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Optimising the geoscience workflow: from data conditioning, depth imaging, reservoir 
characterization to machine learnings 
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Summary 
An optimized workflow for geoscience subsurface evaluation is discussed and various phases of  
integrated multi-disciplinary studies are examined. First, quality check and data conditioning of 
input data is necessary. Signal-to-noise ratio is improved, whereby amplitude preserved processing is 
a prerequisite for reliable reservoir characterization. Anisotropy changes amplitudes and hence 
needs addressing when Quantitative Interpretation is the goal. Depth imaging allows interpretation 
on depth data, less hampered by distortion and artefacts.  
Prestack wave equation techniques like Full Waveform Inversion (FWI) include tomographic 
velocity modelling for: reflections, refractions, P-wave, S-wave, converted wave, direct arrivals, 
guided wave, multiples, etc.  This modelling leads to a better subsurface velocity model. 
3D visualization, attribute analysis and geobody sculpting is a powerful interpretation tool. Principle 
Component Analysis, based on N-dimensional axial rotation in cross-plots, enhances the separation 
between parameters. Petrophysical templates increase the understanding of different parameters on 
the seismic response. Static and dynamic earth models with iterative updating incorporate 
production history matching and material balance. Proper up/down scaling in the simulators is 
important. 
Joint inversion of geophysical datasets, e.g. magneto-tellurics (MT), electro-magnetics (EM) and  
gravmag, provides more constraints and narrows down the solution space. Multi-disciplinary 
approach is needed for the reservoir simulation with iterative feedback loop for updating the earth 
models. Fracture prediction is made possible by wide-azimuth long-offset multi-component data 
(shear wave splitting, anisotropy). New techniques like diffraction imaging enhances the reservoir 
description. Finally, non-linear methods (neural networks) and pattern recognition are applied to 
analyse and classify the data. Machine learning and data mining facilitates handling of large datasets 
in real time (e.g. smart well technology).        
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Introduction 
A workflow for geoscience subsurface evaluation is discussed. Studies for assessing the structure of 
the subsurface comprise multiple steps and here we examine various phases in order to optimise the 
results. The latter is done by adopting an integrated multi-disciplinary approach. Iterative updating, 
simulation modelling, monitoring of well production and pressure behaviour, digital oilfield aspects 
are topics to be addressed in field development projects. HSE and risk mitigation is integral part of all 
projects.  The workflow is not only restricted to the energy sector, the basic principles are applicable 
to other geoscience study domains as well (e.g. environmental, mining, geostorage, archeology, 
military).    
 
Methodology and workflow overview 
First thing is to decide what type of data to acquire, do the necessary lab and field work, check the 
data quality. Geologic and geophysical data should be consistent. Seismic reflection data provide a 
convenient correlation tool between control points (wells and outcrop / lab studies). Seismic 
reflections and unconformities help to establish a basic frame work, whereby seismic stratigraphic 
(Veeken and Van Moerkerken 2013) and also high resolution sequence stratigraphy are essential 
(Catuneanu 2006).  Seismic reflections are some sort of timeline and these tend to control the flow 
behaviour in the subsurface (cf Vail et al 1977; Veeken 2007). We always start with a simple model 
and add complexity where and when needed. 
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Stress regime and petrophysical properties determine the structural deformation (folding and fault/ 
fracture systems). They also govern the geochemical alteration during burial and compaction of the 
sediments. To make accurate prediction of flow units in the subsurface, it is obligatory to have access 
to adequate datasets. These datasets come at a cost and experience shows that often it is worthwhile to 
make larger upfront investments (e.g. unconventional resources, Curia and Veeken 2019). In practice 
we always need to convince our managers of the usefulness for the decision gates in the project 
planning cycle. 
Large scale overview is followed by more detailed studies, this makes sure that the context is 
honoured with detail from a helicopter view. The classic workflow comprises seismic data for 
subsurface reservoir characterization and subsequent interpretation of the results. Interpretation is 
nowadays directly done on depth migrated data, that has less distortions than the traveltime data (e.g. 
pull-up, pushdowns, side swipes, multiples). Interpretation of 3D output is usually done by 
autotracking algorithms and a neural network approach can be utilised for seismic trace classification 
(Veeken and Van Moerkerken 2013). Crossplots help to establish trends in the data suitable for 
prediction away from control points. 3D visualization and geobody sculpting is important to delineate 
connected and non-connected volumes. Probabilistic methods are applied with multi-varied 
geostatistics for uncertainty analysis.  

K-means data clustering techniques for instance help to define 3D groupings of data or also Self 
Organizing Maps with relevant facies units are compiled. Non-linear correlation is given by neural 
networks (NNW). The network training scheme can be non-supervised or supervised, the latter 
facilitates interpretation of results (Guilbot et al 1996, Balz et al 1999). Clustering and pattern 
recognition provide a means to establish also electro-facies on well data (Veeken 2007). Trace 
classification can be done on synthetic traces at the well locations. Each class has a master trace and 
the grouping has a certain spread around it. In a next step the whole seismic dataset is classified.  
Subtle differences in the seismic dataset are thus emphasized that can be interpreted, e.g.  sedimentary 
or tectonic features important for the flow unit description. Synthetic modelling allows a supervised 
mode with a stochastic approach for uncertainty analysis. Semi-automatic edge detection is a feature 
to delineate fault and fracture distribution in the seismic dataset. It quantifies seismic discontinuity 
between neighbouring traces. Various techniques give slightly different results and therefore testing is 
needed to determine the most appropriate algorithm.    

