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Abstract 

Seismic information as an essential tool to image the subsurface has been complemented by other sources of 

information in the characterization of hydrocarbon reservoirs. Some of the sources that are widely used in the 

industry include wellbore measurements, wireline logs, drill cuttings, core samples, nuclear magnetic resonance, 

and bottom hole pressure data. Seismic not only helps in understanding the lithological content and the fluid 

distribution, but also provides other information including stress regime and the presence of fractures and folding. 

To make the best possible integrated use of seismic and other data is the goal of reservoir characterization work. 

By doing this, one can avoid inconsistencies, biases, and artifacts in the interpretation of seismic data alone. Such 

calibration could result in the better identification of areas of gas-bearing potential. Another application might 

be the integration of seismic data with wellbore measurements to better determine pore fluid content in low 

porosity formations. When the pore fluid content of a formation is known, the petrophysical response, determined 

from wireline logs, can be better assessed. These examples demonstrate that by linking seismic to other forms of 

subsurface information, one is able to make the most accurate interpretation of each. 
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I. Introduction 

The success of reservoir management hinges on accurate initial reservoir description and ongoing 

monitoring, with seismic data playing a pivotal role by providing critical information on reservoir geometry. When 

combined with well data, seismic data enables the creation of a 3D reservoir model, serving as a foundational 

framework for reservoir management decisions (Posamentier et al., 2022). Recent advancements have enhanced 

resolution at the reservoir scale, boosting the relevance of seismic techniques (Grana et al., 2022). Although rock 

samples, cores, and logs offer valuable subsurface insights, determining reservoir shape remains challenging. 

Seismic exploration effectively addresses this issue, yielding applicable results across scales (100m to 20km) and 

resolving complex problems, even in intricate areas (Oumarou et al., 2021). 

 

II. Background 

Hydrocarbons are mainly associated with subterranean caps termed reservoirs. The identification of these 

reservoirs and outlining their extent represent two of the basic objectives of oil exploration (Tiab & Donaldson, 

2024). In order to do this, information on the sub-surface geology of the region is necessary. Some of these are 

revealed by surface geology but much more is needed in order to map possible accumulations at reservoir level. 

Various methods have been used to access this information Although there are various methods that have 

been established to access this information Seismic interpretation (Eigbe et al., 2023). The conventional approach 

applied in this industry is the 3D post-stack seismic interpretation where the seismic images are subdivided into 

panels or slices for enhanced analysis (Khalifa et al., 2024). Geologists and geophysicists employ the descriptions 

of the rock properties in coming up with geologic models in efforts to identify reservoirs. 

From these geologic models, the possibility of reservoir for the hydrocarbons is evaluated using these tools (Ismail 

et al., 2024). This is done if the assessment determines that economically recoverable quantities of hydrocarbons 

exist, a well is then drilled in order to test the reservoir (Sihoyiya et al., 2024). 

http://www.ijerd.com/
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Seismic Data Acquisition and Processing 

Seismic data are indispensable for the presentation of the subsurface reservoirs’ structure and impedance, 

velocity, and proportions of net pay which are essential for hydraulic reservoir performance (Posamentier et al., 

2022). Seismic data that are acquired at the same time as the point and areal information sources function as the 

key means of increasing the understanding of reservoirs when combined with independent, non-systematic point 

data. We propose shifting the focus from separate data-type analysis to building reservoir geologic and fluid 

models that exploit diverse data sources. This approach will lead to more rigorous tests of model consistency and 

accuracy. 

In reservoir modeling, seismic data are combined with well data to provide reservoir-fluid behavior 

properties and geometric descriptions (Hussein et al., 2021). Traditionally, well data integration has been seen as 

a historical exercise comparing forecasts to realized results. However, we envision alternative methods for 

frequent well data utilization, potentially under the concept of "keeping time on our well description fix" (Bate et 

al., 2023). 

The structural and property maps of deep western Utah, derived from diverse input data sources and 

processing techniques, demonstrate the complexity of reservoir modeling (Zheng & Wang, 2023). Although each 

map appears smoothly varying, they are based on points with independent uncertainties. By comparing seismic 

and reservoir data with independent uncertainties, we can test the consistency of reservoir models, particularly in 

areas with mixed geophysical resolution. 

 

Types of Seismic Data 

When characterizing reservoirs, various types of seismic information are essential, including structure, 

stratigraphy, rock property, and amplitude data (Posamentier et al., 2022). Integrating these data types is crucial, 

but the specific data needed varies depending on the reservoir information required. For mapping reservoir 

properties like porosity or permeability, seismic data properties such as impedance or velocity are necessary. In 

contrast, when characterizing a reservoir model, spatial predictions of properties are secondary, and a structural 

frame and calibration of trends and geobodies are more important, where amplitude data can be used to pick facies 

or seismic rock properties to predict lithology (Chikezie et al., 2022). 

In reservoir modeling and facies predictions, well-log and core data, production data, and outcrop data 

are used as ground truth (Sabouhi et al., 2023). Statistical relationships between seismic data and seismic 

interpretation can be established through supervised cluster analysis using seismic coherence or other facies 

indicator data (Mishra et al., 2022). This is done by checking the lithofacies classes using well logs or seamlessly 

mapping seismic attributes to reference data such as lithology or porosity (Bennis and Torres-Verdín, 2023). These 

relationships and derived models support existing seismic interpretation efforts, and using data derived from such 

models can be more efficient for interpreters (Fu et al., 2024). 

 

Processing Techniques 

Obtaining a successful tomographic inversion of seismic data requires careful processing of the recorded 

dataset (Grana et al., 2022). Seismic experiments may not always capture the ideal frequency range for 

hydrocarbon relaxation times, necessitating data sharpening. Another way is to make more low-frequency 

measurements by using several boats, but the above experiment satisfied the requirement with a single boat and 3 

seconds, though the presented sea environment was severe (Lin et al., 2023). Data gathers spanned four months 

on the Zilacht anticline and the Togolese platforms in the Atlantic Ocean. 

