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2 Introduction 

2.1 Scope of Report 
This report details the pre-interpretation processing work done by Total Depth (Exploration Services) 

Pty Ltd for the Multi-Client openfile project on the Fly Lake 3D seismic volumes. This document 

outlines the procedures taken to ensure that a reliable and high quality 3D visual database of 

GeoPopulations™ (surfaces) in the time domain were extracted and delivered for all of the seismic 

volumes. These GeoPopulations™ were created by the application of pre-interpretation processing 

using Seisnetics™ patented genetic algorithm. 

 

2.2 Objectives 
 Apply patented genetic segmentation technique as a pre-interpretation process to 

automatically create a queryable spatial database of virtually every peak and trough surface. 

This global analysis of the available seismic volume(s) provides an unbiased, consistent and 

very time efficient method of examining all available data.  

 To provide interpreters more time to focus on understanding the results and their economic 

potential; thereby reducing risk, accelerating the decision making process, better utilization 

of  resources, time and corporate assets. 

 

2.3 Personnel 
From Total Depth Pty Ltd: 

 Jim Dirstein (MD), Ruiping Li (Senior Geophysicist) and Alistair Stanley (Geophysicist)  

Seisnetics Pty Ltd: 

 Nabil Tnacheri (Inventor) 
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3 Project Overview 

3.1 Background 
Total Depth has undertaken the task of applying unique/patented technology for the pre-

interpretation processing of openfile 3D seismic volumes from across Australia. The project is 

ongoing with more than 200 Australian 3D seismic volumes already processed. 

Total Depth Exploration Services (TDES) have undertaken the task of apply Seisnetics pre-

interpretation processing algorithm to a selection of the Fly Lake 3D volume. 

 

3.2 Location 
Total Depth have undertaken the task of processing all the openfile 3D seismic volumes from South 

Australia, which includes the Fly Lake 3D. The Fly Lake 3D survey was part of the SA00 2D and 3D 

seismic surveys undertaken by Schlumberger Oilfield Australia Pty Ltd for Santos in 2000. The survey 

was processed by Western Geophysical and is located in South Australia and covers approximately 

119km2 and covers the tenements PPL00006, PPL00091, PPL00095, PPL00140. 

 

 

  

Figure 1- The map shows the location of the Fly Lake 3D survey with respect to petroleum exploration licenses, petroleum fields, 
pipelines and wells displayed in Google Earth. 
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4 Seisnetics Overview 
Total Depth Pty Ltd has partnered with Nabil Tnacheri (Seisnetics™ inventor and patent holder) to 

provide pre-interpretation services using a new methodology that delivers an extraction of virtually 

all surfaces from 3D seismic volumes. The process is independent of and complimentary to all 

workflows currently undertaken by professionals interpreting 3D seismic data regardless of which 

seismic interpretation tools are used.  

 

4.1 Applying Genetic Algorithms to Seismic Data 
Seisnetics® utilizes the power of genetic algorithms in the pre-interpretation of 3D seismic data. An 

overview of the processing procedure is described below: 

 Without human intervention, the volume is automatically segmented and organized into 

waveforms. 

 Trace waveforms throughout the volume join together into populations of waveforms 

(referred to as GeoPopulations) based on their genetic and spatial compatibility. 

 Each population of waveforms has a common waveform (genotype), which is continually 

changing as new trace waveforms are added to the population.  

 Evolution of these populations continues until a minimum fitness threshold is reached for all 

GeoPopulations. 

 

Figure 2-A snapshot in time during the evolutionary process. Some of the GeoPopulations evolve quicker than others and 
some don’t evolve at all. 

 



Seisnetics Overview 
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4.2 Results: Database of GeoPopulations 
As a result of Seisnetics pre-interpretation processing, a database of virtually every peak and trough 

GeoPopulations™ will have been generated. Each GeoPopulation will have a TWT, Amplitude and 

Fitness attribute associated with them. The fitness attribute is unique to Seisnetics and provides an 

indication of “genetic similarity”. The fitness attribute can be displayed as an attribute map for any 

GeoPopulation™. 