Data mining with non-linear correlation capabilities is powerful to optimize production behaviour 
in wells. Machine learning algorithms can discriminate trends that other methods overlook. It can 
handle huge datasets, also in real time. It leads to better predictions and better control over the 
development parameters for the resource.  It thus defines a better static model for the reservoir 
engineer. The reservoir simulator (e.g. Eclipse, T-Navigator, GohferTM) allows to check the dynamic 
model against what is observed in the field (Buijs et al 2019). An iterative loop is needed as feedback 
to the static model and adaptations are made to reduce the observed discrepancies. A multi-
disciplinary approach is encouraged by this kind of workflow, ensuring data consistency of the various 
datasets. A smooth hand-over between departments is crucial to maintain the quality of the studies. 
Matrix projects teams and integrated studies are very effective set-ups in this respect.    
 
Data conditioning 
First, data consistency needs to be checked so that the best seismic data is obtained for further 
analysis. As for all geoscience modelling studies it goes: “crap-in = crap-out”. Seismic data should 
be processed the correct way to eliminate distortions and artefacts. Issues like static corrections, 
multiples, acquisition footprint removal are addressed (cf Da Siva et al 2004). Here seismic 
contractors provide their services, but the client should be aware of possible pitfalls. Amplitude 
preserving processing is required when reservoir characterisation is the objective (Veeken and Van 
Moerkerken 2013).  The data is sorted and processed in different domains: e.g. prestack CMP gathers, 
time or depth domain, frequency domain. Stacking of seismic data is done to improve the signal-to-
noise ratio. Data can be examined post-stack and pre-stack. Prestack processing is preferred as it 
allows detailed velocity analysis, better accuracy and more data is available for reservoir 
characterization (inversion and AVO analysis). Powerful computers facilitate the manipulation of 
large volumes of data, referred to as 5D datasets (3D space, time and the gathers, timelapse).  There is 
an obvious need that the data quality should be optimal. 
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Depth imaging     
Migration and repositioning the seismic data in the subsurface is an important step in seismic 
processing. The seismic acquisition method necessitates geometric reallocation of the data in 3D 
space. Migration creates a better positioned subsurface dataset. Various techniques are available based 
in time domain and/or depth domain. Nowadays the depth migration is preferred, although it is more 
costly, its benefits are (Veeken and Van Moerkerken 2013):  
 

 Residual seismic mispositioning (or Hubral shift) is reduced. 
 Non-hyperbolic move-out can be applied for resolving  anisotropy effects (Alkhalifah 2014). 
 Raybending and multi-pathing capabilities. 
 Steeper dips are resolved and less dependency on aperture parameters. 
 Continuity of the reflections is boosted. 
 Structural interpretation on depth sections with less geometric distortion and smaller fault 

shadow zones (pull-ups / push downs). Depth calibration is separate step. 
 The velocity depth model has an interpretational value, i.e. pore pressure prediction, lithology 

prediction, fault/seal analysis (cf Schulz 1999, Dutta 2002, Dvorkin and Alkhater 2004, 
Higginbotham et al 2010). 

 More accurate seismic attributes, if amplitude preservation is respected in the processing (cf 
Adiletta et al 2019). 

 
A valid velocity model is needed to get accurate migration and imaging results. Various migration 
algorithms exist like: Kirchhoff or diffraction migration, wave equation migration with various types 
of beam migration (e.g. CRAM; Borghi et al 2017), CRS processing (Gierse et al 2003), Full 
Wavefield  migration (Gisolf et al 2014) and Reversed Time Migration or RTM.   

Full Waveform Inversion generates a better velocity model. It deploys a wave equation 
propagation method whereby the velocity-depth model is simulated by tomographic 3D raytracing. 
Modelling results are compared with the measured data in the field and difference is kept at minimum.  
This iterative updating technique is powerful, because it uses all kind of seismic data: P-wave, S-
wave, PS converted wave energy, primaries, multiples, surface waves, body waves, refractions, 
diffractions. The workflow can simulate anisotropy effects (Thomsen 2002; Alkhalifah and Plessix 
2014). This FWI is often followed by RTM (Reverse Time Migration) or a controlled beam migration 
for instance. RTM permits imaging in complex areas and it is normally done for a limited frequency 
range. The higher the included frequencies the more costly the computations are. FWI comes in many 
flavours. A good velocity model will generate less artefacts in the migration output. It will focus the 
energy better creating a higher seismic discrimination power.  The data is stacked for the final 3D 
cube (Figure 1). Partial stacks can be looked at. FWI uses more constraints and increases the 
illumination of the subsurface points (e.g. contribution of multiples in seismic processing that is 
research topic of the Delphi consortium of prof Berkhout and Verschuur). FWI may resolve 15 m 
thick sedimentary channels, that are not seen by other migration methods (Gisolf et al 2014). 
Moreover, FWI allows for more reliable and robust AVO mapping (Amplitude-Versus-Offset; 
Amplitude-Versus-Angle, WEB-AVO).  
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Figure 1: RTM section across the Campos basin (offshore Brazil). The velocity model is quite good, evidenced by: 1) flat 
base of plastically deformed salt, good image and focusing below salt, 3) continuity of reflections even below salt, fault 
blocks conform gravmag modelling. Anisotropy is considered in this Pre-SDM depth imaging demo (data courtesy 
CGGVeritas; Veeken 2019). 

 
Reservoir characterization based on timelapse data makes monitoring a viable option. Development of 
steam injection cloud is observed in time with special software (SeismovieTM, Cotton et al 2013).  
Multi-component data can be acquired to analyse shearwave splitting and velocity anisotropy for open 
fracture detection, a topic of special importance for tight reservoir development (Curia and Veeken 
2019). Ocean bottom cable acquisition gives better quality control, but is more costly. Broadband 
seismic registers a wider frequency range, leading to higher resolution and detection power (thin 
beds).   