Regarding limitations to the frequency of data gathering, this work used a hybrid strategy with an added 

cone of influence to the data view to fit the expected level of quality (Muller et al., 2023). Another important 

approach was in achieving minimal noise and data translation effectively. Standard hard and soft-ware procedures 

with parameters optimized for integration with bottom seismic and satellite data, and with correlation with logging 

data were employed by Tsai et al., 2023. The first difficulty was to integrate subsurface data to determine new 

variables for the hydrocarbon reservoir model. 

Some of the priority areas were to tune and rectify tomographic parameters, to reduce the amount of the 

log information acquired and to assess effective inverse and non-intersecting models (Meng and Yan, 2022). On 

the other hand, tomography remained useful in providing good image of the Zilacht-Benin anticline. This paper 

highlighted the significance of the integration and processing strategies in seismic inversion as presented by Bruno 

et al., 2022). 

 

Other Subsurface Information Sources 

In the case of heterogeneous reservoirs, internal parameters and attributes are determined with significant 

help of seismic data (Sokolov et al., 2021). These data also help to quantitatively determine the correlation 

between reservoir characteristics and seismic signatures. In addition, the seismic data allows for the modeling, to 



Integrating Seismic Data with Other Subsurface Information for More Accurate .. 

114 

estimate the seismic attributes throughout the reservoir implying the comprehensive reservoir description and 

atmosphere specification (Oumarou et al., 2021). 

Several seismic modeling and inversion operations use subsurface data to accomplish this end. These procedures 

utilize diverse data sources, including: 

 Additional geophysical measurements in wells 

 Deep well data 

 Geologic and production information 

 Multicomponent and surface seismic data 

 VSP data recorded at multiple wellbore locations 

While different techniques and tools exist, even approximate reservoir models can significantly enhance future 

work by integrating other subsurface information, geological data, special experiments, and production data 

(Chen et al., 2021). This integrated approach refines the accuracy of reservoir description. 

 

Well Logs 

Well logs serve as the primary record of borehole measurements, obtained either before or after drilling 

(Habeeb, 2023). Composite logs are constructed by merging natural gamma radiation, resistivity, sonic, and 

density logs from various well logging runs into a single sequence. Specialized casing tools are used for cement 

bond logs. Acoustic logs, which measure travel time for sonic waves to propagate through formations, come in 

two main types (Lai et al., 2022). 

Resistivity logs record electrical properties of surrounding formations, while dielectric logs measure 

electromagnetic wave propagation time (Stadtműller & Jarzyna, 2023). Neutron logs detect hydrogen 

concentrations, aiding in gas-filled formation identification. Pulsed neutron logs operate similarly to wireline 

neutron logs but employ a pulsed neutron generator. Energy-density logs measure gamma radiation emitted by 

formations due to radioactive decay (Deng et al., 2023). 

Other logging tools include: 

 High-resolution dipmeter logs, using probes or pads to measure formation properties (Zeeden et al., 2023) 

 Caliper logs, recording borehole width and variations to prevent inaccurate data due to gross caliper 

readings (Basso et al., 2022) 

 

Core Data 

Cores are the most accurate subsurface samples available, providing representative lithologies, reliable 

stratigraphy, and high-quality petrophysical, geochemical, and geomechanical information when analyzed with 

modern techniques (Kadyrov et al., 2022). However, their spatial coverage is limited, as they are only available 

in a few wells with restricted locations, and may be affected by drilling conditions. Despite these limitations, cores 

enable geological modeling and direct analysis of core material (Ramkumar et al., 2021). Modern multistage 

coring techniques allow for whole core material retrieval from large reservoir sections, while continuous core 

analysis accelerates laboratory analysis. 

In contrast, cuttings samples have significant limitations. They consist of small rock fractions, are liable 

to be contaminated with mud, and undergo short handling (Maldar et al., 2022). These factors make cuttings 

analysis unsuitable for reservoir heterogeneity evaluation because of small volumes, interference by drilling 

fluids, variations in hydrostatic pressure, and possibly damage during sampling or manipulation. Therefore, 

cuttings analysis is limited to only qualitative or semi-quantitative interpretations and cannot give quantitative 

petrophysical parameters as porosity and permeability (Nabawy et al., 2022). 

 

Challenges in Integrating Seismic Data with Other Information 

Hydrocarbon reservoir rock work and decision-making critically require the integration of seismic data 

with other existing data (Correia et al., 2023). This importance results with the rising costs of identifying, 

delineating, and developing new prospects of reserves and great demand for crude oil and related products. From 

experience, when more reserve resources are defined in difficult structural configurations, previous data are 

updated by integrated methods. of such cross-facets, the internal consistency and reliability of seismic models 

together with other data sources should be guaranteed. 

Due to the limitations such as cross graduation, poor seismic resolution, anisotropy, noises due to 

complicated surface topologies, Carful considerations need to be made in geophysical interpretation (Leisi & 

Saberi, 2023). Such factors may cause poorly set patterns, implying that there are disordered reflection 

occurrences at logged depth. Seismic technology aims to decrease uncertainty, rather than transform unrelated 

information into a single certainty. 

In reservoir studies, space and time are critical, particularly regarding data quality and distribution 

(Oumarou et al., 2021). Integrating relevant information from all disciplines helps define reservoir properties and 
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zonation. This holistic approach acknowledges the complexities of reservoir characterization and promotes more 

accurate and informed decision-making (Hendry et al., 2021). 

 

Data Inconsistencies 

Considering the extensions and limitations of mapped zones and seismic volumes in 3D visualization 

and interpretation is crucial. However, even with careful consideration, inconsistencies may persist, revealing 

themselves during interpretation as a consistent set of seismic data issues (Grana et al., 2022). Unfortunately, these 

inconsistencies may only become apparent for certain volumetric models, and their full geological and tectonic 

implications remain unclear (Posamentier et al., 2022). 

