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Abstract

Decision making pertaining to injection profiles during oilfield development is one of the most important factors that
affect the oilfields’ performance. Since injection profiles are affected by multiple geological and development factors, it is
difficult to model their complicated, non-linear relationships using conventional approaches. In this paper, two adaptive-
network-based fuzzy inference systems (ANFIS) based neuro-fuzzy systems are presented. The two neuro-fuzzy systems
are: (1) grid partition based fuzzy inference system (FIS), named ANFIS-GRID, and (2) subtractive clustering based
FIS, named ANFIS-SUB. We compare the performance of resultant FIS and study the effect of parameters. A real-world
injection profile data set from the Daqing Oilfield, China is used. FIS are generated and tested using training and testing
data from that data set. The impact of data quality on the performance of FIS is also studied. Experiments demonstrate
that although soft computing methods are somewhat of tolerant of inaccurate inputs, cleaned data results in more robust
models for practical problems. ANFIS-GRID outperforms ANFIS-SUB due to its simplicity in parameter selection and its
fitness in the target problem.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

In water flooding oilfields, injected water pushes petroleum fluid (oil, gas or/and water) to move toward to
wellbore through the porous media underground. Injection profiles of injection wells present the distribution
of injected water in the active or producing strata. Understanding injection profiles significantly aids in ana-
lyzing production related problems, such as residual oil distribution, residual reserve estimation, water flood-
ing efficiency, injection and production balance, and so on.
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Many methods can be applied to obtain injection profiles in oilfields, such as sealed coring, sidewall coring,
interpretation of logging data, C/O spectral logging, numerical simulation and comprehensive analysis of sta-
tic and dynamic data from the oilfield development. Most of those methods, except for numeric simulation,
are for obtaining injection profiles by in-place measurement and interpretation. They are expensive and time-
consuming. In addition, it is impossible to obtain injection profiles whenever and wherever they are needed for
improving oil recovery (IOR) purposes. Reservoir numeric simulation models the oil/gas production by com-
bining petroleum fluid flow and other models. By properly modeling reservoir and matching the history pro-
duction data, reservoir simulation generates injection profiles in the production history and predicts injection
profiles in the future. However, reservoir simulation has its own inherent problems, including that (1) it is dif-
ficult to model multiple parameters and integrate sub-models; (2) history matching is still largely a trial-and-
error, and consequently time-consuming process which depends heavily on reservoir simulation expertise; and
(3) reservoir simulators sometimes encounter difficulties in modeling actual reservoir features due to their
built-in limitations. In addition, time-consuming post-processing is required to obtain injection profile data
from reservoir simulation results. Considering that injection profiles are required in many different IOR pro-
jects, it is desirable to have handy data available when it is required.

Soft computing techniques are known for their efficiency in dealing with complicated problems when conven-
tional analytical methods are infeasible or too expensive, with only sets of operational data available. Soft com-
puting methods have been widely applied in many areas in the petroleum industry, such as reservoir description
[27], well logging interpretation [16], production prediction [29] and treatment optimization [17]. In this paper,
two neuro-fuzzy systems, ANFIS-GRID and ANFIS-SUB, are employed to model the relationships of injection
profiles and their influential parameters. A set of data from real injection profiles in the Daqing Oilfield of China
is employed to train and test these neuro-fuzzy systems. Average prediction accuracy of about 80% is achieved.

The rest of this paper is organized as follows. Section 2 describes the injection profile modeling problem;
Section 3 is a brief introduction to ANFIS, ANFIS-GRID, and ANFIS-SUB; Section 4 studies the effects
of parameters for these neuro-fuzzy systems and presents the experimental results on the raw data; Section
5 demonstrates the effect of low quality data on the performance of FIS and presents the improved result using
cleaned data; Section 6 concludes the paper.

2. Problem statement

In water flooding oilfields, the injection profile is tightly related to fluid flow in the underground porous
media. Therefore, water injectivity of the injection wells is affected by many parameters. For example, the lar-
ger the permeability, the larger the water injectivity is. Water always breaks through along the high permeabil-
ity channels to the producing wells. Formation communication between injection and producing wells, which
depends on the depository environment for oil/gas generation and transportation, is another important factor
that affects the injectivity. With a nice communication environment, stored oil/gas volume in reservoirs can be
produced easily, hence nice injectivity.

In the underground porous media, petroleum fluid flow follows the non-linear Darcy’s Law, described by
the following equation:

u ¼ � k
l

dP
dx
; ð1Þ

where u is the superficial velocity; k is the permeability; l is the viscosity of petroleum fluid; and dP/dx is the
pressure drop in fluid flow direction. Considering the complex interaction of rock and fluid properties, anisot-
ropy of permeability, the fluid flow can be generally described as follows:
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