The interaction between static and dynamic earth model is reinforced with an iterative feedback 
loop. Upscaling and downscaling issues should be addressed. Special seismic multi-component 
datasets are required for effective fault and fracture system prediction and outlining of flow units. 
Pressure data is needed for production history matching, material balance and flow behaviour. Full 
well logging suite is needed for more accurate calibration, also in the often forgotten overburden.  

Anisotropy needs to be considered as it influences the amplitudes with a decisive impact on the 
Quantitative Interpretation (QI); this should even be examined in flat layered geology, where lithology 
and stress related effects play a role. For seismic prediction studies many companies do the data 
conditioning/processing in-house (Adiletta et al 2019); Shell does the RTM migrations in dedicated 
in-house processing department. Contractors counter that business trend by stepping down their cost.   
 
Other geophysical datasets 
Complementary data may be acquired, for example:  

 Gravity and magnetic data, high resolution can be obtained by the Full Tensor Gravity (FTG) 
method that can also be  acquired by airborne survey.  

 EM data, that can be obtained in offshore and onshore. Moreover, resistivity is often 
registered in the wells. The method can be various: Magneto-Tellurics, Controlled Source 
EM, Induced Polarisation, high resolution Ground Penetrating Radar (GPR) when the target is 
shallow.   

EM datasets always need an inversion step in order to meaningfully interpret the results. The inversion 
process is non-unique and a range of models exist to explain the measured response.  
 
EM resistivity and induced polarisation 
The Electro Magnetic Sensing-Induced Polarisation (EMS-IP) method is a pulsed EM investigation 
method (Belova et al 2019). The current is injected via the input dipole A-B and eddy currents in the 
wiring of that dipole A-B, while the potential difference is recorded by receiver electrodes (M-N) at a 
certain distance. The voltage difference is monitored over time (125 ms interval or more) and also 
registered during the “current-off” phase to assess EM induction and induced polarisation effects. 
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Beside high-resistive geobodies it is also influenced by response of: permafrost, basalts, hydrocarbon 
traps, salts.  

Hydrocarbon-filled reservoirs often exhibit high resistivity contrast, allowing better reservoir 
detection and definition of areal extent. Moreover shallow geochemical alteration zones generate IP 
anomalies that can be used to rank prospects, whereby a very good success rate is obtained for the 
Differentially Normalized Magneto Electrics (DNME) technique proposed by Davydycheva et al 
(2006). Advantages are: 1) simple acquisition equipment compared to reflection seismics, 2) relatively 
cheap acquisition and data processing, 3) more linear response with saturation and hence less 
disturbance for fizz gas (SHC<0.2), 4) independent measurement, 5) repeatability of the measurements, 
6) reasonable signal penetration depth , 7) sufficient discrimination power to detect relevant changes 
in target sequence.  

Resistivity anomalies are defined against a background trend and are used to derisk structures in 
hydrocarbon exploration projects (Veeken et al 2009a; Veeken and Van Moerkerken 2013). 
Quantification and standarisation of ranking criteria, together with their impact on the value attached 
to Controlled Source Electro Magnetics (CSEM) anomalies, are proposed by the Norwegian SAAM 
industrial consortium. Resistivity attribute is also of interest for reservoir monitoring (e.g. Tietze et al 
2015; Colombo et al 2018; Colombo and McNiece 2013, 2018). CSEM surveying generates valuable 
information for delineation of: reservoir sweet spots, preferential production fluid pathways, by-
passed areas, drainage of reservoir flow units and injection pattern (Veeken et al 2019). Guided 
inversion with additional constraints improve the discrimination power. The IP attribute is very 
diagnostic in mining metal minerals (Figure 2). 
 

 

Figure 2: On the left the polarization map (a) at a depth of 500 m based on 3D inversion. Conjugate faulting controls the 
outline of the mapped anomalies, whereby mineralization took place along fracture trends.  MN17 well reached the top of 
the anomaly and showed Cu-Mo mineralization hosted by the shear zone. On the right - earth model section along profile 13. 
(b) SER based on results of 1D inversion; (c) Polarization using a proper 3D inversion approach. Note the difference in 
anomaly for resistivity and polarization. Circular shape of polarization anomaly in map view is related to intrusive nature of 
rising hydrothermal fluids (Belova et al 2020). 

Joint inversion narrows down the solution space (cf Colombo and De Stefano 2007).  Techniques 
like reflection seismics, FWI, MT, CSEM, gravmag are often combined in multi-physics studies. 
Simultaneous inversion of multiple dataset is needed, as a sequential approach is not good enough. 
Dedicated acquisition set-up (Borehole to surface or inter-well modelling, Marsala et al 2011) can 
help address certain study requirements (e.g. resolution / discrimination power) and mitigate potential 
drawbacks (Veeken et al 2017). 
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Figure 3: Joint inversion uses more constraints and gives better reservoir description, better predictions and hence leads to 
better reservoir management decisions (Veeken 2019).  
 
 
Reservoir characterization 
Several techniques are in the toolbox:  

 Attribute computation and their analysis (e.g. Chopra and Marfurt 2006, 2007; Veeken 2007; 
Mantilla et al 2019). Spectral decomposition  

 Seismic mapping, not only on 3D poststack cubes but also on prestack gathers. DHI 
evaluation puts focus on area of increased interest for hydrocarbon exploration. 

 Analysis of P- and S-wave velocities, impedances, anisotropy (eta, epsilon delta parameters), 
shear-wave splitting, Vp/Vs ratios and AVA Intercept – Gradients (Figure 4). 

