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ABSTRACT 
 

Reprocessing of Marine Reflection Seismic Data from Skåne, Sweden 

Charlotta Carlsson 

 
During 1979, an oil prospecting project was initiated in the south of Sweden, outside the coast of the 

municipality of Skåne. No drilling program was initiated, and the project was put on ice. However, 

with the oil prices of today and the interest in carbon dioxide storage, the area could once again be 

interesting. 

    In this thesis, 3 seismic lines have been reprocessed with new software, Claritas, in an attempt to 

obtain information of the area. The thesis is also thought of as an easy to read tutorial as to how oil 

prospecting works.  

    The result of the reprocessing showed that the new software could reduce multiples and high- and 

low frequency noise with an fx-decon filter.  
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SAMMANFATTNING 

 
Omprocessering av data från marin reflektionsseismik i Skåne, Sverige 

Charlotta Carlsson 

 
Under 1979 inleddes ett projekt med oljeprospektering utanför Skånes kust i södra Sverige. Inget 

borrprogram initierades och projektet lades ned. Med dagens oljebrist och intresset för 

koldioxidförvaring så skulle området än en gång kunna vara intressant.  

    I detta examensarbete har därför 3 seismiklinjer omprocesserats med ny programvara, Claritas, i ett 

försök att förbättra vår bild av detta område. Examensarbetet är även tänkt att fungera som en 

inledande litteratur om hur oljeprospektering fungerar.  

    Resultatet av omprocesseringen av seismikdatat visade att man med den nya programvaran kunde 

reducera multipler och hög- och lågfrekvent brus med ett fx-decon filter.   
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1    INTRODUCTION 
Marine seismic surveying involves discharging a powerful sound source in the ocean and then 

recording the 'wiggle traces' - the captured returns of the sound waves that penetrate the crust of the 

earth. 

    With today’s modern technology seismic sections can be produced to reveal details of geological 

structures on scales from the top tens of metres of drift to the whole lithosphere. While seismic 

exploration is used in both engineering and science with great success, the main usage of the method is 

in the oil and gas industry.  

    The objective of this thesis is both reprocessing of old data and an attempt to show the reader how 

processing seismic data works and how the different steps in the processing flow work. 
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2    BACKGROUND 
The data reprocessed in this thesis were collected in the 1970´s. Offshore seismic profiles were 

acquired in southern Sweden (Skåne). At the time the goal was to find hydrocarbons. No vast amounts 

of petroleum was found, thus the area was not further investigated. However, with today’s discussions 

about possible storage sites for carbon dioxide the area is once again interesting. Above all oil 

reservoirs there must be an impermeable cap to prevent the oil from leaking. The area of investigation 

contains numerous sandstone formations at a great depth and with high porosity. The same criteria are 

also valid for CO2-storage sites. 

    The purpose of this report is to reprocess some of the data acquired in the 70´s.  Using a new 

processing program, Claritas, offshore lines 216, 217 and 207 were reprocessed. Problems with past 

software were difficulties to reduce random and coherent noise, and bad resolution. The aim is to 

improve the results by applying standard processing steps to produce migrated stacked sections for 

every line. 
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3    THEORY 
3.1    Reflection seismics 

The earth is often layered. It is composed by layers of rocks with different lithology and physical 

properties. In seismics, rock layers are defined by the densities and velocities with which seismic 

waves propagate through them. Seismic impedance is the product of these two. When executing a 

seismic survey, geophones record seismic energy pulses that are reflected from sub surface interfaces. 

The travel times are measured and estimations of depth to the reflector can then be made. 

    Seismics is the main method in oil and gas exploration and production for imaging petroleum traps. 

The method for imaging is wave propagation. Waves that propagate through the sub surface are 

generated. When a wave encounters an interface with significantly different physical properties a 

fraction of the generated energy is reflected towards the Earth’s surface. The remaining energy is 

transmitted to the next interface. The reflections are recorded by so called hydro/geophones. By 

moving the source of these waves, a model of the subsurface can be obtained.  

 

3.2    Petroleum traps 

Petroleum traps large enough for commercial use are almost exclusively found in sedimentary rocks, 

where subsurface geometries of strata stop the upward migration of the petroleum. A requirement for a 

commercial accumulation of petroleum in an impermeable cap rock. This seals the petroleum and 

prevents it from moving upward. They can be classified in three groups: 

1) Structural traps, caused by folding or faulting 

2) Diapir traps, caused by extraordinary differences in densities of materials 

3) Stratigraphic traps, caused by variation in sedimentation or erosion 

In all the cases above the fault plane and/or shale that overlay the reservoir constitutes the seal as can 

be seen in figure 1, 2 and 3. 