High-quality stacks with normal moveout are considered "semi coherent" with seismic volumes used for 

hydrocarbon reservoir mapping. As a result, volumetric receptivities are estimated without re-evaluating cross-

calibration weights (Kolkman-Quinn, 2022). Inconsistencies between observed maps can be attributed to data 

deficiencies and limitations of the specific upscale rule created for acquiring and merging cross-discipline 

reservoir-property observed maps. 

Seismic-to-property relationships function effectively for various reservoir-mapping azimuthal-seismic-

derived distributions of intensity. The stack processing rule for computed envelopes aligns with requirements for 

reservoir-property maps (Zolfaghari & Forghani, 2024). While deep reflection characteristics and vertical 

resolution of azimuthal-seismic-derived distributions may not share the same limitations as stacked, concentric, 

plan-parallel homogeneous and anisotropic models, they correspond to smooth relationships frequently used in 

geostatistics (Masoudi, 2024). 

 

Interpretation Uncertainties 

3D seismic surveys introduce critical factors contributing to interpretation uncertainties, beyond inherent 

velocity analysis and depth conversion uncertainties. These factors include attenuation of seismic energy, 

variations in pore-fluid properties, and poor signal-to-noise ratios, leading to false structures or artifacts that 

reduce confidence in reservoir structures and rock attributes (Liu et al., 2022). Oil-water contacts can induce 

reflections that may be indistinguishable from velocity variations due to time-lapse seismic effects. Identifying 

pitfalls during seismic time-lapse data interpretation requires cross-discipline cooperation or close interaction 

between data source specialists. 

Wireline logs should be compared with seismic data to assess wavelet accuracy and amplitude versus 

offset analysis feasibility (Borleanu et al., 2024). Effective elastic properties and anisotropy in target reservoirs 

can be predicted using seismic surveys, enabling predictive relationships in geomechanics (Zeng et al., 2023). For 

instance, relationships among porosity, shear wave velocity, and bulk density in marine sediments can identify 

low- and high-porosity sands and shales. 

However, subsurface geomechanical modeling complexities and overburden variations can lead to 

interpretation challenges. Failing to account for overburden importance can result in uncertain subsidence analysis 

of oil reservoirs (Iqbal et al., 2024). Seismic data quality can be compromised by fault systems, affecting flow 

characteristics and reservoir prediction accuracy (Rohit et al., 2023). Additionally, seismic expressions may 

struggle to provide accurate near-wellbore images. 

 

Benefits of Integration 

Deviating the reservoir property mapping, well data interpolation and extrapolation, and drilling 

recommendations based on seismic information alone results in the selection of poor geological/well targets and 

subsequent loss of hydrocarbons (Zhang et al., 2024). Seismic data also activity constraints comprising low 

vertical resolution, low S/N, time-domain descriptions, and fewer recorded details in the lower frequency band 

(Ballinas et al., 2023). When combined with insufficient constraints these characteristics may lead toward 

improper reservoir modeling, non‐productive or dry holes. 

However, in combination with information-rich subsurface digital data from well logs, cores, and 3D 

VSP, the influence from seismic data significantly decreases uncertainties of reservoir characteristics as well as 

improves final or ultimate recovery as seen in Du & Thakur (2024). By constraining seismic data with well logs, 

core samples, and VSP, seismic data becomes a valuable source of reservoir property maps, even with noisy or 

limited-resolution data. This integration increases the density and quality of subsurface information, minimizing 

unconstrained sources that lead to uneconomic well locations or nonproductive wells. 

As a result, total exploration and production costs are lowered, reserve uncertainties are reduced, and 

reservoir recovery rates are maximized (Correia et al., 2023). By leveraging multiple data sets, the accuracy and 

reliability of reservoir characterization are significantly improved, ultimately enhancing hydrocarbon recovery 

and reducing exploration risks. 
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Improved Reservoir Characterization 

Imaging of the reservoir can be achieved through pre-stack depth imaging, utilizing pre-stack depth 

images or joint post-stack depth migrated images to illuminate the reservoir (Shin et al., 2024). Onshore, pre-stack 

depth images provide a true 3D data set, overcoming azimuthal limitations of post-stack, time-migrated images. 

However, acquiring 3D pre-stack data at the reservoir level requires deep drilling and stationing equipment, and 

processing costs remain high. 

Offshore, recording and processing 3D pre-stack data costs are lower, but illumination limitations from 

the acquisition surface can negatively impact imaging quality, making the final pre-stack depth result comparable 

to pre-stack or post-stack migration (Taras & Riahi, 2023). 

To achieve better results without incurring 3D pre-stack depth imaging costs, generating 3D illumination 

volumes from pre-stack data can be effective (Fam et al., 2023). These volumes drive post-stack depth migration 

at the reservoir level, producing reliable reservoir images. The optimal imaging approach depends on illumination 

nature and location, requiring analysis of reservoir location and overlying layer characteristics. 

 

Enhanced Reservoir Management 

The timing, size, and production profile of a field development have significant technical and economic 

consequences, impacting the project's overall economics (Hasoon & Farman, 2024). Although geology should 

play a dominant role in building reservoir models and deciding development plans, deadlines driven by drilling 

or cumulative production often take precedence. To address this issue, true integration of geological, geophysical, 

petrophysical, and production data is crucial. 

Achieving this integration is key to leveraging geophysical and geological technologies effectively 

(Grana et al., 2022). The degree of data reconciliation between component models dictates the understanding and 

confidence in using them for planning and monitoring field performance. As model accuracy improves through 

reconciliation, refinements in the approach to data analysis can lead to a "self-feeding" cycle of useful iterations. 