 Cross-plotting to detect trends that can be used for prediction schemes. Petrophysical 
templates to understand influence of different parameters on the seismic response (Odegaard 
and Avseth 2004; Avseth et al 2005; Mantilla et al 2019). Fluid replacement modelling with 
Gassmann equation is useful.   

 Principle Component Analysis with N-dimensional data axis rotation to get better parameter 
separation (Veeken and Van Moerkerken 2013)  

 Geostatistics to increase detection power and introduce higher frequency variations in seismic 
modelling (Torres Verdin et al 1999; Dubrule 2003; Rowbotham et al 2003).  

All modelling include assumptions and these conditions should be fulfilled to generate reliable output 
(crap-in = crap-out). Quantitative Interpretation (QI) and reservoir prediction necessitates that 
anisotropy in dataset is considered as it impacts the amplitudes of the seismic data.  
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Figure 4: Seismic HTI anisotropy (time, velocity and amplitude) is generated by vertical aligned fractures (left side) or by 
anisotropy in the horizontal stress field varying with the azimuth (right side). The seismic velocity will be faster parallel to 
the fractures and slower perpendicular to them if the fractures are open. With unequal horizontal stresses, the fast velocity 
will be parallel to the maximum horizontal stress direction. The amount of azimuthal anisotropy (which is measured by the 
difference between Vfast and Vslow) is proportional to either the fracture density or the difference in horizontal stresses. The 
lower figure shows azimuthal Residual Move Out on VTI-corrected CRAM (Common Reflection Angle Migration) gathers. 
Note the increase of undulating sinusoidal behaviour with larger offset due to velocity anisotropy effects.(Curia et al., 2018). 
 

Other investigation techniques of interest are: e.g. biomarker and micro-seepage mapping, 
geochemical surveying, palinspastic structural /sedimentary reconstruction, stratigraphic modelling, 
fault-seal analysis, petroleum system analysis, age-dating, detailed core /well log analysis, burial and 
diagenesis modelling.  
 
Fracture detection:  Multi-Component, CRAM and Diffraction Imaging  
In multi-component data shear wave splitting can be observed. A clear understanding of the 
geomechanical properties and their distribution explains the reservoir heterogeneity and thus the 
variation in the economics of ultimate recovery between wells. The simultaneous inversion (inverting 
the data for P- and S-wave velocities and density) derives a host of geomechanical properties from 
migrated CDP gathers, including Young's Modulus, Poisson's Ratio, and Shear Modulus. With this 
information, fracture dimensions can be predicted and wells drilled in the most brittle rock. 

For accurate fracture detection special seismic acquisition is required with multi-component data. 
Anisotropy and shear wave splitting can thus be quantified. Cross-plots and cluster analysis are used 
to predict the behaviour of reservoir parameters (e.g. Curia and Veeken 2019; Curia et al 2020). Well 
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logs and core data provide the necessary calibration control. Also pressure / production data are of 
interest.  

Common Reflection Angle Migration (CRAMTM) processing and also dedicated diffraction 
imaging provide an effective means to highlight discontinuities in the seismic data for fault/fracture 
delineation from conventional single-component seismic records using the diffractive part of the total 
registered seismic response. Flow barriers are outlined that may remain invisible otherwise (Beller et 
al 2019).  

The CRAM method is based on exploding bottom-up 3D raytracing from each image point to the 
acquisition surface. In this way both angles and azimuths are measured at the depth imaging points 
and thus true subsurface attributes are obtained in terms of dips and orientations for any given 
acquisition geometry. This beam migration uses a local slant stack for each computed central ray with 
a radius related to the Fresnel zone at its surface-emerging location. This procedure enhances primary 
events and results in better continuity of the reflections, especially in poor seismic data zones (Figure 
5). In fact the improvement in Signal-to-Noise ratio is comparable with that of the MultifocusingTM 
technique (Curia et al 2012; Borghi et al 2017). The kinematic and dynamic characteristics of seismic 
events are accurately computed along the rays, ensuring that amplitude and phase of the migrated 
angle-dependent reflectivity is preserved.  An angle Q-compensation (both phase and amplitude) 
enhances the signal quality during the migration. It permits imaging complex areas like: deepwater 
sub-salt, overthrusts, complex sedimentary environments and/or fractured reservoirs. 
     

 
 
Figure 5: Special sorted data  is used in Common Reflection Angle Migration (CRAM), a type of wave equation based beam 
migration. On the right an example of quaility improvement is shown with a comparison of the Kirchhoff  common offset 
Pre-SDM migration on the left  and result of the CRAM beam migration output on the right. The  same velocity model and  
pre-migration input is used and no post-migration processing (Landa et al 2019). 
 
Well production and completion technology 
Various techniques are available to optimize flow, e.g.: 

 Tracer technology to detect flow and connectivity,  
 Well completion technologies (e.g. semi-automatic inflow control valves, downhole pumps, 

chemical wax inhibitor schemes, production allocation, ceramic nano filters for water 
cleaning),  

 Micro seismic monitoring, 
 Enhanced recovery,  
 Flow stimulation by downhole fraccing,  
 Digital rock and micro-pore architecture simulation and diagenetic/burial impact studies.   
 Fibre optics to monitor o.a. temp/pressure difference. 

