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to better interpretation results?  An example from the North Sea. 
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Introduction 

The introduction of the first seismic workstations delivered a step change in interpretation 

capability.  However, the interpreter was typically limited to a single volume and one 

attribute, amplitude.  With the development of 4D, pre-stack data and seismic attributes, 

tens, if not hundreds, of volumes are now available, comprising terabytes of data, just for a 

single area.  However, the capacity of the interpreter to make a meaningful interpretation 

using all of this data has not kept pace with the ability to generate the data.  There needs to 

be a process to interpret these volumes more efficiently and to glean information from 

them that is not currently available.  Through the use of specific seismic attributes, principal 

component analysis and self-organising maps, this is now possible. 

A multi-attribute analysis feasibility study of the Oda oil field was made in late 2017.  The 

Oda oil field was discovered in 2011 in the southern part of the Norwegian North Sea and is 

currently under development as a subsea tie-back, with first oil scheduled in 2019.  The field 

is a steeply-dipping (35°) monocline on the flank of a large salt diapir with an excellent 

quality Upper Jurassic shoreface sandstone reservoir of the Late Jurassic Ula Formation. At a 

depth of 2,500-3000 metres and an average thickness of 50m, the reservoir is on the limit of 

seismic resolution. 

Theory 

A seismic attribute is any measurable property of seismic data, such as amplitude, dip, 

phase, frequency and polarity that can be measured at one instant or over a window, on a 

single trace, on a set of traces, or on a surface interpreted from the seismic data 

(Schlumberger Oil Field Dictionary, 2015). 

Seismic attributes reveal features, relationships and patterns in seismic data that may 

otherwise be insignificant (Chopra and Marfurt, 2007).  Most interpreters look at a few 

single attributes and often discard them if they do not reveal anything obvious.  However, a 

multi-attribute approach, with the right combination of attributes, can lead to better 

visualization of features of interest.  However, as there are over 100 attributes that can be 

calculated, determining which to select is not always obvious and manually reviewing them 

all is too time consuming. 

Principal Component Analysis (PCA) is a linear mathematical technique to reduce a large set 

of variables (seismic attributes) to a small set, that still contains most of the variation of 

independent information in the large set (Roden, Smith, and Sacrey, 2015).  We need it 



because of the number of attributes involved and therefore the number of dimensions of 

variation. It will determine which attributes are the most important and which can be 

ignored in the final analysis. 

For a given set of seismic attributes generated from the same original volume, PCA can 

identify which attributes are associated with the largest variation in the data.  This therefore 

suggests that the combination of these attributes will better identify specific geologic 

features of interest than any other combination.   

Geologic features are revealed through attributes as coherent energy.  When there is more 

than one attribute, we call these centres of coherent energy, natural clusters.  Identification 

and isolation of natural clusters is critical to the interpretation of the data when working 

with multiple attributes.  The process used to identify these clusters is the self-organising 

map (SOM), Smith and Treitel. 

The SOM is a data visualization technique invented in 1982 by Kohonen (2001). It is a non-

linear approach which reduces the number of dimensions of the data through the use of 

unsupervised neural networks or machine learning.  SOM provides us with the ability to 

visualise multi-dimensional data which would be impossible otherwise.  It does this by 

producing a 2D colour map that groups data points based on their values.  

In seismic interpretation, SOM is an ideal approach to apply to seismic attributes and to 

identify the various patterns in the data.  The individual samples in the seismic volume are 

grouped based on the values of their seismic attributes which were input into the 

processing.  Each group in the data, identified by the SOM analysis, reveals information from 

the simultaneous evaluation of these attributes, many of which reveal geologic features that 

might otherwise be undiscovered.  This is particularly useful for identifying features below 

seismic resolution or changes in lithology or fluid fill that are not clear on amplitude data; 

Roden, Smith, Santogrossi, Sacrey and Jones (2017). 

 

North Sea Example 

The Oda field, offshore Norway, was sanctioned for development in 2016, with two oil 

producers planned in the crest of the field and one water injector for pressure support. The 

producer locations are around 1km from the nearest E&A well and are located in a zone of 

seismic uncertainty, adjacent to the Oda salt diapir. The key challenge for development well 

planning was therefore mapping the salt geometry and the interface between salt and oil-

filled reservoir.   

In order to aid well planning, a large seismic database was interpreted using a range of 

geophysical tools. This included a variety of seismic attribute volumes and workflows to try 

to resolve the salt body geometry and reservoir interval.  In addition to individual attribute 

volumes, a multi-attribute feasibility study was undertaken using PCA and SOM to look for 

patterns in the data that may not be identified using conventional interpretation of 

individual attribute volumes. 



The first part of the study used geometrical attributes for imaging the salt body and 

structural elements. Geometrical attributes are particularly useful for identifying faults, 

fractures, folds and regional stress.  The SOM volumes imaged fault and fracture patterns, 

including a significant fault in close proximity to the production wells.  This gave insight into 

the 3D stress regimes around the diapir and hazards for the development wells.  

The second part of the study used PCA of instantaneous attributes which are particularly 

useful for defining lithology contrasts, bedding continuity, stratigraphy, thickness and DHI’s.  

A variety of SOM’s were generated using different combinations of attributes.  The majority 

of the analysis was done using a SOM combining Relative Acoustic Impedance; Running 

Sum; Envelope; Hilbert; Instantaneous Frequency; Normalized Amplitude; Smoothed 

Frequency; Sweetness and Thin Bed with an 8x8 neuron count.   

The Oda discovery well can be used correlate key stratigraphic markers in the SOM volumes 

(Figure 1), and there appears to be a change in attribute character at the well location that 

corresponds to top and base reservoir. These boundaries can be traced laterally in the SOM 

volume across the field, which could give insight into lateral reservoir thickness. The top and 

base reservoir attribute character can also be traced from the exploration well location into 

the seismically uncertain zone at the crest of the field in the location of development wells, 

helping to evaluate reservoir presence in a seismically uncertain area. Attribute extractions 

through the 3D volume at approximately the reservoir level also show a down-dip change in 

character that has some correlation with the known OWC on the field. Further insight into 

the results of the feasibility study will be obtained through development drilling on the field.  

 

Figure 1.  The Oda discovery well and gamma ray log displayed against a 3D SOM attribute 

volume.  

 



Conclusions 

Multi-attribute analyses using PCA and SOM is used to analyse large volumes of data 

quickly, giving the interpreter an alternative method of extracting critical structural and 

reservoir information from their dataset. SOM provides an alternative approach to mapping 

regional structural patterns and has been used to try and image a reservoir interval on the 

Oda field that is below seismic resolution. The information gained from multi-attribute 

analyses could give insight into reservoir thickness and hydrocarbon saturation across the 

Oda structure. Development drilling in 2018 will calibrate this technique.  
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