    One of the most effective processes in nature for the trapping of oil and gas is the piercing of strata 

by salt domes. Bedded rock salt is a good seal in some petroleum-rich basins. Many of the petroleum 

accumulations around the world are trapped in salt-related structures.  
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Figure 1. Examples of Stratigraphic traps: A indicates a reef; B indicates barrier-bar sandstone; C indicates 

channel-fill sandstone; D indicates an onlap sandstone trap; E indicates a trap owing to truncation of a limestone 

reservoir beneath a regional inconformity.  (Adapted from Selley, 1983) 

 

 
 
Figure 2. Sketch cross-sections of different types of faults: (a) Reverse fault caused by compression. (b) Normal 

fault produced by extension. (c) Growth fault, with rollover anticline. (Adapted from Ikelle and Amundsen, 

2005) 
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Figure 3. Sketch cross-section showing some types of traps commonly associated with diapirs. S indicates salt; 

P indicates accumulation of petroleum. (Adapted from Selley,1983) 

 

3.3    Carbon dioxide storage 

For carbon dioxide to be stored in the bedrock the geological formation must have both a large 

porosity and permeability. These requirements make sedimentary rocks most suitable. Best is 

formations made of sandstone that are located at depths greater than 700-800 metres. Below this depth 

the pressure is large enough for the carbon dioxide to be able to be stored as a fluid. Another 

requirement is that there is solid bedrock above the storage site, e.g. clay, muddy calcium oxide or 

shale. The site can not be surrounded by faults or crushed zones that can lead to leakage. An advantage 

is if the place of storage is in an impermeable structure that prevents the carbon dioxide from leaking.  

When oil- and gas-fields run out, these can be used as storage sites. There are major advantages, the 

geology is well known and the costs for exploitation are slim. There are, however, some disadvantages 

as well, pressure changes from previous work might have altered the bedrock and thus the site might 

not be impermeable. 

    In Sweden there are two potential areas that could be suitable for CO2-storage, see figure 4. One is 

south of Gotland where oil has been found in sandstone formations, the porosity could be varying 

though. The other one is southwest Skåne, and adjacent sea areas, i.e. in the area of interest in this 

paper. Here there are numerous sandstone formations at a great enough depth and with high porosity. 
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Figure 4. Map showing potential storage sites (green colour) for CO2 in Sweden. (Adapted from www.sgu.se) 

 

3.4    Acquiring marine seismic data 

Marine data is usually collected using a simple but effective method called multi-channel reflection 

profiling. A marine seismic source is towed behind a survey vessel firing shots at a fixed rate. The 

generated signals are then reflected on the sea floor and underlying layers of rocks and sediments. 

These are recorded by a hydrophone streamer, either located on the same vessel as the source or towed 

behind another boat. The outputs of the individual hydrophone elements are summed and fed to a 

single-channel amplifier/processor unit and then to a chart recorder. 

The main characteristics of towed-streamers acquisition are: 

1) Sources and receivers are in the water. Thus, no shear waves are generated, only p-waves. The 

physical quantity measured is pressure, the acceleration of the fluid medium. Because pressure 

is nondirectional, a hydrophone´s output is independent of wave direction 
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2) Towed-streamer acquisition is a roll-along experiment. After each shot, the lines of receivers 

are moved together to another appropriate location, and the source is fired again 

3) The configuration of receivers and sources is called an off-end spread, all the receivers are 

located on one side of the shot point. 

 

3.5    Categorization of waves 

An event is formed by coherent seismic energy corresponding to one of the wave types that travel 

from source to receiver. These events can be grouped into six categories: 

1) Direct waves: The expanding energy that moves from the source to the receiver without 

reflection with any interface is called a direct wave, it has a linear moveout when sources and 

receivers are at almost the same depth. 

2) Primaries: The seismic events that reflect or diffract only once in the subsurface are called 

primaries. Present seismic-imaging schemes assume that the data contain primaries only, and 

removing other events is one of the most challenging steps in seismic-data processing. 

3) Source ghosts: Energy that does not travel into the ground but up to the free surface are called 

source ghosts. A source ghost is associated with each seismic event and are almost 

indistinguishable from the primaries themselves when the sources are close to the free surface, 

as they are in marine seismics. In practice, source ghosts are generally treated as a component 

of the source signature because they are indistinguishable from events associated with them. 

4) Receiver ghosts: Events whose last bounce is at the free surface are receiver ghosts. These are 

treated as part of an effective-source signature that considers the effect of the ghosts. 

5) Free-surface multiples: Every discontinuity encountered by a progressing wave gives rise to 

reflected and transmitted waves. Seismic data thus contain contributions from waves that have 

not only travelled the direct primary path from shot reflector to receiver, but also from those 

travelling all possible paths. Free surface-multiples are generally distinguished by the number 

of bounces at the free surface. 

6) Internal multiples: These are seismic events with a bounce between two interfaces, but not at 

the free surface. Their amplitudes are usually quite small compared to primaries.  