Success of the multi-disciplinary approach for increasing the production from resources has been 
demonstrated for example in the unconventional Vaca Muerta play in Argentina (Buijs et al 2019; 
Curia and Veeken 2019) and also for various plays in  the US Permian Basin (Adiletta et al (2019). 
There is clearly value in a concerted effort with input from multi domains.  
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Neural network and machine learning 
There are many ML ways to classify the poststack trace data: e.g. Bayes, Logistic, Multilayer 
Perceptron, Support Vector, Nearest Neighbour, AdaBoost, Trees (Mondt, EAGE website). We have 
tested the following techniques: Linear Regression, probabilistic ACE, Nearest Neighbor, Neural 
Network (a.o. Kohonen self organizing maps, genetic inversion) and Random Forest using a 
committee of decision trees (Priezzhev et al 2019, 2020). All methods gave reasonable results, but 
testing is needed on an individual case basis to determine the most suitable technique (Figure 6). Even 
Fuzzy Logics provides a convenient tool for classifying the seismic response of  faults and fracture 
zones; also chimney effects can be classified (Aminzadeh and De Groot 2004; Aminzadeh and 
Wilkinson 2004). 

 
Figure 6: Linear inversion operator versus nonlinear neural-network operator. The neural network uses at least one hidden 
layer (deep learning capability). The solid blue curve on the right plot is the measured acoustic-impedance trace in the well 
and the red curve is the conventional linear inversion result. The black curve represents the nonlinear inversion response at 
the well location. The three curves have different frequency content because the seismic data do not contain the high-
frequency components. The nonlinear inversion is better following the well log, but a perfect fit will never be achieved 
because of limitations in the computation procedure (Veeken et al 2009b). 
 

Deep Machine Learning uses several hidden layers in the neural network. The scheme can be 
recursive including feedback loops. The training is done non-supervised or supervised. Dynamic Time 
Warping proved efficiency of automatic edge detection (Priezzhev et al 2020). The technique is based 
on similarity determination with multiple search directions between 9 neighbouring traces (Figure 7). 
The  DTW similarity type of output cube is fed into the ANT-Track algorithm to improve on the 
traceability of the data features. The results are checked in the blind control wells and look very 
encouraging in the Russian case history (Figure 8). 

The main approach for predicting fracture zones from seismic data is to calculate different 
geological attributes like: curvature, variance, chaos, fault indicator, dip or slope, azimuth, amplitude, 
continuity, chaos measure, diffraction energy etc. (cf Barnes, 2016; Beller et al 2019).   

Artificial Intelligence and pattern recognition is applied on digital oilfield data based on smart well 
technology to make better reservoir management decisions possible.       
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Figure 7: (A) Graphic representation of DTW matrix allowing comparison of two seismic traces based on a cross-sample 
distance matrix and definition of the best-matching time-shift function. Comparison of two traces: (B) - using DTW matching 
and (C) - Euclidean matching. Note that the DTW allows for correlation with different directionalities (Priezzhev et al 2020) 
 

 
 
Figure 8: Time slices of the ANT-Tracking calculated results based on Variance attribute (A) and based on the proposed 
“DTW edge detection cube” attribute (B). In the north and south areas the DTW result demonstrates a better detection than 
the Variance result. An orange rectangle shows a blow up of the area around the control well (red dot). The fault at the 
mapped was penetrated by the well trajectory (core data) and a fracture zone was confirmed despite the possible time 
migration inaccuracy (Priezzhev et al 2020).     
 
Conclusions / points to take away 

 Optimising the subsurface evaluation workflow requires an integrated multi-disciplinary 
effort. It starts with quality checking of input and proper data conditioning. The seismic 
processing should be done in an amplitude preserving manner, so that quantitative 
interpretation is possible.  

 The velocity determination should be accurate and a tomographic modelling step is 
recommended. Usually this is done in depth imaging with adoption of  FWI workflow. The 
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migration should incorporate anisotropy effects, even when the geometric dips are small. 
Interpretation is best done on the depth imaging output as artefacts and distortions are smaller.  

 Prestack AVO and simultaneous inversion is normally done for reservoir characterization 
purposes. Cross-plotting and petrophysical template modelling gives better understanding of 
the seismic response and the influence of various parameters. Attribute analysis with facies 
delineation and geobody sculpting is useful for 3D visualization and pattern recognition.  

 The interaction between static and dynamic earth model needs is reinforced with an iterative 
feedback loop. Special seismic multi component datasets are required for effective fault and 
fracture system prediction and determination of flow units.  Diffraction Imaging is helpful as 
well to detect discontinuities and compartments. The upfront investment usually pays out for a 
better streamlined field development plan.   

 Non-linear correlation is a powerful option in subsurface reservoir characterization. Neural 
network systems allow to automate some of the analysis. Big data calls for efficient computer 
handling in real time. The proposed optimization steps are a challenge and an opportunity to 
strengthen the cooperation between various disciplines.       

 
Acknowledgements 
We thank PetroTrace, Gelios LLC, INR Technical University, Gubkin University and Wintershall Dea 
Argentina for permission and cooperation to publish this work. We thank our colleagues who made 
this contribution to the Young Professionals session of the 82nd EAGE annual conference and 
exhibition possible. 
 
References 
Adiletta S., Holf R., Kaba A., Giminez L., Koster K. and Van De Couvering N. (2019) The role of geophysics in Oxy’s 

Permian basin unconventional resource play appraisal and development workflow. First Break , 37 (3), 45-52.  
Alkhalifah, T. (2014) Full waveform inversion in an anisotropic world; where are the parameters hiding? EAGE Education 

