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The central tenet of a reservoir compartment study is that homogenization of an oil column is rapid, particularly in a 

high-quality well-connected reservoir, unless a barrier is present. Examples of potential complications include 

insufficient time for mixing, an episodic reservoir filling history, and compositional grading of the oil column. The rock 

matrix properties (e.g., permeability, bed dimensions, etc.) as well as those of the fluid (e.g., GOR, viscosity) exert 

significant influence over the rate at which the equilibrium process will proceed, and thus need to be included in the 

estimation of the time needed for an equilibrium state to occur. It is also known that recent changes to the oil column 

have profound influence on the degree of homogenization. An influx of hydrocarbons can occur in the natural form as 

recent hydrocarbon charge, but it may also be related to a production activity such as miscible flooding with carbon 

dioxide. Additional processes that act to promote oil column disequilibrium include changes in the temperature and 

pressure, secondary alteration, and shear. Likewise, the removal of hydrocarbons from the reservoir unit by seal 

leakage (e.g., episodic vertical migration up a growth fault) or simply due to routine production practice will affect the 

equilibrium state. These processes need to be taken into account to screen candidates for a successful reservoir 

continuity study. This practice will provide a basis for identification of circumstances where reservoir continuity will 

work, as well as those cases where the routine application will fail. 

An enormous database of knowledge exists with regard to the systematic changes that will occur to an oil 

composition on a molecular level as a response to extraneous influences to the system. To integrate this knowledge 

into the reservoir continuity technologies, this paper advocates the identification of the molecular species responsible 

for the ratio-based variation between different samples. It is also emphasized that this data should be used in 

conjunction with chemometric approach to identify consistent series of peak ratio combinations that are indicative of 

specific reservoir processes. The combination of these geochemical tools enable the petroleum systems analyst to 

identify molecular combinations that are attributed to oil column disequilibrium, from those responsible for defining 

separate reservoir compartments. For example, in a case where an oil reservoir is being altered by compositional 

grading, a consistent increase will be observed in the molecular ratios that correspond to saturate/aromatic pairs, as 

well as a decrease in the aromatic/saturate pairs, within the evolving light fraction. The inverse relationships will be 

observed in the evolving heavy fraction. The consistency of the numerous ratios provide a converging interpretation 

within the data analysis scheme to provide a high degree of confidence in the overall interpretation. These ratios can 

then be masked in subsequent analytical steps to search for process-independent molecular ratios that will identify 

individual reservoir compartments. Likewise, specific isomers of related compounds will be consistently fractionated 

with other alteration processes. The end-product of this novel procedure is to reduce the risk of erroneous 

interpretations. Failure to recognize the effects of disequilibrium will result in the identification of false compartments, 

which ultimately undermines the confidence of the engineering team members. Case studies to demonstrate the 

potential impact of these geochemical studies are provided from a variety of settings, including the geologic-induced 

disequilibrium process imposed on giant oil fields in the Southern Apennines (Italy) and the anthropogenic-influenced 

disequilibrium imposed on the reservoir at Rangely field (USA). This type of molecular interface within the reservoir 

continuity interpretation process allows the methodology to gain credibility by reducing the risk of identifying false 

compartments. This technique will also be insightful to reservoirs that are at an early stage of development, where the 

database is scant and engineering testing budgets are strained to achieve a critical mass of knowledge for successful 

planning of field development. Only with successful application will the technology be extended to its fullest potential, 

which will be that of a routine tool used by the reservoir engineer. 



 