3.6    The processing flow 

Seismic processing be seen as a flow. The data is trickled through a series of individual processing 

steps. These steps involve filtering or gain control which acts on a single trace at a time. Or can be like 

stacking, trace mixing, or migration, which acts on a group of traces simultaneously, and transfer of 

information from one trace to the next. Some methods are linear, and thus the order in which they 

appear in the flow can be changed. Some are non-linear, and therefore the results can depend strongly 

on the order in which the processing elements are applied.  
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3.6.1    Pre-processing 
During acquisition, the field data is recorded in a multiplexed mode and is first demultiplexed. This 

can be seen as transposing a big matrix so that the columns of the resulting matrix can be read as 

seismic traces recorded at different offsets with a common shot point. After this the data are converted 

to a format that is used throughout the processing. A common format used in the seismic industry is 

SEG-Y. 

Trace editing is a part of preprocessing. Noisy traces, traces with transient glitches or monofrequency 

signals are deleted and polarity reversals are corrected. In very shallow marine data, the guided waves 

travel horizontally within the water and do not contain reflections from the substratum, thus they are 

muted.  

    Most marine data are contaminated by swell noise and cable noise. These types of noise carry very 

low frequency energy but can be high in amplitude. This noise can be recognized by a distinctive 

linear pattern and by vertical streaks. These noises can be removed by low-cut filtering. 

    Another part of pre-processing is correction for spherical divergence. Wave energy decays as (1/r2) 

where r is the distance from the source to the wave front, while amplitudes decay as (1/r). Thus, a gain 

recovery function must be applied to the data to correct for this. This amplitude correction should be 

made dependant on a spatially averaged velocity function, which is associated with primary reflections 

in a particular survey area. In addition to this an exponential gain function may be used to compensate 

for attenuation losses. 

    The last step in preprocessing is merging the field geometry with the seismic data. This precedes 

any gain correction that is offset dependent. Coordinates of shot and receiver locations for all traces 

are stored on trace headers. 

 

3.6.2    Deconvolution 
Deconvolution is also called inverse filtering. It is used to increase resolution and yield a more 

interpretable seismic section. Deconvolution compresses the basic wavelet in the recorded seismogram 

and attenuates reverberations and short-period multiples. It is a process that counteracts a previous 

convolution. This means that instead of mixing two signals like in convolution, we are isolating them. 

For example, when given a convolved signal y(t) =x(t) *h(t) the system should isolate the components 

x(t) and h(t) so that we may study each individually. An ideal deconvolution system is shown in figure 

5.   

 
Figure 5. An ideal deconvolution system. (Piotrowski, Zbigniew & Lenarczyk, Piotr, 2017) 
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One can look at the recorded seismogram as having been filtered by the earth or the recording system. 

Deconvolution will undo the effects of these filters.  The difficulty in designing an inverse filter is that 

we do not know the properties of the filter whose effects we are trying to remove. A more realistic 

convolutional model of the recorded seismogram would mathematically be given by: 

( ) ( )* ( ) ( )x t w t e t n t= +   (Eq 1) 

Where x (t) is the recorded seismogram, w (t) is the basic seismic wavelet, e (t) is the earth’s impulse 

response, n(t) is the random ambient noise, and * denotes convolution. 

When a seismogram is recorded none of its components is normally known. All the information we 

have is in the recorded seismogram. The earth’s impulse response must be estimated, we only have 

this information at the location of wells with good sonic logs. The source waveform w (t) is mostly 

unknown, however sometimes we know the source initial waveform. Finally, we have no information 

as what the ambient noise looks like.  

    In the case of the earth the deconvolution takes on a statistical nature. The needed information 

comes from an autocorrelation of the seismic trace. Because the embedded wavelet from the source is 

repeated at each reflecting interface, this repetition is captured by the autocorrelation and used to 

design the inverse filter. If the assumption that reflectivity is a random process is made it can be 

assumed that the seismogram has the characteristics of the seismic wavelet in that their 

autocorrelations and amplitude spectra are similar. Thus, the autocorrelation of the seismogram, which 

is known, can be substituted for the autocorrelation of the seismic wavelet, which is unknown. As a 

result, an inverse filter can be estimated directly from the autocorrelation of the seismogram.   

    Because both low- and high-frequency noise and signal are boosted, the data often need filtering 

with a wide band-pass filter after deconvolution. 

 

3.6.3    CMP Sorting 
To perform coordinate transformation between shot-receiver coordinates, which the data is often 

acquired in, and midpoint-offsets, which the data conventionally is processed in, the data is sorted into 

CMP gathers. Based on the field geometry information, each individual trace is assigned to the 

midpoint between the shot and the receiver. Locations associated with that trace. Those traces with the 

same midpoint location are grouped together, forming a CMP gather. Worth noting is that a CDP 

(common depth point) gather is only equivalent to a CMP gather when reflectors are horizontal and 

velocities do not vary horizontally. However, the term common depth point and common mid point 

are often used interchangeably. 

Figure 6 illustrates the concepts of different gathers. 
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Figure 6. Various forms of trace gathers in seismic reflection (Stein and Wysession, 2003). 