 

Figure 3- The visual database of GeoPopulations™ 

 

4.3 Seisnetics Viewer 
The GeoPopulations generated are accessible through the Seisnetics® viewer which acts as a 

visualisation database. In the Seisnetics® viewer the user can review, sort, filter or export Trough or 

Peak surface attributes for any or all desired GeoPopulations™. Alternatively, the user may choose 

further processing and interpretation options available within the viewer to interrogate the data 

further. 

Whether the user is a geologist, geophysicist, engineer, drilling supervisor virtually all of the surfaces 

are just a mouse click away. Depending on the needs and requirements at the time, desired surfaces 

are exported in a range of formats that can be read by most workstations and modelling packages. 
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5 Processing Workflow  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Processing: Fully automated 

segmentation process inspired by the 
Human Genome Project creates a 
visual database containing virtually all 
Peak and Trough surfaces. Each 
surface consists of a population of 
genetically related waveforms. 

Review the visual database of 

pre-interpreted 
GeoPopulations™, using the 
TWT, Amplitude and Fitness 
attributes. 

All Surfaces 

Review Results 

Seismic Data 

Load the seismic data and quality 

control the spatial and co-ordinate 
geometry accuracy of the data as 
well as the signal quality. 

Deliver the final 

Seisnetics™ project along 
with the viewing software. 

Wells and Cultural 

Add faults, well and 

cultural data to the 
project where possible. 

Figure 4- Schematic of the Seisnetics processing workflow 

Receive seismic volumes 
from client. 

Reprocess apply the 

Seisnetics algorithm with 
refined parameters to try and 
enhance the results. This step 
may include adding client faults 
as constraints or using 
Seisnetics GeoPopulation 
database to define fault 
surfaces. 

Training and Support are 

provided as deliverables with 
the final processed project. 
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6 Seismic Data- Fly Lake 3D 

6.1 Seismic Data 
Total Depth have a suite of openfile SEGY volumes for the Fly Lake 3D along with accompanying 

documentation from the South Australian Department of Primary Industries and Regions. The names 

of the SEGY volumes are detailed below: 

 The ‘fly_lake_1450_filtmig.sgy’ ~1GB in size. 

 

6.1.1 Total Depth Generated Data 

Noise Attenuation and Spectral Shaping (NASS) was applied to this data. After processing two new 

volumes were generated for Seisnetics pre-interpretation processing, these are detailed below: 

 

 The ‘fly_lake_1450_filtmig.pcfRes.sgy’ (noise removed) ~1GB in size. 

 The ‘fly_lake_1450_filtmig_NA.sgy’ (noise attenuated) ~1GB in size. 

 The ‘fly_lake_1450_filtmig_NASS.sgy’(noise attenuated and spectrally shaped) ~1GB in size. 

 

 

6.2 Seismic Data used for Seisnetics Processing 
The two volumes ‘fly_lake_1450_filtmig.sgy’ and ‘fly_lake_1450_filtmig_NASS.sgy’ were used for 

Seisnetics processing.  
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7 Loading the Fly Lake 3D Seismic Volumes 
 

7.1  Loading Records 
The selected SEGY volumes as detailed previously for the Fly Lake 3D were loaded into Seisnetics. 

7.2 Loading Quality Control 
Before processing, the loaded data went through a quality control (QC) process. Total Depth Pty Ltd 

checked the following: 

7.2.1 Volume Geometry 

The loaded inline, crossline and TWT ranges were verified by comparing the range in Seisnetics™ to 

corner points provided by PIRSA and those loaded into Hampson-Russell. 

PIRSA Provided Geometry 

Below are the Corner Points Coordinates in GDA 94 datum zone 54, provided by PIRSA. 

1. inline=1996 xline=9994 

 x=389042.30 y=6945130.84 

2. inline=1996 xline=10404 

 x=395095.99 y=6936859.50 

3. inline=2564 xline=9994 

 x=400501.12 y=6953517.42 

4. inline=2564 xline=10404 

 x=406554.82 y=6945246.08 

Hampson-Russell Loaded Geometry 

The data was loaded into Hampson-Russell to quality control the loading of data into Seinsetics. The 

loaded geometry information is shown in the figures below and to the right. 



Loading the Fly Lake 3D Seismic Volumes 
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Figure 5-Hampson-Russell Loaded geometry information. 

