Model Development
The Capacitance Resistance Model
To make the derivation as clear as possible we will spend some time to explain how our model1 differs from existing models, and in particular the  Capacitance Resistance Model (CRM) models 2. Our model and the CRM models are based on a tank model 3. For a tank model the macroscopic equations for conservation volumes are:
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Where  is the volume of oil or water in the reservoir, and  and  is the amount of oil or water injected and produced respectively. The tank models views the reservoir as a single tank, and only average properties inside the tank has any meaning. In the CRM models they sum equation  (1) for each phase, to obtain
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where , and  is the average reservoir pressure,  is the pore compressibility, and , is the total pore volume. In order to proceed from equation (1), one need a constitutive equation that connect changes of the average reservoir pressure to the production rates. For the CRM models they neglect capillary pressure and relates the average pressure inside the reservoir to the well pressure 
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Where  is the productivity index. Equation (3) is combined with equation (2) to obtain an equation without the average reservoir pressure 4:
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where  is a time constant,  is now the total production of fluids from the well, and is the total injected fluids. Equation (4) can be extended to account for more than one production well, and multiple injection wells 4, and thereby extracting information about inter well connectivity 2,4, and water flood performance 5. 
A resource model for waterflooded reservoirs 
Our starting point for the model development is equation (1). We would like to model the reservoir performance throughout the full lifetime. During the lifetime of a reservoir wells are drilled at infrequent intervals, thus the production rate in equation (1) is replaced by
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where  is the time at which a new well is put into production,  is the Heaviside step function,  is the production rate for an individual well, and  is the number of wells. We are also going to relate the fluid production rate of a well to the total production rate of a well, by introducing the water fraction in the produced fluid of a well
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In an oil water system the fraction of oil is simply: . Equation (1), can then be written 
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Note that we have assumed that the total pore compressibility is small, i.e. that we can put the pore volume in the equation above outside the derivative. The concentration (or equivalent the water saturation) in the reservoir is denoted as  . Before we proceed to the general case it is instructive to consider only a single producer.
One injector and one producer 
In this case the equation (7) simplifies to  
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We will further assume that only water is injected, and that an equal amount of fluids are produced, hence  This equation cannot be solved without making assumptions about the relationship between  and . In the CRM models this is done through the average reservoir pressure and the individual well pressure. We suggests to use the methodology from chemical engineering 6, where one uses the residence time distribution (RTD), , to characterize the system. In this case we view the reservoir as a chemical reactor, where an amount of water is injected, the water may spend a short or long time in the reservoir depending on the reservoir properties. The RTD describes the fraction of the material that has been in the system between  and . Thus, information such as the amount of fracture vs matrix flow will be
contained in the RTD. In chemical engineering the RTD is determined by injecting a tracer concentration for a very short time in the system, and measure the exit concentration as a function of time. If the RTD is known for a system the output concentration for any injection scheme can be found by a convolution integral
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The RTD for an oil reservoir is unknown, and there is no practical way of achieving it experimentally. Thus, we will have to make some assumptions for the RTD, and use a model for the mixing in the reservoir to determine .  The simplest possible model for the RTD, is continuous stirred mixing tanks.
The idea is to split the reservoir into several smaller units of equal volume. By well mixed we mean that as a fluid element enters the tank it is uniformly distributed in the tank. Clearly, this is a simplifying assumption, and it is not a priori clear why such a simple model should capture the transport processes in a producing reservoir. Ultimately a simple model must be justified from data, but we will also try to give a physical interpretation of why mixing tanks in a series might make sense. Whenever water is injected into a reservoir it will follow the path of least resistance to the producer. Water is injected along the well bore, which may be horizontal or vertical. Part of the water might be injected where there is a short cut to the producer, e.g. places with a fracture or a high permeable zone, and part of the water might be injected in zones with lower permeabilities. Thus, ultimately the water injected in a well can spend a long or a short time in the reservoir depending on reservoir heterogeneities and/or gravity. If we consider the reservoir as a single tank, there will be a great (infinite) variation in residence times, some water appears in the producer immediately and some water uses infinite amount of time before it is produced. This corresponds to a great variation in heterogeneities in the reservoir, some high permeable fractures that directly connects the injector and producer and some very low permeable zones which significantly slows down the arrival time of the water. Adding more tanks between the producer and injector will slow down the water breakthrough and in the limit of an infinite amount of tanks, all the injected water will be produced after exactly the same time and all the hydrocarbons will have been displaces. This would correspond a piston displacement, which would be the best way of producing a reservoir. Thus, by varying the number of tanks one can mimic a very hetereogeneous and homogeneous displacement. 
The RTD for a system with  tanks in a series is 7
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 is a time constant which is related to the total volume of the reservoir (all the mixing tanks)
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Assuming that only water is injected during the lifetime of the reservoir, i.e.  , oil production can be found from equation (9) and (10)
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where  is the incomplete Gamma function. 
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