 

For most recording geometries, the fold of coverage f for CMP stacking is given by 

2

g

f

g

s





=


 (Eq. 2) 

Where g and s are the receiver-group and shot intervals, respectively, and g is the number of 

recording channels. 

 

3.6.4    Velocity analysis 
Multifold coverage with nonzero-offset yields velocity information about the subsurface and provides 

and improves signal-to-noise ratio. Velocity analysis is performed on selected CMP gathers or groups 

of gathers. The output from one type of velocity analysis is a table of numbers as a function of velocity 

versus two-way zero-offset time. The velocity functions picked at analysis locations are spatially 

interpolated to create a velocity field as shown in Figure 19. 

    Red in the shallow portion and blue in the deep portion of the section correspond to low and high 

velocities, respectively. 

 

3.6.5    Normal-Moveout Correction 
Normal move out correction is the delay in reflection arrival times when geophones and shot points 

are offset from each other. 

    When performing NMO of CMP gathers the velocity field is used. Based on the assumption that, in 

a CMP gather, reflection travel times as a function of offset, follow hyperbolic trajectories, the process 

of NMO correction removes the moveout effect on travel times. As a result of moveout correction, 

traces are stretched in a time-varying manner, causing their frequency content to shift toward the low 

end of the spectrum. Frequency distortion increases at shallow times and large offsets. To prevent the 

http://www.glossary.oilfield.slb.com/Display.cfm?Term=reflection
http://www.glossary.oilfield.slb.com/Display.cfm?Term=arrival
http://www.glossary.oilfield.slb.com/Display.cfm?Term=offset
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degradation of especially shallow events, the amplitudes in the distorted zone are muted before 

stacking.  

 

3.6.6    CMP Stacking 
After normal moveout correction all the traces will have the same reflected pulses at the same times, 

but different random and coherent noise. Combining all the traces in a CMP together will average out 

the noise and increase the signal-to-noise ratio (SNR). This process is termed stacking. 

 

3.6.7    Post stack Processing 
After stack, migration must be applied. Before that, a more robust band pass filter and deconvolution 

may be applied since the signal to noise ration has been increased through stacking. A typical post 

stack processing sequence includes: 

1) Deconvolution after stack: Restores high frequencies attenuated by CMP stacking. Also 

effective in suppressing reverberations and short-period multiples. 

2) Time-variant spectral whitening: Further flattens the spectrum and accounts for the time-

variant character of the source waveform. 

3) Time-variant band-pass filtering removes noise at the high- and low-frequency end of the 

signal spectrum. 

4) Attenuation of random noise that is uncorrelated from trace to trace. 

5) Amplitude compensation function that is constant from trace to trace. A slow time-varying 

gain function that amplifies weak late reflections without destroying the amplitude 

relationships from trace to trace that may be caused be subsurface reflectivity. 

 

3.6.8    Migration 

Migration is the process of reconstructing a seismic section so that reflection events are repositioned 

under their correct surface location and at a corrected vertical reflection time. Before migration each 

reflection event is mapped directly beneath the mid-point of the appropriate CMP gather. However, 

the reflection point is located there only if the reflector is horizontal. In the presence of a component of 

dip along the survey line the reflection point is displaced in the up-dip direction. In the presence of a 

component of dip across the survey line the reflection point is displaced out of the plane of the section. 

Migration of 3D data removes these phenomena.  

    Migration also improves the resolution of seismic sections by focusing energy spread over a Fresnel 

zone and by collapsing diffraction patterns produced by point reflectors and faulted beds.  
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4    GEOLOGY OF THE AREA 

 

4.1    The geological time scale 

The geological time scale is used by geologists and other scientists to describe the timing and 

relationships between events that have occurred during the history of the Earth. It can be seen in Table 

1. 

Table 1. The geological time scale. 

Eon Era Period 
Age at Base* 

(start) 

Phanerozoic 

Cenozoic 
Quaternary 1.6 Ma 

Tertiary 65 Ma 

Mesozoic 

Cretaceous 140 Ma 

Jurassic 205 Ma 

Triassic 250 Ma 

Paleozoic 

Permian 290 Ma 

Carboniferous 355 Ma 

Devonian 410 Ma 

Silurian 438 Ma 

Ordovician 510 Ma 

Cambrian 540 Ma 

Precambrian 
Proterozoic 

Vendian 680 Ma 

 2500 Ma 

Archean 3960 Ma 

Hadean 4550 Ma 

* Ma = million years ago 

 

4.2    Geotectonic setting 

The area of investigation is located in southern Sweden, outside the region of Skåne. It is located on a 

large-scale dextral strike-slip system of the Tornquist Zone and in the Fennoscandian Shield, which 

forms the north-westernmost part of the East European craton and constitutes large parts of Finland, 

NW Russia, Norway, and Sweden. 

    The Tornquist Zone is one of the most important tectonic elements in the structural plan of Europe. 

