log 
we notice that reflectivity is richer in high frequency (i.e. blue) whereas an impedance 
log is richer in lower frequencies (i.e. red). 

Å As the purpose of seismic is to image geology, it is therefore useful to represent the 
seismic with the color of the geology. 

Å In Blueing we aim to mimic the color of true reflectivity
Å In colored inversion we aim to mimic the red color of true acoustic impedance

Å So from the original seismic we construct two new volumes, one is the blued reflectivity, 
the other is Coloured Inversion, which provides a layer or impedance representation.

Å Another way to exploit the information in the frequency domain is to look at inference 
patterns. These patterns reveal geologic tuning and the wavelet overprint. 

ÅWe can remove the wavelet overprint and unravel the tuning, and then predict the 
layering fromthe interference patterns. 

Å This approach is called spectral inversion which we will comeback to.

ÅbŜȄǘ Χ 
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¢ŜȄǘΧ

ÅWhenexamining the frequency content in a short windowaround the layer of interest 
we see that in the zone of interest, signal exists in the frequency range from about 3-to-
80Hz. 

Å In the input data, the dominant frequency of the wavelet is ~15-to-25Hz,which means 
that the frequencies between 25Hz and 80Hz are under-utilized.

Å The good news is that we can remove the wavelet overprint to make full use of the 
available signal.

Å Next 
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Text...

Å Byremoving the wavelet overprint, we see the available signal even better. The ringing 
that we see beyond 80Hz tells us that it is mostly dominated by noise. We can modify 
άƻǳǊέ ǎŜƛǎƳƛŎ ǿŀǾŜƭŜǘ ǘƻ ǊŜǾŜŀƭ ƳƻǊŜ ƻŦ ǘƘŜ ǳǎŜŦǳƭ ōŀƴŘǿƛŘǘƘ ōŜǘǿŜŜƴ нр-80 Hz by 
ά.ƭǳŜƛƴƎέ ŀƴŘ ƛƴ ŜǉǳƛǾŀƭŜƴǘ ǿŀȅ ǘƻ ǊŜǾŜŀƭ ƳƻǊŜ ƻŦ ǘƘŜ ǳǎŜŦǳƭ ōŀƴŘǿƛŘǘƘ ōŜƭƻǿ т IȊ ōȅ 
ŀǇǇƭȅƛƴƎ ά/ƻƭƻǳǊŜŘ ƛƴǾŜǊǎƛƻƴέΦ

Å Unfortunately, we may not make use of it all, when bringing the signal back to the time 
section. Somewhere between 50-60 Hz we need to start weighting down the 
frequencies, otherwise we may introduce artifacts. One of these is: stronger side-lobes, 
which may or may not be an issues, contingent on the actual setting we are working in. 

Å An alternative to Blueing and Coloured inversion is to apply a 3-to-80Hz spectral 
inversion. So the question is: By using the entire signal bandwidth, can we obtain more 
details in our assessment ?

Next slide...
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Text... 

Å With spectral inversion the goal is to define layering from the available bandwidth of signal - in 
our case 3-to-80Hz).

Å To sample the spectral interference, we use many overlapping analysis windows of each is 
transformed from time to frequency. The three spectra you see in red, green and blue e.g. are 
obtained from such three overlapping time windows.

Å This process removes the wavelet overprint, such that the limits of resolution are no longer tied 
to the wavelet shape and dominant frequency. In theory, a layer as thin as a few meter may be 
predicted. 

Å We solve for soft and hard layer patterns that spectrally match each input time window. 
Subsequent analysis windows will overlap, providing us with overlapping solutions. See for 
example the layering solutions for the red, green and blue spectra. 

Å By summing the overlapping solutions, we obtain a confidence measure at each depth.

Å The spectral inversion output is then color-coded according to this confidence.

Å You may find any color code to represent this, for the following just note that we code the output 
from the spectral inversion as shown here: increasing from black to red and yellow for hard layer 
confidence and increasing from black to white and blue for soft layer confidence.

Next...
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(Animation is not correct yet!)

Text...

Å Thisslide summarizes what is available to us at this stage.

Å In the upper left image we have the data as handed over from processing.

Å Upper right is a blued version. We clearly reveal a lot of more detail.

Å Lower left is the Colored inversion. Its another aspect that presents the layers rather 
than layer boundaries as the reflectivity does.

Å The lower right corner shows the results from the spectral inversion. It provides also 
layering, but now not tied to the wavelet shape anymore. And as just pointed out, with 
red-yellow colors for hard and greyish-white for soft layers. And, I repeat, the color 
intensity is a measure of how well a layer is predicted

ÅWe are now provided with more datasets of different bias than just the single one we 
had before, and thus so better equipped for meeting challenges in the seismic 
interpretation.

Å NextΧ 
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Text...

Å But let me now lead you through a few examples andhave a closer look what we can 
achieve with this equipment when we are faced with the problem of a gradually thinning 
reservoir as we find it in parts of the southern Johan Sverdrup field.

Å Here we find a thin reservoir container, mostly below 15 millisecond, which is about the 
temporal thicknessor limit of what our input data are able to resolve.

ÅOur input is good quality pre-stack depth migrated data from Statoil, and the section we 
follow is intersectingfive wellsfrom well A to E.

Å Top and base of the reservoir container are marked by yellow and light blue lines. They 
enclose the Jurassic Viking Group which here consists of the non-reservoir Draupne 
shale and underlying proper reservoir,the Draupne sandstone. 

Å Along the section the thickness of the reservoir container gets continuously thinner, 
from well A where it is still thick enough to become above tuning thickness to wellE 
where it is at its thinnest.

Å For a better understanding of what I am going to show, I should also mention that the 
rocks above and below are in general of higher acoustic impedance, i.e. they are harder 
than the Draupne shale and sandstone.

Next...
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