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Limited information: During 
exploration, information about potential aquifers is 

often scarce.

Clues from performance: Early signs of water influx 
come from reservoir performance data.

Introduction



Indicators:

• Slower pressure decline: Compared to withdrawal, if pressure decline is slow and decreasing, it 
suggests influx.

• Pressure change analysis: Tracking barrels withdrawn per pressure drop can support this 
observation.

• Reservoir boundaries: If boundaries are unknown, influx might be from an unmapped area.
• Gas-oil ratio: If reservoir pressure is below oil saturation pressure, a slow increase in gas-oil ratio 

indicates influx.
• Early water production: Water from edge wells suggests encroachment, but fractures, streaks, or 

limited aquifer influence need to be ruled out.
• Material balance: If original oil-in-place estimates increase with pressure surveys (assuming no 

influx), it hints at influx.



The Pot Aquifer Model

Simplest model: Assumes constant pressure at the aquifer 
boundary and no pressure decline within the reservoir.

Suitable for early estimates: Useful for quick assessments 
when detailed data is limited.

Limitations: Doesn't capture pressure decline or dynamic 
behavior of the aquifer.



The Pot Aquifer Model

The simplest model that can be used to estimate the water influx into a gas or oil 
reservoir is based on the basic definition of compressibility:



The Pot Aquifer Model

The above model is only applicable to a small aquifer, i.e., pot aquifer, whose dimensions are of the 
same order of magnitude as the reservoir itself.



The Pot Aquifer Model

The above model is only applicable to a small aquifer, i.e., pot aquifer, whose dimensions are of the 
same order of magnitude as the reservoir itself.



Schilthuis' Stead -State Model

The flow behavior: could be described by Darcy's equation

More realistic: Provides a better approximation than the Pot 
model.

Limitations: Still assumes steady-state and doesn't consider 
transient behavior.



Schilthuis' Stead -State Model

The above relationship can be 
more conveniently expressed as:

This water influx constant C may be calculated from the reservoir historical production data over a 
number of selected time intervals, provided that the rate of water influx ew has been determined 

independently from a different expression



Schilthuis' Stead -State Model

In terms of the cumulative water 
influx We,

Note that the pressure drops contributing to influx are the cumulative pressure drops from the 
initial pressure.

This area at time t can be determined numerically by using the 
trapezoidal rule (or any other numerical integration method), as:



Hurst's Modified Stead -State Model

Refines Schilthuis' model: Introduces a time factor to account 
for the transient period before steady-state is reached.

Improves accuracy: Offers a more realistic representation of 
early production stages.

Limitations: Assumes steady-state eventually and may not be 
suitable for long-term predictions.



Hurst's Modified Stead -State Model

One of the problems 
associated with the Schilthuis’ 
steady-state model is that as 
the water is drained from the 
aquifer, the aquifer drainage 
radius ra will increase as the 

time increases.

Hurst (1943) proposed that 
the “apparent” aquifer radius 
ra would increase with time 

and, therefore the 
dimensionless radius ra/re 
may be replaced with a time 

dependent function.

The Hurst modified steady-
state equation contains two 

unknown constants, i.e., a and 
C, that must be determined 

from the reservoir-aquifer 
pressure and water influx 

historical data.

ra/ re = at



Hurst's Modified Stead -State Model

The Hurst modified steady-state equation contains two unknown constants, i.e., a and C, that must 
be determined from the reservoir-aquifer pressure and water influx historical data. The procedure 

of determining the constants a and C is as the following:

expressing this Equation 
as a linear relationship

plot of (pi – p)/ew versus ln(t) will be a
straight line with a slope of 1/C and 

intercept of (1/C)ln(a)



Van Everdingen-Hurst Unsteady-State Model

Similar to Van Everdingen-Hurst: Analyzes unsteady-state 
behavior but uses different mathematical formulations.

Offers advantages: Can be computationally simpler for certain 
situations.

Limitations: Less widely used and may not be as accurate as Van 
Everdingen-Hurst in all cases.



Van Everdingen-Hurst Unsteady-State Model

The mathematical 
formulations that 

describe the flow of 
crude oil system into a 
wellbore are identical 

in form to those 
equations that describe 

the flow of water from 
an aquifer into a 

cylindrical reservoir

The dimensionless 
form of the diffusivity 
equation is basically 

the general 
mathematical equation 

that is designed to 
model the transient 

flow behavior in 
reservoirs or aquifers. 