It extends over a distance of about 2500 km from the Black Sea in the southwest the North Sea in the 

northwest. The composite fault zone separates the stable Baltic shield-East European Platform to the 

northeast from the Northwest European Craton to the southwest. The Tornquist Zone is divided into 

the Fennoscandian Border Zone to the northwest and the Teisseyre-Tornquist Zone to the southeast 

and bears evidence of a complex structural history since late Palaeozoic times.  

http://en.wikipedia.org/wiki/Geologist
http://en.wikipedia.org/wiki/History_of_the_Earth
http://www.es-designs.com/geol105/timescale/phanerozoic.html
http://www.es-designs.com/geol105/timescale/cenozoic.html
http://www.es-designs.com/geol105/timescale/quaternary.html
http://www.es-designs.com/geol105/timescale/tertiary.html
http://www.es-designs.com/geol105/timescale/mesozoic.html
http://www.es-designs.com/geol105/timescale/cretaceous.html
http://www.es-designs.com/geol105/timescale/jurassic.html
http://www.es-designs.com/geol105/timescale/triassic.html
http://www.es-designs.com/geol105/timescale/paleozoic.html
http://www.es-designs.com/geol105/timescale/permian.html
http://www.es-designs.com/geol105/timescale/carboniferous.html
http://www.es-designs.com/geol105/timescale/devonian.html
http://www.es-designs.com/geol105/timescale/silurian.html
http://www.es-designs.com/geol105/timescale/ordovician.html
http://www.es-designs.com/geol105/timescale/cambrian.html
http://www.es-designs.com/geol105/timescale/precambrian.html
http://www.es-designs.com/geol105/timescale/proterozoic.html
http://www.es-designs.com/geol105/timescale/vendian.html
http://www.es-designs.com/geol105/timescale/archean.html
http://www.es-designs.com/geol105/timescale/hadean.html
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Since the Palaeozoic, Scania has acted as a buffer zone between tectonically active regimes and the 

relatively stable plate Baltica. The early Palaeozoic passive margin of Baltica was caught up by the 

Caledonian orogeny in the Early Silurian with the collision of Eastern Avalonia. The effects of this 

collision were felt throughout the Silurian. Palaeozoic strata formed a marginal Caledonian thrust belt 

bounded north-eastward by the Caledonian Deformation Front. Erosion of the rising Caledonides led 

to the deposition of Upper Silurian clastics in older sediments that covered the Precambrian basement 

of Baltica. The Tornquist Zone developed out of a WNW-widening splay of deep faults branching off 

the Avalonian-Laurussian suture in Poland and segmenting the late Silurian foreland basin. This 

structural lineament has been active since the Carboniferous time.  

    The northwest segment of this lineament has been postulated as the south western border of the 

Baltic Shield and is more widely known as the Fennoscandian Border Zone. To the south of the 

Tornquist Zone the development of Palaeozoic strata is almost identical in thickness, lithostratigraphic 

characteristics and faunal content, especially in the Lower Cambrian. 

    It can be assumed that the crystalline basement southwest of the STZ is of the same 

Sveconorwegian age as verified by datings on the Danish mainland.  

    In, and around the area, several sedimentary basins have developed and been active at various times. 

Within these basins there are up to 3500 meters of Early Palaeozoic, Mesozoic and Cenozoic 

sediments preserved.  

    The lower Palaeozoic sedimentary sequence in the Baltic Shield area begins with the Lower 

Cambrian sandstone in general. This sandstone can be up to 150 m thick and rests on Precambrian 

crystalline basement. It is overlain by the black shales of the Middle Cambrian-lower Ordovician 

Alum Shale Formation, which is 10-150 m thick.  

    Overlying Ordovician and Silurian deposits reflect increasing water depths towards the Caledonian 

deformation front. Several kilometres of predominantly shaly deposits have been reported on the 

southern and western margins of the Baltic Shield.  
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Figure 7. Bedrock in the area (Adapted from Loberg,1999). 
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5    DATA ACQUISITION DETAILS 
 

The data acquisition details can be found in table 2 below. See figure 8 for location of the 

survey area. The red lines illustrate profile 207, 216 and 217.  

Table 2. Data acquisition details. 

Data Description 

Data shot April-May 1979 

Recording instruments DSS v, DFS v 

Recording filters (high) High cut filter and slop 128 Hz 72 db/oct 

Recording filters (low) Low cut filter and slop 8 Hz 18db/oct 

Digital format SEGY-C 

Record length/Sample rate 3 seconds at 2ms sample rate 

Energy Source 2000 ps or CU.IN Airgun 

Distance-Source nearest group 200 m 

Shot point interval 50 m 

Cable length 1200 m /24 sections 

Type of cable Prakla HSSn 

Cable Depth 8-10 m 

Hydrophones in section 64 hydrophones in sections 

 
Figure 8. The survey area (Adapted from Erlström and Sivhed, 2012) 
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6    PROCESSING SEQUENCE AND PARAMETERS 

APPLIED 
 
The different profiles 207, 216 and 217 were processed in a somewhat similar way. The processes 

applied were the same, though some Deconvolution parameters were different.  