 

Seisnetics Loaded Geometry 

The volume geometry information for a Seisnetics projects is contained in the *.desc file.  The 

loaded volume geometry information for the volume is shown in the image below: 

 

 

 

The loaded volume geometry information in Seisnetics is the same as that in Hampson-Russell. The 

slight differences between the loaded data geometries and those provided by PIRSA seem 

reasonable and can be explained by the different inline and crossline ranges. 

 

Inline, Crossline and TWT Ranges 

Figure 6- Example of the loaded volume geometry information for the ‘fly_lake_1450_filtmig’ 3D volume from Seisnetics. 

 



Loading the Fly Lake 3D Seismic Volumes 
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The inline, crossline and TWT range for the volume is:  

Loaded Inline range: 1996-2563 

Loaded Crossline range: 9994-10403 

Loaded TWT range: 0-4196ms 

Total Depth processed the entire two-way time range of the seismic volume. 

 

Seisnetics processing will be applied to the entirety of each seismic volume. 

7.2.2 Co-Ordinates 

The UTM co-ordinate values were verified by cross-referencing the data from the Government to 

that within Seisnetics. 

The co-ordinate data of the project is in UTM co-ordinates using the datum, GDA94- Zone 54S.  

7.2.3 Survey Orientation 

The orientation of the volume loaded into Seisnetics is shown in the figure below. 

 

Figure 7- Survey orientation provided by PIRSA and a base map showing a timeslice (1000ms) of the seismic data from 
Seisnetics™, illustrating the extent and orientation of the Fly Lake 3D Seismic Survey. 

 

7.2.4 Seismic Data- Amplitude 

The data volumes were checked for artefacts in the data (i.e. clipping) by scrolling through and 

analysing volume slices (including timeslices). It was determined that the seismic data had no 

artefacts after being loaded into Seisnetics. 

7.2.5 QC Summary 

The results of the QC process indicate that the Fly Lake 3D has been successfully loaded into 

Seisnetics. 
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8 Pre-Interpretation Processing of the Fly Lake 3D 
 

The Seisnetics™ processing procedure is iterative where the results of the first pass are used to guide 

the parameterisation of successive passes. Initially the genetic algorithm was run and the results 

were analysed and the quality of the interpretations analysed. In the case of the Fly Lake 3D seismic 

volumes it was determined that the first pass produced a high quality standard of results with little 

scope for improvement. 

The final parameters selected and the iterative approach taken is designed to produce a large and 

reliable database of GeoPopulations™.  

 

8.1 Processing Parameters 
A variety of parameters can be set when processing the time-indexed volumes for the Fly Lake 3D 

volumes. The seismic volumes were processed with a fitness cut-off value of 0.4, a seeding bin size 

of 16x16 and a minimum size cut-off value of 100. These parameters took into consideration the 

structural and stratigraphic complexity of the data. The same parameters were used for each of the 

volumes to keep the interpretations consistent. 
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9 Analysis of GeoPopulation Databases 
To assess the quality of pre-interpreted GeoPopulations both a quantitative and qualitative 

approach were applied.  

 

9.1 Quantitative comparison of the Pre-Interpretation databases 
Statistics associated with the database of GeoPopulations can be examined and analysed to assess 

the distribution and quality of GeoPopulations from the Fly Lake 3D seismic volume. 

The size of GeoPopulations™ identified from the volumes are compared in the graph and table 

below. 

Comparison of GeoPopulations for the Fly Lake 3D volumes 

 
Figure 8-Histogram comparing the size of GeoPopulations™ to the total number interpreted by Seisnetics™ for the volumes 

over the Fly Lake 3D. 

 
fly_lake_1450_filtmig_TP fly_lake_1450_filtmig_NASS_TP 

Count>100,000 27 40 

Count>50,000 43 67 

Count>10,000 189 423 

Count>5000 355 968 

Count>1000 1144 4381 

All GeoPopulations (>100) 3621 21709 

 Table 1-Statistical data taken from the GeoPopulation™ databases 

The graph and table both indicate that GeoPopulation size has an exponential relationship to the 

number of GeoPopulations for the Fly Lake 3D.  The application of Noise Attenuation and Spectral 



Analysis of GeoPopulation Databases 
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Shaping (NASS) processing is dramatically increasing the number and size of GeoPopulations 

identified by  pre-interpretation processing. 

