Steps in a Simulation Study
There are five basic steps in conducting a reservoir simulation study:

setting concrete objectives for the study
selecting the proper simulation approach

preparing the input data

planning the computer runs (including the order in which they occur)

analyzing the results

Setting the Objectives
Setting objectives is the most important step in conducting a simulation study. Clearly defined objectives help us obtain the best information at the lowest cost and in the least amount of time. Improperly set objectives can take the study on a long, roundabout journey which leads to nowhere.

There are a number of factors that help us define appropriate objectives. The most important of these are data availability, the required level of detail, availability of technical support and available resources. In setting objectives , we use all of these factors to determine how to proceed. For example, it is unrealistic to attempt three-dimensional simulation when the available geological data gives no information about the presence and description of the various formation layers present in the reservoir.

In the broadest sense, when we consider all these factors, we will arrive at one of two types of objectives. These are sufficiently distinct that they affect the entire planning process of the simulation study. One type of objective is fact-finding, while the other is to establish an optimization strategy.

Fact-finding involves answering questions about a system or process that is already in place. For example, a simulation study that matches well test data for the purpose of determining the damaged zone around a wellbore is a fact-finding mission.
Optimization involves developing a number of plausible scenarios for a process (e.g., waterflooding) and studying the system response in an attempt to determine the optimum scenario. In this case,we must design a suite of numerical exercises, being careful to avoid waste on exercises that may not significantly contribute toward the goal.

Choosing the Simulation Approach
In choosing the simulation approach, we need to consider three basic factors:

reservoir complexity
fluid type

scope of the study

While reservoir complexity and the scope of the study determine the simulator’s dimensions and coordinate geometry, the fluid type (together with the processes involved) dictate whether we should use a black-oil model or a more specialized model. For example, predicting well performance in a gas condensate reservoir will require a compositional rather than a black oil simulator. Furthermore, if the reservoir is thin and unlayered, it will be sufficient to use a one-dimensional radial flow geometry. Carrying out such a study with a three-dimensional compositional simulator will require additional computational resources whose added benefit cannot be justified. In any case, we must exercise our judgement and ingenuity in selecting the most appropriate simulation approach.
Preparing the Input Data
Because simulation studies usually require large volumes of information from a wide range of sources, preparing the input data can be a laborious task. However, the time spent in ensuring that data are properly prepared is worthwhile, in that it can prevent a great deal of headaches and waste later on in the study. Often, we discover data input errors only after a problem surfaces during the run, which wastes both time and computing resources.

It is our responsibility to ensure internal consistency in the data. Because data come from different sources, internal inconsistencies are not uncommon. We should resolve inconsistencies during the data input preparation. When data inconsistencies are present, they can lead to an ill-posed problem. Even worse, they could go undetected. With an ill-posed problem, we may be able to find the inconsistency by the failure of the simulator to run; but in the case of buried inconsistencies, the simulator may run and yield erroneous solutions.

Pre-processing capability, particularly for the commercial codes currently available, can facilitate data preparation. Sometimes these processors have internal checks to flag any detected inconsistencies in the data.

While data preparation is the simulation engineer’s job, input from other supporting personnel is extremely important. If inconsistencies appear in the data, or even if some data appear doubtful, it is imperative to resolve the problem with the help of the geologist, geophysicist and perhaps the production engineer. In summary, there is no overemphasizing the importance of adequate data preparation prior to making a simulation study. The payoff is exceptionally good.

Planning the Computer Runs
Planning computer runs is deceptively simple. To understand the necessity and the complexity of this planning, we only need to imagine a simulation study as a complex road map where the traveler knows the point of origin and the destination (these are clear enough from the objectives of the study). However, just as a traveler requires careful mapping out of the route that will get him or her to the destination in the best time possible, we must carefully map out the type and number of computer runs that will achieve the set objectives at a minimum cost. In so doing, we must account for several factors, which are usually problem dependent. We should consider the number of parameters to be examined, the duration of prediction, and the type of information needed to answer the pertinent questions.

Careful planning of computer runs includes not only determining their order, but also establishing a systematic labeling procedure for them. This is particularly important because of the large number of runs usually required and the voluminous amount of information invariably generated for analysis.

Analyzing the Results
When we have analyzed the results of the simulation study and made pertinent inferences from it, we can evaluate its success. This step caps all the efforts previously discussed. Considering the amount of effort that we expend on the simulation study up to this point, it is tempting to become a biased arbiter of the results. On the contrary, this is the time to ask critical questions and even ponder over the implications of the results. In other words, we must not become easy subscribers to our solutions.

The mode of analysis and the presentation of results will depend very largely on the audience for whom they are meant and the post-processing capability available. The graphics capabilities currently available on most computers makes this process easier and even more inviting. It is now not uncommon to display information using three-dimensional graphics. In addition, graphics features, such as image rotation and animation, enhance our interpretation and inferential ability.