    The following tables show the parameters applied to the processed profiles. A brief description of 

the processes used, and how they work in the Claritas software is presented in appendix A. The dwf-

files used for deconvolution can be studied in appendix B. 

Table 3. Processing parameters for profile 207, 216 and 217. 

Function Parameters 

Spherical divergence Applied using the velocity field produced in the velocity analysis 

Band Pass Filter Low cut: 10 20 [Hz] High cut: 100 140 [Hz] 

Predictive Convolution Max filter length: 400  

Max gap length: 100  

Percentage white noise to be added: 0.1  

See appendix for dwf-file 

Automatic Gain Control Window length: 500 ms, Type: normal 

Surgical mute Remove water wave 

Normal Move Out Applied using the velocity field produced in the velocity analysis  

Percentage stretch mute: 50 

Stretch mute taper length: 20 

Stack Maxfold: 24 traces/cdp 

Psdecon Number of traces to mix the autocorrelation over: 21 

Start of design gate window: 250 

End of design gate window: 1500 

Filter length: 250 ms 

Constant gap length: 14 ms 

Percentage white noise to be added: 0,1 

Balance Power: amplitude 

Fxdecon Filter length in traces: 60  

Number of traces to filter at a time: 100  

Length of overlap between panels: 6 traces 

Length of sliding time window to process at a time: 100ms 

Length of overlap between windows: 20 ms 

Migration Number of traces to be migrated: 1400 

Distance between traces: 10 

Time slice to be migrated at a time: 100 ms 

Dip filter factor: 0,707 ( = 45 degree migration) 

Scalar: 0,9,  

Smoothed velocity file used 
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7    RESULTS 
 
This section presents the results of the different processing steps carried out to improve the stacked 

sections made in the 70´s.  The following pages also present a more visual result on as how the 

different processes work.  

    The order of the figures will be the same as in the description of the flow above.  

 
Figure 9. Shot gathers from profile 207 without any processing applied. The x and y-axis show the channel 

numbers and the two-way travel time respectively.  

 
Figure 9 shows shot gathers from profile 207 without any processing applied. Much noise and 

unwanted reflections are present. A, in the figure, represents high and low frequency noise produced 

by the water wave. The events indicated as B show multiples. C is low-frequency noise.  
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Figure 10 Shot gathers from the line 207 after applying spherical divergence and bandpass filtering. The x and 

y-axis show the channel numbers and the two-way travel time respectively. 

The primary reflection amplitudes are corrected for wave front divergence though at the same time, 

energy associated with multiple reflections, coherent linear noise and random noise is also boosted.  

As can be seen in figure 10 the dipping coherent noise, A and the multiples, B, from figure 8 are still 

present in the data.  
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Figure 11. Shot gathers from profile 207 with bandpass filtering, spherical divergence and automatic gain 

control applied. The x and y-axis show the channel numbers and the two-way travel time respectively. 

 
In figure 11 the low frequency noise denoted as C in the previous figure 8 has been removed through 

band pass filtering. Automatic gain control is used to improve the visibility of seismic data in which 

attenuation or spherical divergence has caused amplitude decay.  
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Figure 12. Shot gathers from profile 216 after applying surgical mute, spherical divergence, BPF and 

deconvolution. The x and y-axis show the channel numbers and the two-way travel time respectively.  

 
Figure 12 shows the shot gathers with surgical mute and deconvolution applied. A surgical mute zero 

out a portion of the trace according to user given start and end times. Surgical mute was used to 

remove the effect of the water wave, A. 

Trying out which deconvolution parameters that best suited the data was a quite time-consuming 

process. The gap was chosen to coincide with the two-way travel time for the water wave. The 

parameters can be viewed in appendix B. 

    When comparing the shot gathers before and after deconvolution it is obvious that the wavelet 

associated with the reflections is compressed and reverberatory energy that trails behind each 

reflection is attenuated. The reflections appear less “ringy”. 

    To illustrate this further the following stacked sections, figure 13 and figure 14 shows the profile 

207 with and without deconvolution. 
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Figure 13. Stacked section of profile 207 without Deconvolution applied 
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Figure 14. The stacked section of profile 207 with deconvolution and bandpass filtering applied. 

 
The “ringyness” is drastically reduced in figure 14 when comparing it to figure 12. In figure 13 a 

bandpass filter has also been applied to try to remove the noise present in the right most corner. 
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Figure 15. The stacked section of profile 207 with poststack filtering, ps-deconvolution and fx-deconvolution 

applied 
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Figure 16. The stacked section of profile 207 with bandpass filtering and a gain function applied. 