Tour Series, No.10, 200p, ISBN 978-90-73834-83-5. 
Alkhalifah T. and R. Plessix (2014) A recipe for practical full-waveform inversion in anisotropic media: An analytical 

parameter resolution study. Geophysics, 79 (3), R91-R101 
Aminzadeh, F. and De Groot, P. (2004) Soft computing for qualitative and quantitative seismic object and  reservoir property 

prediction. Part 1: Neural network applications. First Break, 22 (3), 49-54. 
Aminzadeh, F. and Wilkinson, D. (2004) Soft computing for qualitative and quantitative seismic object and reservoir 

property prediction. Part 2: Fuzzy Logic applications. First Break, 22 (4), 69-78. 
Avseth P., T. Mukerji and G. Mavko, (2005) Quantitative seismic interpretation, applying rock physics tools to reduce 

interpretation risk. Cambridge University Press,  359,  isbn 978-0-521-15135-1.  
Balz, O., Pivot, F. and Veeken, P.C.H (1999) Reservoir characterization using neural networks controlled by petrophysical 

and seismic modelling. 61st EAGE annual meeting, Glasgow, Extended abstracts, S015, 4p. 
Beller, M., N. Chaouch, V. Petri, P. Veeken, E. Landa, E. Kokoshin, K. Smirnov, C. Paleari, (2019) Diffraction Imaging: 

resolving subtle seismic geo-features in the Rembrandt and Vermeer Chalk Fields, Dutch Offshore Block F17. Extended 
abstract, 81th EAGE annual Conference and Exhibition, London, 5p.   

Belova, A., Davydenko, Y., Zhukov, A., Bogdanovich, D., Bukhalov, S., Shkirya M. and Abornev K. (2019) Assessment of 
water-protective sequence at the VerkhneKamsky deposit of salts from 3D inversion results of EMS-IP. Near Surface 
Geoscience conference and exhibition, extended abstract, The Hague,  session We_25th_A05.  

Belova A.Y., D.V. Gurevich, A.S. Bashkeev,  J.A. Davydenko and P. Veeken (2020) Mineral prospecting for buried copper-
molybdene ores in northern Kazakhstan using electromagnetic sensing and induced polarization technology (EMS-IP). 
Extended abstract, 82th EAGE annual conference and exhibition, Amsterdam, in Prep. 5p 

Borghi P., D. Curia, M. Alayon, P. Veeken, I. Lescano and D. Justo (2017) Sierra de Reyes 3D seismic survey (onshore 
Argentina): depth imaging complex geology by applying Multifocusing, Kirchhoff, Beam and RTM workflows. First 
Break, 35 (12), p. 67-76. 

Buijs H., J. Ponce and P. Veeken (2019) Validation of flow capacity and state-of-stress models in unconventional reservoirs 
by the implementation of numerical models of diagnostic fracture injection tests. The Leading Edge, SEG, Vol. 38,  June 
Issue, p. 306-314. 

Catuneanu, O. (2006) Principles of sequence stratigraphy, Elsevier, Amsterdam, 375. 
Chopra, S. and Marfurt, K.J. (2006) Seismic attribute mapping of structure and stratigraphy. EAGE DISC handout, 140. 
Chopra, S. and Marfurt, K.J. (2007) Seismic attributes for prospect identification and reservoir characterisation. Geophysical 

developments 11, SEG Tulsa, 464. 
Colombo, D., and M. De Stefano (2007) Geophysical modeling via simultaneous joint inversion of seismic, gravity, and 

electromagnetic data: Application to prestack depth imaging: The Leading Edge, 26, 326–331. 
Colombo, D, and McNeice, G.W. (2013) Quantifying surface-to-reservoir electromagnetics for waterflood monitoring in a 

Saudi Arabian carbonate reservoir. Geophysics, 78 (6), E281–E29.  
Colombo, D., and McNeice, G.W. (2018) Surface to borehole CSEM for waterflood monitoring in Saudi Arabia: data 

analysis. 88th Annual International Meeting, SEG, Expanded Abstracts, 868-872. 



 

 
82nd EAGE Conference & Exhibition 2020 

8-11 June 2020, Amsterdam, The Netherlands 
12 

Colombo, D., McNeice, G.W., Cuevas, N., and Pezzoli, M. (2018) Surface to Borehole Electromagnetics for Waterflood 
Monitoring: Results from First Field Deployment. SPE-191544-MS 

Cotton J.C., E. Forgues and J. Meunier, (2013) Continuous land seismic reservoir monitoring of thermal EOR in the 
Netherlands. Extended abstract, 75th EAGE Conference & Exhibition/ SPE EUROPEC, London, UK, 10-13 June 2013.   

Curia D., P. Veeken,  J. Zunino,  K. Deev and D. Pelman (2012) - Multifocusing seismic processing to improve poor 
response areas below basalt layers, Cañadon Asfalto Basin (Argentina). Expanded abstracts, 74th EAGE conference, 
Copenhagen, P367,  4p. 

Curia, D., Veeken, P., Justo, D. and Alayon, M. (2018) Anisotropic wide azimuth 3D seismic data for an unconventional 
shale oil project, Aguada Federal Block, NW Argentina. 80th EAGE Annual Conference and exhibition, Expanded 
Abstracts,  WE B14, 5p.. 

Curia D. and P. Veeken (2019) Estimating rock physical parameters using anisotropic 3D seismic data to characterise 
unconventional Vaca Muerta oil shale deposits in the Neuquen Basin, western Argentina. First Break, Vol. 38, No. 11,  
10p. 

Curia D., R. Elia and P. Veeken (In Prep.) Multicomponent 3D-3C data acquisition and processing in the Bandurria Norte 
concession, Neuquén Basin, Argentina. 82th EAGE Annual Conference and Exhibition, Amsterdam, 5p. 

Da Silva, M., Rauch, M., Soto Cuervo, A. and Veeken, P.C.H. (2004a) Data conditioning for a combined inversion and AVO 
reservoir characterisation study. 66th EAGE annual conference, Paris, Extended Abstract, P306, 4 

Davydycheva, S., N. Rykhlinski, and P. Legeydo (2006) Electrical-prospecting method for hydrocarbon search using the 
induced-polarization effect. Geophysics, 71, no. 4, G179–G189. 