Generic integrated reservoir management scenarios can be used to examine the effects of various data 

integration strategies targeted at specific data types and roles (Tian et al., 2023). While implementation depends 

on project-specific situations, underlying management criteria provide helpful guidelines for application 

development. Most operators recognize the importance of increasing data integration in large-scale reservoir 

projects. 

However, component models often reside in separate technical organizations and computer platforms, 

with highly specialized roles and expectations (Hasoon & Farman, 2024). Effective integration requires bridging 

these gaps to optimize reservoir management. 

 

Integration Techniques 

The integration of 3-D seismic data with other subsurface information, known as "multi-disciplinary 

integration," relies on collaboration between geologists, borehole log analysts, and petrophysicists (Carollo, 

2023). This collaboration facilitates information exchange and mutual understanding of the benefits each 

discipline offers. The combined interpretation value often surpasses the sum of its individual components. 

Effective integration methods include combined reprocessing and coherence filtering of 3-D seismic 

volumes with borehole images or other geological data (Bashir et al., 2024). This approach provides insight into 

resolvable geological features and correlates them with identified cores or test locations. Repeated trial and error 

among interpreters establishes a reliable correlation scale. 

Depth calibration of 3-D seismic volumes involves time-to-depth conversion, correlating stratigraphic 

markers with two-way time from nearby well logs (Posamentier et al., 2022). Accurate surface mapping integrates 

the 3-D seismic volume, matching significant geological features with intersecting seismic reflections. 

 

Seismic Inversion 

Normally, seismic data do not provide unique solutions in predicting subsurface lithologies and fluids. 

The frequency band necessary to achieve enough vertical resolution is not available in the recorded seismic data. 

In the common case, where enough high frequency is present, it is damped because of the impedance contrast 

between the water and the sands and shales observed around the well. During the last decade, several researchers 

have demonstrated that properties such as porosity, water saturation, pressure, and temperature properties very 

fundamental in reservoir studies could be predicted with reasonable accuracy by using seismic data. These 

successes have generated considerable interest in seismic reservoir characterization. However, most of the 

applications in reservoir modeling with seismic data and subsequent reservoir simulation did not get widespread 

use because most of these predictions were felt to depend critically on the local sedimentary environment and the 

hydrocarbon system of each individual field. Most reported successes have treated reservoirs as an impulsive, 

locally homogeneous horizon. The objective of this paper is to show that the information generated in the last 

decade can be used to improve our predictions, and that seismic predictions will not necessarily be so reservoir-
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specific if they are used in a hybrid way with other much more global, but simpler, methods based on simple well-

log correlations. 

 

Rock Physics Modeling 

We conducted rock physics modeling at site RPII using well log and seismic analysis. By comparing 

observed and synthetic seismic P-waveform responses for permeable layers, we calibrated the prediction of 

permeable layers via seismic methods (Gao and Ye, 2024). To calculate elastic moduli in LabView, we applied 

the Mohr-Coulomb failure criterion based on unconfined and confined compressive strength of samples, using 

well log and seismic data as inputs. 

The output yielded elastic moduli and time-depth relationships. We modeled the impedance versus depth 

relationship of the well log, representing reservoir pore volume and permeable layer information, from travel 

times between layer surfaces. Estimating pore fill in sediments on geologic timescales requires easily measurable 

quantities (Khodkari et al., 2024). The relationship between elastic moduli of coarse clean sands is well-defined, 

with mixed fluid sands falling between end members at any given subsurface depth. 

Fluid replacement of solid minerals within void spaces affects elastic moduli, in addition to bulk volume. 

Minerals are difficult to change, but fluid and porosity can be identified via P-wave, S-wave, and density signals 

(Chen & Yang, 2023). We obtained P-wave data and density data from sonic logs, while S-wave data came from 

resistivity logs, although calibration was limited. 

 

Case Studies 

Numerous case histories have demonstrated the benefits of integrating seismic information with other 

subsurface data for more accurate reservoir descriptions and reduced exploration risks (Correia et al., 2023). 

Recent advancements have simplified procedures, leveraging increased data and computer capacities to make 

these geological efforts affordable and cost-effective. 

Particular examples support this argument even further. For example, the Peruvian Jungle Coalbed 

Methane of Agro-29, Batusehe Deep Basin Gas discovery of Indonesia, Multi-component and azimuth seismic 

study in Qinghai and Endeavor/Martlet North of Sea also depict that integrated approach of seismic effectively 

impact. 

These case histories demonstrate how integration of other data with seismic data can enhance the 

description of the reservoir and reduce the amount of risk that is associated with exploration efforts. The use of 

integrated seismic methods therefore helps operators to make required decisions and further enhance the 

economics of projects. 

 

Example 1: Offshore Reservoir Integration 

Application of seismic and well data is central in defining an offshore gas reservoir, especially in more 

mature fields where deeper producing objectives may be delineated to increase field cycles (Correia et al., 2023). 

Seismic line showing a north-south cut-out is a gas reservoir located in an area of high oil production with basinal 

sands created by rifting and a thick shale seal. 

Firstly, using hypothetical poor seismic data quality, reservoir limits of width, thickness, location, and the 

optimum drilling horizon were determined. But better seismic showed possibilities of fresh wells on the reservoir 

edges and horizontal drains offering added avenue of connectivity to the thicker deposit targets. 

This optimization technique gave a longer field life by a factor of 3-5 years in addition to enhancing the 

recovery factor to between 6-8% depending on the well number and location of the field (Schiozer et al., 2022). 

By leveraging integrated seismic and well data, operators can identify untapped potential and make informed 

decisions to maximize reservoir performance. 

 

Example 2: Unconventional Reservoir Integration 

Predicting fracture permeability is crucial for extracting gas from unconventional shale gas formations, 

which have poor matrix permeability (Abelly et al., 2024). Hydraulic fracturing creates pathways to the wellbore, 

but natural fractures are more effective in increasing permeability and reducing operational energy and 

environmental impact. 