The distributions of GeoPopulations™ throughout the volumes were compared in the 

GeoPopulation™ size vs TWT graphs. They all had a very similar distributions; an example of this 

distribution is shown in the figure below. 

 

Figure 9- Graph showing the size and distribution of Seisnetics™ pre- interpreted GeoPopulations™ for the 
‘fly_lake_1450_filtmig_TP’ volume. 

The largest GeoPopulations™ were spread amongst the shallow portion of the data between 1000ms 

and 2250ms for all the volumes.  

9.2  Qualitative (Visual) Assessment of Interpretations 
To verify the statistical observations and understand their spatial relationships the GeoPopulations™ 

interpreted were reviewed in the 3D viewer.   
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10 Additional Project Data 

10.1 Well Data 
The following well location information were added to the project: 

 

The well location data was obtained from openfile sources and is in the same UTM co-ordinate 

system as the loaded SEGY volume.  

 

Figure 10- Base Map showing the locations of wells added to the Seisnetics project. 



Additional Project Data 
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10.1.1.1 Deviated Wells 

There were no deviated wells in this project. 

10.1.2 Well Log Data 

No LAS files containing the well logs were added to the Seisnetics project. 

10.1.2.1 Time to Depth Curves (Well Ties) 

The well log data was converted to the time domain before being loaded into the Seisnetics viewer. 

Time to Depth curves were generated in the Hampson-Russell viewer and the log data was exported 

out in the time domain for import into Seisnetics. 

 

10.2 Cultural Data 
Total Depth added cultural data to the Seisnetics project. The cultural data was obtained from 

PIRSA’s SARIG online visual map database. 

 ‘Petroleum Pipelines’- Shapefiles displaying the petroleum pipeline running from the Fly Lake field 

were added to the project. 

 

 

 

‘Oil Field’- This shape file outlines the Fly Lake oil field. 

Figure 12- Example of petroleum pipeline data loaded into Seisnetics and displayed with respect to a surface from the Fly Lake 3D. 



Additional Project Data 
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Additional cultural data could be added to the project in the future at the client’s request. 

 

10.3 Faults 
No faults were added to the Fly Lake 3D Seisnetics project. Moreover, Seisnetics pre-interpretation 

processing for faults was not applied. 

  

Figure 13-  The ‘oil field’ shape file shown with respect to a GeoPopulation pre-interpreted by Seisnetics. 
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11 Conclusions and Recommendations 

11.1 Summary 
 The Fly Lake 3D seismic volumes were successfully processed in Seisnetics™.  

 The volumes for the Fly Lake3D were processed with a fitness cut-off value of 0.4, a seeding 

bin size of 16x16 and a minimum count size of 100. These processing parameters applied 

were optimised to deal with the structural and stratigraphic character of the data.  

 Seisnetics has done a reliable, consistent and effective job at pre-interpreting the Fly Lake 

3D volumes.  

 Well location data from openfile sources were added to the project. 

 Cultural data in the form of shape files were added to the project. 

 Graphical and tabular comparison of the results extracted from the volumes indicate that 

the number of GeoPopulations™ identified by the pre-interpretation processing were 

significantly larger on the spectrally enhanced volume (NASS) compared to the final 

migrated stack volume.   

 

 

11.2 Suggested Workflows  

 

 Through the use of genotype sequencing functionality available in the Seisnetics™ viewer, 

the interpreter will be able to target portions of the waveform associated with any of the 

GeoPopulations™. This user guided process targeting geologic zones of interest help reveal 

subtle stratigraphic features in the data using the fitness attribute maps. 

 

 With the availability of hundreds of high quality laterally extensive surfaces, data mining of 

automatically generated databases of morphometric properties will enable the extraction of 

features, patterns and objects from any or all of these surfaces. This type of processing has 

only recently become possible as a result of a breakthrough in the mathematical analysis of 

digital data. These processing services available from Total Depth Pty Ltd using proprietary 

technology from GeoProxima Pty Ltd go beyond visualization enabling user guided 

quantitative object extraction from large portions of the seismic volume. This technology has 

many applications in the stratigraphic and structural analysis of any surface data. 
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12 Deliverables 
 

12.1 Deliverables for the Fly Lake 3D  

Seisnetics and Total Depth will deliver the following to a company who purchases the Fly 

Lake 3D Multi-client Seisnetics project.  