Dubrule, O. (2003) Geostatistics for seismic data integration in earth models. EAGE distinguished instructor series, 6, 282. 
Dutta, N.C.(2002) Geopressure prediction using seismic data: Current status and the road ahead. Geophysics, 67(6), 2012-

2041. 
Dvorkin, J. and Alkhater, S. (2004) Pore fluid and porosity mapping from seismic. First Break, 22, 53-57. 
Gierse, G., J. Pruesmann, E. Laggiard, C. Boennemann and H. Meyer, 2003, Improved imaging of 3D marine seismic data 

from offshore Costa Rica with CRS processing. First Break 21 (12), 45–49. 
Gisolf D., R. Huis in’t Veld, P. Haffinger, C. Hanitzsch, P. Doulgeris and P. Veeken (2014) Non-linear Full Wavefield 

Inversion applied to Carboniferous reservoirs in the Wingate gasfield  (Southern North Sea, offshore UK). Expanded 
abstracts, 76th EAGE conference, Amsterdam, 5p. 

Guilbot, J., Grausem, M. and Pichon, P.L. (1996) Lithology classification using seismic impedance, Bongkot field, Gulf of 
Thailand. 59th EAGE annual conference, Extended Abstracts, 4 

Higginbotham, J., Brown, M., Macesanu, C. and Ramirez, O. (2010) Onshore wave- equation depth imaging and velocity 
model building. The Leading Edge, 29(11), 1386-1392. 

Landa, E., Litvykova, O., Kokoshin, E., Esinov, B. and Paleari, C. (2019) Common Reflection Angle Migration, an 
emerging, ray-based, seismic depth migration offers flexible imaging solutions, to resolve subtle subsurface geofeatures 
in complex geological settings. Geo, 32-36. 

Mantilla, A, Szavian, P., Bell, R. and Han, C. (2019) Integrated reservoir characterization using high definition frequency 
decomposition, multi-attribute analysis and forward modelling, Chandon discovery, Australia. First Break, 37 (3), 65-74. 

Marsala, A. F., M. Al-Buali, Z. Ali, S. M. Ma, Z. He, T. Biyan, G. Zhao, and T. He (2011) First borehole to surface 
electromagnetic survey in KSA: Reservoir mapping and monitoring at a new scale: 81st Annual International Meeting, 
SEG, Expanded Abstracts, 1364–1372 

Odegaard, E. and P. Avseth, (2004) Well log and seismic data analysis using rock physics templates. First Break 22 (10), 37–
43. 

Priezzhev I. I., Veeken P.C.H., Egorov S. V., Nikiforov A. N. and  U. Strecker (2019) Seismic waveform classification based 
on Kohonen 3D neural networks with RGB visualization. First Break, Vol. 37, p. 37-43. 

Priezzhev I.I., D.A. Danko, P.C.H.  Veeken, U. Strecker, A.N. Nikiforov (2019) New high-resolution discontinuity seismic 
attribute based on DTW (Dynamic Time Warping) algorithm. Extended abstract, 81th EAGE annual Conference and 
Exhibition, London, 5p.   

Priezzhev I.I., D.A. Danko, U. Strecker and P.C.H. Veeken (2020) A new, higher-resolution, multi-trace seismic 
discontinuity attribute based on a Dynamic Time Warping algorithm. First Break, (in press), 

Rowbotham, P.S., Marion, D., Lamy, P., Insalaco, E., Swaby, P.A. and Boisseau, Y. (2003) Multi-disciplinary stochastic 
impedance inversion: integrating geological understanding and capturing reservoir uncertainty. Petroleum Geoscience, 9, 
287-294. 

Schulz, P. (1999) The seismic velocity model as an interpretation asset. SEG/EAGE short course 2, Houston, 200. 
Thomsen, L. (2002). Understanding seismic anisotropy in exploration and exploitation. Distinguished instructor series, No.5,  

 SEG, DOI: 10.1190/1.9781560801986 ISBN electronic: 978-1-56080-198-6. 
Tietze, K., O. Ritter, and P. Veeken (2015) Controlled-source electromagnetic monitoring of reservoir oil saturation using a 

novel borehole-to-surface configuration. Geophysical Prospecting, 63, 1468–1490,  
Torres-Verdin, C., Victoria, M., Merletti, G. and Pendrel, J. (1999) Trace-based and geostatistical inversion of 3-D seismic 

data for thin sand delineation: An application in San Jorge Basin, Argentina. The Leading Edge, 18(9), 1070-1077. 
Vail, P.R., Mitchum, R.M., Todd, R.G., Widmer, J.M., Thompson, S., Sangree, J.B., Bubb, J.N. and Hatfield, W.G. (1977a) 

Seismic stratigraphy and global changes in sea level. In: Payton, ed. Seismic stratigraphy: application to hydrocarbon 
exploration. AAPG-Memoir 26, AAPG, Tulsa, 49-212. 

Veeken P.C.H. (2007) Seismic stratigraphy, basin analysis and reservoir characterisation. Handbook of Geophysical 
Exploration, Volume 37, eds prof K. Helbig and S. Treitel, Elsevier Scientific Publisher, Amsterdam, textbook, 509 p. 

Veeken P., P. Legeydo, Y. Davidenko, E. Kudryavceva, S. Ivanov and A. Chuvaev  (2009a) Benefits of the induced 
polarisation geo-electric method to  exploration of hydrocarbon prospects. Geophysics, 74 (2), B47-59. 



 

 
82nd EAGE Conference & Exhibition 2020 

8-11 June 2020, Amsterdam, The Netherlands 
13 

Veeken P., I. Priezzhev, L. Shmaryan, Y. Shteyn, A. Barkov and Y. Ampilov (2009b) 3D non-linear multi-trace genetic 
inversion applied on seismic data across the Shtokman field (offshore northern Russia). Geophysics, 74, No. 6,  WCD49-
59. 