In a regional analysis, wellbore frac tests were plotted on an in situ stress map, revealing a critical stress 

threshold beyond which fracture permeability is poor (Abelly et al., 2024). Microstructural observations informed 

a critical stress map, enabling predictions of exploration depth to fault rock. Empirical correlations linked fractured 

host rock stress observations to predict fault rock volume. 

The relationship between hydrocarbon well performance and fault rock volume indicates elevated or 

extensive overpressures of trapped methane, influencing footwall and hanging wall formation drives (Han & van 

der Baan, 2024). This integrated approach optimizes unconventional reservoir characterization and exploration. 
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Future Directions 

Future integration of seismic data with other geophysical and geological information requires 

consideration of several trends and technologies to enhance reservoir knowledge accuracy. Key areas include: 

Emphasizing seismic data's complementary role in conditioning 3D earth models created for reservoir 

characterization using non-seismic methods (Posamentier et al., 2022). The ultimate goal is a static/dynamic earth 

model incorporating all available information to facilitate rapid and accurate hydrocarbon discovery through 

optimized drilling. 

Advancements in seismic processing technologies are necessary to reduce processing times from months 

to weeks and operating costs from dollars to cents per seismic sample (Lehmann et al., 2024). Alternatively, 

revolutionary changes in 3D seismic data acquisition, recording, and reproduction technologies could yield long-

term cost savings. 

Improved methods for predicting and quantifying heterogeneity in 3D reservoir models will enable more 

accurate geological models and initial conditions for 4D simulations and seismic reinterpretation (Ciardelli et al., 

2022). 

Developing quantitative models for interpreting seismic data in terms of fluid saturation is crucial, particularly in 

areas lacking high-quality logs and core data (Lehmann et al., 2024). 

 

Advancements in Technology 

Continued advancements in computer hardware and seismic imaging technology have surpassed the oil 

industry's ability to utilize such data efficiently and effectively (Cao et al., 2024). Despite reserve replacement 

challenges, these advancements would have still created a situation where the industry and shareholders weren't 

maximizing their investment returns. 

The integrated approach has made significant progress toward establishing optimal and comprehensive 

oil field datasets, culminating in accurate reservoir property models critical for production forecasting (Elaila et 

al., 2024). This journey has just begun, and continually refining earth models with more accurate seismic image 

attributes and dynamic models from production data will yield benefits. 

Management and the financial community will welcome the realization of anticipated production results, 

transforming investment dollars into profit dollars more quickly than promised (Kryukov & Tokarev, 2024). 

Crucially, reservoir quality metrics – pressure, production rates, and cumulative revenue – are accurate and 

reliable numbers, not errors. 

 

Research Opportunities 

The case study demonstrates the potential of seismic characterization in developing reservoir models 

from exploration to production (Górszczyk & Operto, 2021). Seismic data provide unique, complementary 

descriptions to well data, enhancing modeling objectives. Integrating both types can optimize well selection, data 

usage, and cost-benefit balance, while considering data uncertainty. 

Significantly, much seismic data remains underutilized, often relegated to qualitative roles or excluded 

from models despite its quantitative potential for reservoir property insights (Cultrera et al., 2021). 

The case study reveals trends worthy of further exploration, particularly in structural geology contexts. 

Seismic and well-log descriptions operate at distinct scales, making integration challenging (Verma et al., 2022). 

However, interdisciplinary collaboration between geophysicists, sedimentologists, and petrologists can resolve 

inconsistencies between high-resolution well logs and heterogeneous seismic attributes. 

By adapting technology to geological principles, multilevel modeling can become more practical within 

integrated multidisciplinary exploration and production frameworks (Lai et al., 2024). This integration will 

enhance the application and interpretation of seismic and well-log data, ultimately improving reservoir modeling 

accuracy. 

 

III. Conclusion 

There is growing optimism that seismic data will enhance assessments of subsurface oil and gas 

reservoirs' prospects and properties. This optimism is now substantiated by improved understanding of reservoir 

flow's history dependence and seismic response sensitivity to stress, pore filling, and fracture systems. 

A notable illustration demonstrates how seismically derived attributes with modest sensitivity to sand 

and reservoir architecture, via attenuation models, can align flow forecasts with reservoir architects' geometric 

interpretations. This integration fosters more consistent and reliable business models. 

The convergence of seismic data, reservoir architecture, and flow forecasting has significant implications 

for the oil and gas industry. By leveraging seismic attributes, operators can refine their understanding of reservoir 

properties and optimize field development strategies. 

 

 



Integrating Seismic Data with Other Subsurface Information for More Accurate .. 

119 

References: 
[1]. Abelly, E. N., Yang, F., Ngata, M. R., Mwakipunda, G. C., & Shanghvi, E. R. (2024). A field study of pore-network systems on the 

tight shale gas formation through adsorption-desorption technique and mercury intrusion capillary porosimeter: percolation theory 
and simulations. Energy, 131771. 

[2]. Ballinas, M. R., Bedle, H., & Devegowda, D. (2023). Supervised machine learning for discriminating fluid saturation and presence 

in subsurface reservoirs. Journal of Applied Geophysics. [HTML] 
[3]. Bashir, Y., Kemerli, B. D., Yılmaz, T., Saral, M., Göknar, E. C., & Korkmaz, E. (2024). Reconstruction of Subsurface Potential 

Hydrocarbon Reservoirs Through 3D Seismic Automatic Interpretation and Attribute Analysis. Physics and Chemistry of the Earth, 

Parts A/B/C, 103751. 
[4]. Basso, M., Souza, J. P. P., Honório, B. C. Z., Melani, L. H., Chinelatto, G. F., Belila, A. M. P., & Vidal, A. C. (2022). Acoustic image 

log facies and well log petrophysical evaluation of the Barra Velha Formation carbonate reservoir from the Santos Basin, offshore 

