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Introduction
Significant demand to recover remaining reserves requires understanding of deeper and more geologically complex reservoirs. Deeper reservoirs for most part covered by fewer wells and gathered less information, hence scenario-based analyses are favourable to reduce exploration and development risks. Advancements in technology are crucial for identification and evaluation of hydrocarbon prospects under these scenarios. However, in spite of our current sophisticated interpretation schemes and advanced computer algorithms, there are still important limitations to accurately acquire subsurface properties from the seismic data alone. In this paper, we are presenting a new workflow utilizing basin based information to verify and validate geological assumptions and predictions.

Methodology

In recent years different seismic attributes and machine learning techniques are used to identify geological features from seismic as mentioned in Arshin et al., (2014). A major challenge in identification and evaluation of hydrocarbon prospects in the subsurface is to fill in the fundamental gap between available data (seismic, well logs, and cores) and the data that are needed to accurately describe subsurface heterogeneities. 

Synthetic stratigraphy modelling offers a method to demonstrate depositional and stratigraphic processes on a grain size scale. Utilizing rock physics equations and assumptions, these synthetic stratigraphic models can be transformed into rock properties such as elastic moduli, velocity and density. The presumed rock physics properties are thus used to generate synthetic seismic traces, which permit contemplating the seismic expression of stratigraphic features on different scales. By exploiting these models onto existing hydrocarbon reservoirs can offer new understanding into subsurface insights and other characteristics of reservoirs that cannot be provided by conventional approaches.

The main objective of this study is to build up a work process for a seismic modelling that utilizes deterministic rock physics to de-risk and reduce uncertainties in reservoir prediction and characterization. This general objective entails three specific goals: 1) to model geological hypotheses and test the applicability of any given depositional system in a reservoir; 2) to incorporate and constrain predictions with well data using rock physics analysis as a bridge between stratigraphic and seismic elastic parameters; 3) to apply multiple realizations based on statistical variation of process parameters and characterize depositional uncertainty in given test models.

The implication of this modelling methodology is showcased in a case example of a channelized system. Interpreters are allowed to tinker with any parameter and its statistical variation controlling the rock physics input into the model, and will subjectively compare the output with the actual seismic. A major short-coming of this work process is its inability to honour real data because it employs a one-way forward modelling. The method gives a high geological realism but very low on validation. A possible solution to overcome this is to introduce iterations in timely sequence to link between seismic validation and stratigraphy model customization. 
We look at the effect of change in porosity for the example of a brine-filled model constrained by its statistical variation (Figure 1). The base case for the study uses the mean porosity from the database, while the upper and lower case will be using the upper and lower standard deviation of porosity respectively. The second effect analysed was the change in fluid content. We used nearby field fluid information and implemented Gassmann’s fluid substitution equation in the workflow.
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Figure 1: Synthetic seismic 3D realizations on a channelized system case model to study on the effects of change in porosity and fluid content. Amplitudes were computed using full Zoeppritz equation and synthetic realizations were generated.  

Workflow concepts towards bridging geological understanding and seismic response

Synthetic stratigraphy modelling provides a numerical approach to simulate the complex interaction between accommodation space, sediment supply and transport in a quantitative manner on different sedimentary processes. Detailed stratigraphic modelling techniques are given, for example, by Paola (2000) and Burgess (2012). 

An integrated workflow (Figure 2) is designed to mitigate the seismic data constraints by exploiting data provided by geologic and geophysical inputs. Stratigraphic modelling and rock physics modelling steps are crucial components of the method, in which elastic properties such as P- and S-wave velocities, and density are predicted based on geologic input. The predicted model properties can be directly used in synthetic seismic generation.

[image: ]
Figure 2: Overview of the integrated workflow linking geology and geophysics to test applicability of geological hypotheses in a reservoir. This allows the construction of more realistic and defendable geological models.

Rock physics is the link between rock properties and seismic interpretation, and is the fundamental constituent to the quantitative integration of surface seismic data, well logs, and core information (Mavko and Nur, 1996). Elasticity theory provides relations for the velocity of P (Vp) and S (Vs) seismic waves in terms of elastic constants, and the elastic media can be established from velocity and density ρ measurements.

An approach to generate synthetic stratigraphic (Figure 3) is presented to mimic the presumed depositional setting; a complex channelized system. There are a variety of techniques available in fluvial reservoir characterization that can generate geologically realistic realizations as illustrated by Velve (2018) can be used to improve the input container model.
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Figure 3: Illustration showing the methodology of generating synthetic stratigraphy model for a channelized system case model, utilizing nearby exploration well logs and relating back to interpreters’ conceptual model. 

Applications to field examples

For the first case study, a stratigraphic model was generated in a fluvial setting, consisting of different geobodies of point bars and channel sand facies. By analysing well logs and core data, a governing effective-medium-based rock physics model was determined. All necessary initial process tasks include the identification of major types of deposits and depositional environments from core; petrophysical properties analysis such as changes in texture and cementation; and computation of seismic parameters from log data. 

Using the ensuing velocities and densities, synthetic seismic stacks have been generated. The amplitudes were computed using the Zoeppritz equations and stacking amplitudes for a given range of incidence angles. Correct linear modelling methods limitation ignores, for example, the effects of attenuation and complex 3D ray paths. However, it has the benefit of being computationally fast, thereby permitting testing of parameters, rock-physics relations, and distinctive stratigraphic models.

Another example shown in Figure 4, we present a case model of a delta fan within a half graben depositional setting in a lacustrine environment. Here we are evaluating a prospect of a silty sand package within muddy facies background. In this example, we look at the effect of change in fluid content. Similarly, we utilized nearby field rock and fluid information and associating rock physics models in the workflow.
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Figure 4: Seismic realizations of a delta fan prospect validation in a half graben setting in a lacustrine environment. Brine to oil to gas case scenarios are studied.

Conclusions

We have presented a work process for seismic modelling that utilizes deterministic rock physics to de-risk and reduce uncertainties in reservoir evaluation. Modelling a range of realistic stratigraphic scenarios and validating these with observed seismic and well information enables a more robust assessment of the uncertainties associated with subsurface properties prior to depositional understanding, prospect maturation and drilling. In a nutshell, this workflow allows interpreters to evaluate multiple possibilities without going into a full inverse solution.
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