 
Figure 16 shows the same stacked section as in figure 14 but with bandpass filtering and a gain 

function applied. 
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Figure 17. The final migrated section of profile 207 

 
Figure 17 shows the migrated section of profile 207 and thus the final result of the processing of this 

profile. 
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Figure 18. The final migrated section of profile 216. 

 
Figure 18 shows the migrated section of profile 216 and thus the final result of the processing of this 

profile. 
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Figure 19. The final migrated section of profile 217. 

 
Figure 19 shows the migrated section of profile 216 and thus the final result of the processing of this 

profile 
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Figure 20. Velocity model of profile 207 

The velocity field, see figure 20, produced for the profile 207, shows an increase of velocity with 

depth. Further on there are no significant lateral changes in the velocity gradient. This velocity field is 

used for the NMO-process and a smoothed version is used for migration. Similar velocity fields were 

produced for profile 216 and 217. 
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INTERPRETATION 

 
Figure 21. Overview image showing the interpreted profile together with other profiles 

When interpreting seismic data, it is good to be able to examine how the different profiles coincide to 

get a better view of the subsurface. The direction of profile 207 is shown together with the other 

profiles in figure 21. This is a good way of illustrating the location of the different profiles.  
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Figure 22. Interpretation of profile 207 showing the different layers and possible fracture zones 

 
Figure 22 shows the interpretation of profile 207. Two possible oil pockets have been marked with 

green vertical lines. These are normally what you look for when prospecting for oil. They could 

possibly be sedimentary rocks where subsurface geometries of strata could stop the upward migration 

of possible petroleum. 

    The horizontal lines show the different layers in the subsurface. A drill hole would confirm the 

findings. 
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Figure 23. Overview image showing the interpreted profile together with other profiles 
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Figure 24. Profile 207 and 216 interpreted together to obtain a 2,5D picture of the subsurface 

 
In figure 24 profile 207 and 216 are shown together to see how the profiles coincide. It is apparent that 

the different layers coincide where the two profiles cross with each other. A semi 3D-view can be 

visualized.  
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Figure 25. Overview image showing the interpreted profile together with other profiles 
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Figure 26. Profile 207 and 217 interpreted together to obtain a 2,5D picture of the subsurface 

 
In figure 26 profile 207 and 217 are shown together to see how the profiles coincide. It is apparent that 

the different layers coincide where the two profiles cross with each other. A semi 3D-view can be 

visualized.  
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8    CONCLUSIONS 
Comparing the sections processed with Claritas and the sections processed in the seventies, see 

Appendix C, yields some difference regarding image quality and event appearance.  

As can be seen from the results for different steps, high and low frequency noise has been somewhat 

reduced due to the fx-decon filter. The primary reflectors are sharper due to careful selection of 

velocities for the primary reflection area. Also, in the newly processed sections, multiples have been 

reduced.  

    During the survey in 1979, only one borehole was drilled, this borehole is located quite far from the 

lines processed and thus no conclusions can be drawn regarding geological interpretation in the current 

profiles. If this is an area suitable for carbon dioxide storage or oil drilling is therefore a debate that 

needs more facts.  From the data we do have, one can maybe conclude that the interesting areas in 

profile lie between the Cretaceous-Jurassic and the Jurassic-Triassic, and between the Triassic-Lower 

Silurian and the lower Silurian-Cambrian. Further drilling in this area could tell us more. Furthermore, 

using the new CSEM-technology (Controlled Source Electromagnetics) in the vicinity of the potential 

pockets found via seismics could give more insight.   

The main purpose of this thesis was to explain how seismic processing works. The different steps of 

both collecting and processing of seismic data can be followed and the results can be read in an easy, 

understandable way. 
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APPENDIX 1, Tool description 

 

DISCSORT is a trace input process which reads trace data and headers in a specified sorting order, 

from a disc file with an arbitrary trace ordering. The input ordering is sorted using any specified 

primary and secondary key, if those keys are set in the input file´s trace headers.  

 

SETLASTTR is used to set the end-of-ensemble flag in the seismic trace headers. This value needs to 

be set to 1 for the last trace in each shot/CDP etc, so that multi-channel modules know when that have 

got a complete ensemble which the can process. SETLASTTR works by looking at the primary key 

values; the input fold does not have to be constant. 

 

SPHDIV compensates for the attenuation in seismic wave amplitude due to geometrical spreading of 

the wave front through the various velocity layers, and for attenuation due to energy dissipation. The 

attenuation is removed by multiplying the samples of the trace by a vector of scalars, deduced semi-

empirically. 

 

BUTTERFILT is a process that applies a Butterworth bandpass filter. The code is the same as Dave 

Hale´s subfilt programme in Seismic Unix. 

 

DECONW is a one-sided Deconvolution filter which may optionally be gapped. DECONW effects 

time-varying and not spatially varying spike or predictive Deconvolution (using a 12-norm constraint) 

of a seismic trace over a set of application time gates.  