Brazil. Carbonates and Evaporites, 37(3), 50. [HTML] 
[5]. Bate, B. B., Boboye, O. A., Fozao, K. F., Ndip, E. A., & Anene, N. O. (2023). Petrophysical characterization and 3D seismic 

interpretation of reservoirs in the Baris Field, onshore Niger Delta Basin, Nigeria. Energy Geoscience. 
[6]. Bennis, M., & Torres-Verdín, C. (2023). Numerical Simulation of Well Logs Based on Core Measurements: An Effective Method for 

Data Quality Control and Improved Petrophysical Interpretation. Petrophysics-The SPWLA Journal of Formation Evaluation and 

Reservoir Description, 64(05), 753-772. researchgate.net 

[7]. Borleanu, F., Petrescu, L., Placinta, A. O., Magrini, F., Grecu, B., Radulian, M., & De Siena, L. (2024). Seismic attenuation 

tomography of Eastern Europe from ambient seismic noise analysis. Geophysical Journal International, 236(1), 547-564. oup.com 

[8]. Bruno, G., Avanzi, F., Gabellani, S., Ferraris, L., Cremonese, E., Galvagno, M., & Massari, C. (2022). Disentangling the role of 
subsurface storage in the propagation of drought through the hydrological cycle. Advances in Water Resources, 169, 104305. [HTML] 

[9]. Cao, X., et al. (2024). Three-Dimensional Geological Modelling in Earth Science Research: An In-Depth Review and Perspective 

Analysis. Minerals. [MDPI] 
[10]. Carollo, A. (2023). Multi-disciplinary analysis to construct a crustal model of the Sicily Channel using geological and geophysical 

techniques (data): impacts on geological hazard. depositolegale.it 

[11]. Chen, Y. (2021). Geostatistical and Network Analysis of Non-Stationary Spatial Variation in Ground Motion Amplitudes. [HTML] 
[12]. Chen, Y., & Yang, J. (2023). Small-strain shear modulus of silty sands: the role of sample preparation method. Géotechnique. 

[13]. Chikezie, P. C., Okechukwu, S. I., Onyedire, N., Akaolisa, C. C., Opara, A. I., & Okoli, E. A. (2022). Rock physics as a tool for 

seismic stratigraphy and structural interpretation of late Miocene southwestern Deep Offshore Niger Delta, West African Continental 
Margin. Journal of Sedimentary Environments, 7(3), 351-369. 

[14]. Ciardelli, C., et al. (2022). SphGLLTools: A toolbox for visualization of large seismic model files based on 3D spectral-element 

meshes. Computers & Geosciences. [ScienceDirect] 
[15]. Correia, M. G., Maleki, M., Mesquita da Silva, F. B., Gomes, A. D., & Schiozer, D. J. (2023). Integrated approach to improve 

simulation models in a deep-water heavy oil field with 4D seismic monitoring. Petroleum Geoscience, 29(1), petgeo2022-048. 

[16]. Cultrera, G., Cornou, C., Di Giulio, G., & Bard, P. Y. (2021). Indicators for site characterization at seismic station: recommendation 

from a dedicated survey. Bulletin of Earthquake Engineering, 19(11), 4171-4195. springer.com 

[17]. Deng, H. W., Zhao, H. B., Zhang, Z. M., Ding, S., Chu, H. H., & Chen, B. (2023). Comprehensive Management and Application for 

Big Data of Pre-stack Seismic Data. In International Field Exploration and Development Conference (pp. 291-297). Singapore: 
Springer Nature Singapore. 

[18]. Du, X. & Thakur, G. C. (2024). Lessons Learned from the Process of Water Injection Management in Impactful Onshore and Offshore 

Carbonate Reservoirs. Energies. mdpi.com 
[19]. Eigbe, P. A., Ajayi, O. O., Olakoyejo, O. T., Fadipe, O. L., Efe, S., & Adelaja, A. O. (2023). A general review of CO2 sequestration 

in underground geological formations and assessment of depleted hydrocarbon reservoirs in the Niger Delta. Applied Energy, 350, 

121723. 
[20]. Elaila, S. E., et al. (2024, March). Improving the Effectiveness of Rig-Based Interventions in Tri-Lateral Oil Producers: Harnessing 

Advanced Coiled Tubing Optical Telemetry Fused with Single-Phase Retarded Inorganic Acid System: A State-Of-The-Art Study 

from the North Kuwait Field. In SPE/ICoTA Well Intervention Conference and Exhibition (p. D011S001R008). SPE. [HTML] 

[21]. Fam, H. J. A., Naghizadeh, M., Smith, R., Yilmaz, O., Cheraghi, S., & Rubingh, K. (2023). High‐resolution 2.5 D multifocusing 
imaging of a crooked seismic profile in a crystalline rock environment: Results from the Larder Lake area, Ontario, Canada. 

Geophysical Prospecting, 

[22]. Fu, L., Yu, Y., Xu, C., Ashby, M., McDonald, A., Pan, W.,  & Lee, J. (2024). Well-Log-Based Reservoir Property Estimation With 
Machine Learning: A Contest Summary. Petrophysics, 65(01), 108-127. [HTML] 

[23]. Gao, R., & Ye, J. (2024). A novel relationship between elastic modulus and void ratio associated with principal stress for coral 

calcareous sand. Journal of Rock Mechanics and Geotechnical Engineering, 16(3), 1033-1048. 
[24]. Górszczyk, A. & Operto, S. (2021). GO_3D_OBS: the multi-parameter benchmark geomodel for seismic imaging method assessment 

and next-generation 3D survey design (version 1.0). Geoscientific Model Development. [Copernicus] 

[25]. Grana, D., Azevedo, L., De Figueiredo, L., Connolly, P., & Mukerji, T. (2022). Probabilistic inversion of seismic data for reservoir 
petrophysical characterization: Review and examples. Geophysics, 87(5), M199-M216. 