 

12.1.1 Data 

 PowerPoint presentations showing images of selected GeoPopulations™ attribute maps 

interpreted by Seisnetics™. 

 Top 10 GeoPopulations™ (Largest Surfaces) as ASCII files (Inline, Xline, TWT, Fitness, 

Amplitude). 

 The Seisnetics projects for the Callabonna 3D including; loaded seismic from SEGY, the 

GeoPopulation™ database and any well, cultural, surface or fault data. 

12.1.2 Documentation (pdf format) 

 Seisnetics Processing Report (Fly Lake 3D) 

 Seisnetics Manual 

 Seisnetics Training Course and associated material 

 

12.1.3 Software 

 The Seisnetics 3D Viewer Software1, with a 12 month license. 

 Installation and Training for the free 3D viewer to enable review and output by client of 

desired surfaces. 

 Specific training sessions focused on the use of the genotype sequencing techniques to 

generate seismic and geological facies maps. 

12.1.4 Support 

 Support/Training/Services for the Seisnetics™ viewer are available as pre-paid blocks of 10 

hours. 

 

  

                                                           
1 Note- a Software License Agreement (SLA) needs to be accepted before installation of the software. This 
acceptance is part of the software installation process. 
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14 Glossary 
 

Term Definition 
Common Waveform 
(‘Genotype’) 

As individual waveforms aggregate and evolve into genetically similar populations, 
the common waveform or genotype evolves as well. The relationship between each 
individual (waveform) in the population and the genotype is captured by the 
“Fitness” attribute.  

Fitness Attribute A measure of the genetic similarity between any waveform in a GeoPopulation and 
the genotype of that population. The fitness attribute is primarily calculated over the 
whole waveform but can also be calculated over defined intervals (gene sequencing). 

Fitness Attribute Map A map displaying the calculated fitness attribute for a GeoPopulation. 

Genotype Sequencing 
(Sub-Waveform Processing) 

The process of sub-waveform analysis within a GeoPopulation targeting a specific 
portion of the waveform and re-calculating waveform fitness. 

GeoPopulation A collection of spatially similar waveforms that have evolved after thousands of 
generations forming a surface of genetically related waveforms. 

Multi-Client Seisnetics Multi-client products are licensed to clients on a non-exclusive basis. The 
Seisnetics spatial database(s) and associated viewing software and documentation 
are confidential and cannot be shared, copied, given or sold to any related or non-
related party without first acquiring a license from Total Depth Pty Ltd.   
 

Pre-Interpretation 
Processing 

This is a relatively new niche that fits between traditional seismic data processing and 
conventional seismic interpretation practice.  Given the dramatic increase in data 
available, applying processing techniques that automatically analyse and organise 
large amounts of information into spatial databases is becoming an accepted 
practice.  The improvements in speed and consistency of pre-interpretation 
processing along with access to results in queryable spatial databases, greatly 
enhances and extends conventional interpretation practice. With pre-interpretation 
processing, the interpreter gets to spend most of their time understanding the 
geological significance of the results rather than struggling with the mechanics of 
surface extraction.   

Pre-Interpretation 
Projects Database 

This is the database of projects (3D volumes) that have been automatically pre-
interpreted. 

Visual Database of 
GeoPopulations 

This is a spatial database of all the GeoPopulations  identified by pre-interpretation 
processing 3D seismic volume(s).  Display and interaction with this database is made 
possible using 3D visualisation software provided as a deliverable. 
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16 Disclaimer 
The assessment of geophysical and geological information in the evaluation of any project area is 

subject to uncertainty as the data provided is both incomplete and sparse.  Therefore, any 

judgments, models, interpretation or inferences made using these data are non-unique. 

Consequently, neither Total Depth Pty Ltd or Seisnetics Pty Ltd or any person acting on behalf of 

Total Depth Pty Ltd or Seienetics Pty Ltd makes any warranty or representation, express or implied, 

with respect to the accuracy, completeness, or usefulness of the information contained in this 

report.  Moreover, Total Depth Pty Ltd or Seisnetics Pty Ltd or any person acting on behalf of Total 

Depth Pty Ltd or Seisnetics Pty Ltd does not assume any liability with respect to the use of, or for 

damages resulting from the use of any information presented in this report. 
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