In a dimensionless 
form, the diffusivity 
equation takes the 

form:

Van Everdingen and 
Hurst (1949) proposed 

solutions to the 
dimensionless 

diffusivity equation for 
the following two 
reservoir-aquifer 

boundary conditions:
1. Constant terminal 

rate
2. Constant terminal 

pressure

Van Everdingen and 
Hurst solved the 

diffusivity equation for 
the aquifer reservoir 

system by applying the 
Laplace transformation 

to the equation.

The solution can be 
used to determine the 

water influx in the 
following systems:

 1- Edge-water-drive 
system (radial system)
2- Bottom-water-drive 

system



Van Everdingen-Hurst Unsteady-State Model
Edge-Water Drive



Van Everdingen-Hurst Unsteady-State Model
Edge-Water Drive – Infinite Aquifer



Van Everdingen-Hurst Unsteady-State Model
Edge-Water Drive – Finite Aquifer



Van Everdingen-Hurst Unsteady-State Model
Edge-Water Drive – Calculation of P

The time intervals must all be equal
in order to preserve the accuracy of 

these modifications.



Van Everdingen-Hurst Unsteady-State Model
Edge-Water Drive – Calculation of (re)



Van Everdingen-Hurst Unsteady-State Model
Bottom-Water Drive

The van Everdingen-Hurst solution to 
the radial diffusivity equation is 

considered the most rigorous aquifer 
influx model to date. The proposed 
solution technique, however, is not 

adequate to describe the vertical 
water encroachment in bottom-

water-drive system

Coats 1962 presented a mathematical 
model that takes into account the 

vertical flow effects from bottom-water 
aquifers. He correctly noted that in many 

cases reservoirs are situated on top of 
an aquifer with a continuous horizontal 

interface between the reservoir fluid and 
the aquifer water and with a significant 

aquifer thickness.

Coats modified the diffusivity equation 
to account for the vertical flow by 
including an additional term in the 

equation, to give:



Van Everdingen-Hurst Unsteady-State Model
Bottom-Water Drive



Van Everdingen-Hurst Unsteady-State Model
Bottom-Water Drive – Infinite Aquifer



Van Everdingen-Hurst Unsteady-State Model
Bottom-Water Drive – Finite Aquifer



The Carter-Tracy Water Influx Model

Similar to Van Everdingen-Hurst: Analyzes unsteady-state 
behavior but uses different mathematical formulations.

Offers advantages: Can be computationally simpler for certain 
situations.

Limitations: Less widely used and may not be as accurate as Van 
Everdingen-Hurst in all cases.



The Carter-Tracy Water Influx Model

The primary difference between the 
Carter-Tracy technique and the van 
Everdingen-Hurst technique is that 

the Carter-Tracy technique assumes 
constant water influx rates over each 

finite time interval.

Using the Carter-Tracy technique, 
the cumulative water influx at any 

time, tn, can be calculated 
directly from the previous value 

obtained at tn – 1;

Carter-Tracy method considerably 
overestimates the water influx.  

Accuracy of the Carter-Tracy 
method can be increased 

substantially by restricting the 
time step used in performing the 
water influx calculations to small 

time intervals



The Carter-Tracy Water Influx Model
The Dimensionless Pressure Drop (pD)

Edwardson and coauthors
(1962) developed the following 

approximation of pD for an infinite-
acting aquifer.



Fetkovich’s Method

Pseudo-steady-state approach: Assumes constant influx rate over 
short time intervals but allows for changing rates over longer periods.

Simpler than Van Everdingen-Hurst: Useful for quick analysis and 
history matching.

Limitations: Less accurate for long-term predictions and complex 
reservoir geometries.



The Carter-Tracy Water Influx Model

Fetkovich (1971) developed a 
method of describing the 

approximate water influx behavior of 
a finite aquifer for radial and linear 

geometries.

The Fetkovich theory is much 
simpler, and, like the Carter-Tracy 
technique, this method does not 
require the use of superposition. 
Hence, the application is much 
easier, and this method is also 

often utilized in numerical 
simulation models.

Fetkovich (1971) developed a 
method of describing the 

approximate water influx behavior 
of a finite aquifer for radial and 

linear geometries.



The Carter-Tracy Water Influx Model
Steps

Calculate the productivity index J based on the 
boundary conditions and aquifer geometry.”Table”
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