[26]. Habeeb, A. (2023). Introduction and Investigation into Oil Well Logging Operations. Journal of Engineering. uobaghdad.edu.iq 

[27]. Han, H. & van der Baan, M. (2024). Constraint strategies for estimating in-situ stress from borehole measurements. Geomechanics 
for Energy and the Environment. [HTML] — (Matches Han & van der Baan, 2024) 

[28]. Hasoon, S. K. & Farman, G. M. (2024). A Comprehensive Review for Integrating Petrophysical Properties, Rock Typing, and 

Geological Modeling for Enhanced Reservoir Characterization. Journal of Engineering. uobaghdad.edu.iq 
[29]. Hendry, J., Burgess, P., Hunt, D., Janson, X., & Zampetti, V. (2021). Seismic characterization of carbonate platforms and reservoirs: 

an introduction and review. lyellcollection.org 

[30]. Hussein, M., Stewart, R. R., Sacrey, D., Wu, J., & Athale, R. (2021). Unsupervised machine learning using 3D seismic data applied 
to reservoir evaluation and rock type identification. Interpretation. 

[31]. Iqbal, S. M., Cheng, L., Sun, H., Hu, D., Tian, S., Zhou, H., & Wang, Q. (2024). Advanced three-dimensional reservoir geomechanical 

modeling for enhanced characterization and stress profile predication of oil and gas reservoirs. Physics of Fluids, 36(10). [HTML] 
[32]. Ismail, A., Radwan, A. A., Leila, M., & Eysa, E. A. (2024). Integrating 3D subsurface imaging, seismic attributes, and wireline 

logging analyses: Implications for a high resolution detection of deep-rooted gas escape features. Journal of African Earth Sciences. 

[33]. Kadyrov, R., Nurgaliev, D., Saenger, E. H., Balcewicz, M., Minebaev, R., Statsenko, E., ... & Galiullin, B. (2022). Digital rock 
physics: Defining the reservoir properties on drill cuttings. Journal of Petroleum Science and Engineering, 210, 110063. [HTML] 



Integrating Seismic Data with Other Subsurface Information for More Accurate .. 

120 

[34]. Khalifa, A. E., Moncef, Z., & Radwan, A. E. (2024). Integrated geological data, 3D post‐stack seismic inversion, depositional 
modelling and geostatistical modelling towards a better prediction of reservoir property. Geological Journal. 

[35]. Khodkari, N., Hamidian, P., Khodkari, H., Payan, M., & Behnood, A. (2024). Predicting the small strain shear modulus of sands and 

sand-fines binary mixtures using machine learning algorithms. Transportation Geotechnics, 44, 101172. 
[36]. Kolkman-Quinn, B. J. (2022). Time-lapse VSP monitoring of CO2 sequestration at the CaMI Field Research Station. ucalgary.ca 

[37]. Kryukov, V. A. & Tokarev, A. N. (2024). Opportunities for the Development of Tyumen Oblast Based on Innovations for the Oil and 

Gas Sector, Production of High-Tech Equipment, and High-Tech Services. Regional Research of Russia. [ResearchGate] 
[38]. Lai, J., Wang, G., Fan, Q., Pang, X., Li, H., Zhao, F., ... & Wang, Q. (2022). Geophysical well-log evaluation in the era of 

unconventional hydrocarbon resources: a review on current status and prospects. Surveys in Geophysics, 43(3), 913-957. 

researchgate.net 
[39]. Lehmann, F., et al. (2024). Synthetic ground motions in heterogeneous geologies from various sources: the HEMEW S-3D database. 

Earth System Science Data. [Copernicus] — 
[40]. Leisi, A. & Saberi, M. R. (2023). Petrophysical parameters estimation of a reservoir using integration of wells and seismic data: a 

sandstone case study. Earth Science Informatics. [HTML] 

[41]. Lin, Y., Theiler, J., & Wohlberg, B. (2023). Physics-guided data-driven seismic inversion: Recent progress and future opportunities 
in full-waveform inversion. IEEE Signal Processing Magazine, 40(1), 115-133. [HTML] 

[42]. Liu, N., Wei, S., Yang, Y., Li, S., Sun, F., & Gao, J. (2022). Seismic attenuation estimation using an enhanced log spectral ratio 

method. IEEE Geoscience and Remote Sensing Letters, 19, 1-5. [HTML] 

[43]. Maldar, R., Ranjbar-Karami, R., Behdad, A., & Bagherzadeh, S. (2022). Reservoir rock typing and electrofacies characterization by 

integrating petrophysical properties and core data in the Bangestan reservoir of the Gachsaran oilfield, the Zagros basin, Iran. Journal 

of Petroleum Science and Engineering, 210, 110080. [HTML] 
[44]. Masoudi, P. (2024). Analysing spatialized data: applications of geo-datasciences in geophysics and petroleum industry. hal.science 

[45]. Meng, L., & Yan, X. H. (2022). Remote Sensing for Subsurface and Deeper Oceans: An overview and a future outlook. IEEE 

Geoscience and remote sensing magazine, 10(3), 72-92. [HTML] 
[46]. Mishra, A., Sharma, A., & Patidar, A. K. (2022). Evaluation and development of a predictive model for geophysical well log data 

analysis and reservoir characterization: Machine learning applications to lithology …. Natural Resources Research. [HTML] 

[47]. Muller, A. P., Bom, C. R., Costa, J. C., Klatt, M., Faria, E. L., Silva, B. D. S., ... & de Albuquerque, M. P. (2023). Deep-tomography: 
iterative velocity model building with deep learning. Geophysical Journal International, 232(2), 975-989. [PDF] 

[48]. Nabawy, B. S., Abudeif, A. M., Masoud, M. M., & Radwan, A. E. (2022). An integrated workflow for petrophysical characterization, 

microfacies analysis, and diagenetic attributes of the Lower Jurassic type section in northeastern Africa margin: Implications for 
subsurface gas prospection. Marine and Petroleum Geology, 140, 105678. [HTML] 

[49]. Oumarou, S., Mabrouk, D., Tabod, T. C., Marcel, J., Ngos III, S., Essi, J. M. A., & Kamguia, J. (2021). Seismic attributes in reservoir 

characterization: an overview. Arabian Journal of Geosciences, 14, 1-15. 
[50]. Posamentier, H. W., Paumard, V., & Lang, S. C. (2022). Principles of seismic stratigraphy and seismic geomorphology I: Extracting 

geologic insights from seismic data. Earth-Science Reviews. 