 

FDFILT applies a zero-phase filter with a quasi-trapezoidal amplitude spectrum. Each input trace is 

transformed into the frequency domain, and parts of the amplitude spectrum are zeroed, and parts left 

unchanged, with cosine tapers to effect a smooth transition between the stop and pass bands. The 

phase spectrum is unchanged. Low-pass, high-pass, band stop, and bandpass filters may be applied. 

An inverse FFT is then performed to transform the trace back to the time domain. 

  

POLYMUTE mutes one or more polygonal regions from seismic data and is usually used to remove 

noisy regions from prestack-data. 

 

AGC effects an automatic gain control on the live seismic trace in each time window. AGC is a 

scaling process which is used for the uniform balancing of sets of live traces. 
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NMO performs a normal move-out correction on the input traces, which must have the offset 

parameter set in the SEG_Y headers. Normal move-out is the amount, by which seismic reflection 

time deviates from what it would be if the signal were reflected normally, that is at the zero source-

receiver offset. 

 

STACK sums seismic traces from CDP (or any trace header key) ensembles and outputs a single trace 

for each ensemble. A variety of stacking methods may be used, and for conventional stacking, a range 

for normalisation options is provided.  

 

PSDECON may be used to effect spike or gapped Wiener Deconvolution on post stack data, it differs 

from the DECONW processor in that the autocorrelation functions of each trace are smoothed in a 

running mix before being used to derive the Deconvolution filter. PSDECON therefore acts as a 

constrained trace-by-trace filter, and the output will show less spatial variation, and should allow post-

stack Deconvolution to be applied to data with a lower signal/noise ratio without damaging weaker 

signals. 

 

FXDECON is used as a post-stack filter to attenuate random noise. Each trace is transformed to the 

frequency domain, so that the section is in FX space. Then, complex Wiener Deconvolution is 

performed in the X-direction for each frequency. The filtered section is finally transformed back into 

TX space, and the noise component discarded. 

 

FDMIG is a Finite difference time migration routine, based on a X-T domain implicit 45-degree 

migration. Despite the 45-degree algorithm, FDMIG gives reasonable results up to about 60-degree 

dip. 
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APPENDIX 2, Dwf-files used for deconvolution 
 

Profile 207 

P key    S key    TD on    TD off    TA on    TA off     Length    Gap 

1            1           150        1200       0            3000        300          29 

1            24         1200      2200       0            3000        300          29 

200        1           150        1200       0            3000        300          26 

200        24         1200      2200       0            3000        300          26 

400        1           150        2200       0            3000        300          26 

400        24          1200     1200       0            3000        300          26 

600        1           150        2200       0            3000        300          29 

600        24          1200     1200       0            3000        300          29 

815        1           150        2200       0            3000        300          32 

815        24          1200     1200       0            3000        300          32 

1000       1           150       2200       0            3000        300          37 

1000      24          1200     1200       0            3000        300          37 

1200       1           150       2200       0            3000        300          37 

1200      24          1200     1200       0            3000        300          37 

1390       1           150       2200       0            3000        300          46 

1390      24          1200     1200       0            3000        300          46 

 

Profile 216 

P key    S key    TD on    TD off    TA on    TA off     Length    Gap 

1            1           150        1200       0            3000        300          18 

1            24         1200      2200       0            3000        300          18 

200        1           150        1200       0            3000        300          29 

200        24         1200      2200       0            3000        300          29 

400        1           150        2200       0            3000        300          46 

400        24          1200     1200       0            3000        300          46 

598        1           150        2200       0            3000        300          34 

598        24          1200     1200       0            3000        300          34 

798        1           150        2200       0            3000        300          34 

798        24          1200     1200       0            3000        300          34 

1000       1           150       2200       0            3000        300          21 

1000      24          1200     1200       0            3000        300          21 

1198       1           150       2200       0            3000        300          15 
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1198      24          1200     1200       0            3000        300          15 

1318       1           150       2200       0            3000        300          18 

1318      24          1200     1200       0            3000        300          18 

 

Profile 217 

P key    S key    TD on    TD off    TA on    TA off     Length    Gap 

1            1           150        1200       0            3000        300          18 

1            24         1200      2200       0            3000        300          18 

200        1           150        1200       0            3000        300          29 

200        24         1200      2200       0            3000        300          29 

400        1           150        2200       0            3000        300          42 

400        24          1200     1200       0            3000        300          42 

598        1           150        2200       0            3000        300          36 

598        24          1200     1200       0            3000        300          36 

798        1           150        2200       0            3000        300          34 

798        24          1200     1200       0            3000        300          34 

998        1           150        2200       0            3000        300          18 

998       24          1200      1200       0            3000        300          18 

1198       1           150       2200       0            3000        300          16 

1198      24          1200     1200       0            3000        300          16 

1318       1           150       2200       0            3000        300          18 

1318      24          1200     1200       0            3000        300          18 
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APPENDIX 3, Results from 1979 
 

Profile 207 
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Profile 216 
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