Veeken P.C.H. and B. Van Moerkerken (2013) Seismic stratigraphy and depositional facies models. EAGE and Elsevier 
Academic Press, Houten, textbook, 494p 

Veeken P., M. Dillen, K. Tietze, C. Patzer and O. Ritter (2019) Resistivity and reservoir monitoring in the Lower Cretaceous 
Bockstedt oilfield using a borehole CSEM setup. 81th Annual International Conference and Exhibition, EAGE, Extended 
Abstracts, London, We-R02-14, 5p. 

 
 
 
 
 
 
 
About authors 
 

Veeken is geoscience consultant for petroleum industry and research institutions. His 
interests are: seismic stratigraphy, reservoir characterization, fracture prediction, AVO / 
inversion, depth imaging, velocity model building, diffraction imaging, FWI, 
anisotropy, attribute analysis and visualisation, neural network classification, machine 
learning,  gravmag, and EM / Induced Polarisation methods. 
Before retirement he was geoscience adviser in Wintershall Holding GmbH in Kassel 
(Germany) from 2007 till 2019 working in various Opcos and New Technology 
department. He has written two textbooks on seismic stratigraphy and reservoir 
characterization. He was editor-in-chief of the Wintershall Technical Newsletter and 
published more than 180 written reports / articles during his professional career. 
Earlier employers were Shell International, the ENSG (Nancy, France) where he 

worked as associate professor in “Applied Geophysics”, and later he joined CGG’s depth imaging / reservoir 
characterisation department. His focus always was on applied research. He holds a doctoral degree in 
stratigraphy / sedimentology from the University of Amsterdam. 
 
 

Kashubin is a Senior Geophysicist in PetroTrace. He graduated from The Ural State 
Academy of Mining and Geology with the degree of geophysical engineer and holds a 
PhD in geophysics from Uppsala University, Sweden. He worked as a researcher in 
Uppsala University, Imperial College London and Schlumberger Cambridge research, 
where he developed new techniques for imaging, 4D seismic, new seismic sensors and 
data fusion. He co-authored over 20 papers and 3 patent applications. He participated 
in land seismic surveys in Russia, Europe, South Africa and Middle East and 
processed commercial seismic data for industry and research from various geological 
environments. He was teaching Seismic Techniques to Petroleum Geoscience MS 
students. 
 
 

 
Curia is head of Production Geophysics in WintershallDea Argentina. He holds a 
Master degree in Mathematics and Geology from University Buenos Aires and 
Mendoza. He has more than 30 years experience in exploration geology and 
geophysics. Main interests are: geostatistics, geocellular modelling, reservoir 
geophysics, attribute analysis, AVO and Inversion, petrophysics.  
Recently he is involved in unconventional resource development (Vaca Muerta play), 
depth imaging, multifocus processing, CRAM processing, fracture detection using 
long-offset, wide-azimuth and multi-component data, micro-seismic monitoring and 
diffraction depth imaging.  
Earlier employers were GSI, YPF, CADIPSA, Landmark and he was independent 
geoconsultant for a short while. His technical skills cover computer applications and 
digital data manipulation, reservoir geophysics and QI, 3D geostatistical modelling, 

seismic interpretation, prospect evaluation and risk analysis, whereby geological and geophysical data 
integration plays a vital role. 

 



 

 
82nd EAGE Conference & Exhibition 2020 

8-11 June 2020, Amsterdam, The Netherlands 
14 

 
Davydenko is assistant professor at Irkutsk National Research Technical University. 
He graduated from Irkutsk State Technical University with a Master degree in 
“Geology and Mineral Exploration” in 2000. He got his post-graduate academic degree 
in Technical Sciences in 2005, with a dissertation entitled: «Development of hardware-
software complex for the differential-normalized method of electro-investigation».  
From 1996 to 2011 he worked in SGRP company and took part in onshore and 
offshore geophysical expeditions: e.g. Arctic, Cuba, Kazakhstan, European part of 
Russia, Far East and Siberia. He cooperated with ORG Geophysical in Norway. He 
provided methodical support for marine electromagnetic surveying for hydrocarbons 
exploration in the Kara, Barents and Caspian Seas.  
From 2012 to present he works at INRTU as Assistant Professor, with teaching duties 

in geoelectrics. He is also CEO of Gelios LLC EM service company. His scientific interest are: EM/IP sensing 
technologies, forward modeling and inversion, complex analysis and interpretation of geophysical data sets. He 
co-authored 7 international publications. 
 
 

 Priezzhev is professor at the Gubkin University in Moscow. He holds a PhD and is 
expert in mathematical software solutions for the upstream oil and gas business.  His 
focus is on: Machine Learning, Seismic Inversion/AVO, Prediction using wells log and 
seismics, Production/Completion Analysis, Fracture Detection and Characterization, 
Geosteering, GravMag modeling. His teaching task incorporates seismic interpretation 
software and machine learning (neural network). 
Priezzhev has 19 years of work experience on various management levels, technical as 
well as sales positions in Schlumberger. His experience covers project management 
and he acted as team leader creating large-scale program systems (e.g. airborne 
geophysical processing and interpretation package, cartographic system). He is 
inventor of several innovative geophysical technologies, patented in the United States 

and Russia (a.o. genetic inversion, DTW edge detection).  He has a broad experience incorporating invented 
methods in technology expert systems like Petrel - Ocean Plug-ins (Schlumberger products). He gives guidance 
to internal and external users in applying new technology in energy resource identification and its 
characterization. 
 
 
 
 
 
 
 