[51]. Ramkumar, M., Nagarajan, R., & Santosh, M. (2021). Advances in sediment geochemistry and chemostratigraphy for reservoir 
characterization. Energy Geoscience. sciencedirect.com 

[52]. Rohit, Manda, S. R., Raj, A., & Andraju, N. (2023). A machine learning approach to predict geomechanical properties of rocks from 

well logs. International Journal of Data Science and Analytics, 1-18. [HTML] 
[53]. Sabouhi, M., Moussavi-Harami, R., Kadkhodaie, A., Rezaee, P., Jalali, M., & Wood, D. A. (2023). Stratigraphic influences on 

reservoir heterogeneities of the Mid-Cretaceous carbonates in southwest Iran: Insight from an integrated stratigraphic, diagenetic and 

seismic attribute study. Journal of Asian Earth Sciences, 243, 105514. [HTML] 
[54]. Schiozer, D. J., Santos, S. M., Santos, A. A. S., & von Hohendorff Filho, J. C. (2022). Model-based life-cycle optimization for field 

development and management integrated with production facilities. SPE Europec featured at EAGE Conference and Exhibition. 

[55]. Shin, J., Ha, J., & Jun, H. (2024). Time-lapse imaging of shallow water coastal regions using a portable ultra-high-resolution 3D 
seismic survey system: a case study from offshore Pohang, South Korea. Acta Geophysica. [HTML] 

[56]. Sihoyiya, M., Hloušek, F., Manzi, M. S., Rapetsoa, M. K., Buske, S., & Khoza, D. (2024). Seismic imaging of the complex geological 

structures in the southwestern edge of the Western limb, Bushveld Complex through focusing pre‐stack depth migration of legacy 2D 
seismic data. Geophysical Prospecting, 72(7), 2504-2519. 

[57]. Sokolov, A., Schulte, B., Shalaby, H., & van der Molen, M. (2021). Seismic inversion for reservoir characterization. In Applied 

techniques to integrated oil and gas reservoir characterization (pp. 329-351). Elsevier. [HTML] 

[58]. Stadtműller, M. & Jarzyna, J. A. (2023). Estimation of petrophysical parameters of carbonates based on well logs and laboratory 
measurements, a review. Energies. mdpi.com 

[59]. Tao, S., Li, D. G., Xiao, Y. Z., Jing, L., & Ming, Z. (2024). Seismic identification and characterization of complex storage space oil 

and gas reservoirs. Applied Geophysics. [HTML] 
[60]. Taras, Y. & Riahi, M. A. (2023). Geomechanical assessments of a sandstone reservoir using 3D pre-stack seismic and wellbore data. 

Journal of African Earth Sciences. [HTML] 

[61]. Tiab, D. & Donaldson, E. C. (2024). Petrophysics: theory and practice of measuring reservoir rock and fluid transport properties. 
[62]. Tian, F., Zhang, J., Zheng, W., Zhou, H., Ma, Q., Shen, C., ... & Liu, Y. (2023). “Geology-geophysics-data mining” integration to 

enhance the identification of deep fault-controlled paleokarst reservoirs in the Tarim Basin. Marine and Petroleum Geology, 158, 

106498. sciencedirect.com 
[63]. Tsai, V. C., Huber, C., & Dalton, C. A. (2023). Towards the geological parametrization of seismic tomography. Geophysical Journal 

International, 234(2), 1447-1462. oup.com 

[64]. Tura, A., Simmons, J., Daneshvar, S., Copley, M., & Stitt, J. (2022). Improving reservoir characterization and time-lapse seismic 
through joint inversion of PP-and PS-wave seismic data. Interpretation. 

[65]. Verma, S., Bhattacharya, S., Fett, T., Avseth, P., & Lehocki, I. (2022). Imaging and interpretation: Seismic, rock physics and image 

log analysis workflows for deepwater systems. In Deepwater Sedimentary Systems (pp. 555-591). Elsevier. [HTML] 
[66]. Zeeden, C., Ulfers, A., Pierdominici, S., Abadi, M. S., Vinnepand, M., Grelle, T., ... & Wonik, T. (2023). Downhole logging data for 

time series analysis and cyclostratigraphy. Earth-Science Reviews, 241, 104436. gfz-potsdam.de 

[67]. Zeng, H., Yeh, H. G., Zou, G. G., Gong, F., Peng, S. P., She, J. S., & Zhao, T. L. (2023). Phase analysis of signals using frequency-
dependent attenuation for measurements of seismic waves. Geophysics, 88(3), V139-V154. [HTML] 

[68]. Zhang, M., Zhang, X., Liang, J., Jiang, X., Gan, L., Sun, X., & Yu, X. (2024). Application of multicomponent seismic data to tight 

gas reservoir characterization: A case study in the Sichuan Basin, China. Geophysics, 89(4), B301-B315. [HTML] 



Integrating Seismic Data with Other Subsurface Information for More Accurate .. 

121 

[69]. Zheng, Y. & Wang, Y. (2023). High-resolution reflection seismic imaging to reveal subsurface geologic structures of a deep 

geothermal reservoir. Geophysics. 
[70]. Zolfaghari, M. R. & Forghani, M. (2024). Spatial correlation assessment of multiple earthquake intensity measures using physics-

based simulated ground motions. Scientific Reports. nature.com 


