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a b s t r a c t

This paper presents a new method of injection-production allocation estimation for water-flooding
mature oilfields. The suggested approach is based on logistic growth rate functions and several
type-curve matching methods. Using the relationship between these equations, oil production and
water injection rate as well as injection-production ratio can be easily forecasted. The calculation
procedure developed and outlined in this paper requires very few production data and is easily
implemented. Furthermore, an oilfield case has been analyzed. The synthetic and field cases vali-
date the calculation procedure, so it can be accurately used in forecasting production data, and it is
important to optimize the whole injection-production system.

Copyright © 2015, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Mature oilfields are very important for meeting oil demand
because they produce about 70% of the total world oil production.
One of the most important problems associated with mature
oilfields is high water cut, which can significantly decrease oil
production rates. There is a need to apply new alternative tech-
nologies or approaches to extend the life of these oilfields.

For water-flooding oilfields, determining the reasonable in-
jection-production allocation is the basis work during the oilfield
development process, which has direct impact on well perfor-
mance. Currently used methods are material balance method
[1e3], water-flooding curve method [4e6], multiple regression
method [7e9] and so on. This paper presents a new method for
empirically forecasting production, water injection rate and in-
jection-production ratio based on the logistic growth model and
several type-curve matching methods.

2. Methodology

The specific proration-injection allocation of oilfields is
divided into three steps: to determine oil production; to predict
water injection rate; to calculate injection-production ratio.

2.1. Determination of production

Logistic growth curves are a family of mathematical models
used to forecast growth in numerous applications. They have
come to be used in different fields for numerous things. Studies
have shown that the logistic model equation also applies to re-
searches on oilfield cumulative production. The form of the lo-
gistic equation [12] is as follows:

NP ¼ a
1þ be�ct (1)

where a, b and c are constants and greater than 0, which are
obtained by fitting the production data. It can be inferred from
equation (1) that when t is big enough, NP equals to the recov-
erable reserve (NR) of the oilfield, so constant a ¼ NR and
equation (1) can be written as:

NP ¼ NR

1þ be�ct (2)

* Corresponding author.
E-mail address: hushuyong@swpu.edu.cn (S. Hu).
Peer review under responsibility of Southwest Petroleum University.

Production and Hosting by Elsevier on behalf of KeAi

Contents lists available at ScienceDirect

Petroleum

journal homepage: www.keaipubl ishing.com/en/ journals/pet lm

http://dx.doi.org/10.1016/j.petlm.2015.03.009
2405-6561/Copyright © 2015, Southwest Petroleum University. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Petroleum 1 (2015) 27e30

http://creativecommons.org/licenses/by-nc-nd/4.�0/
mailto:hushuyong@swpu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.petlm.2015.03.009&domain=pdf
www.sciencedirect.com/science/journal/24056561
http://www.keaipublishing.com/en/journals/petlm
http://dx.doi.org/10.1016/j.petlm.2015.03.009
http://creativecommons.org/licenses/by-nc-nd/4.�0/
http://dx.doi.org/10.1016/j.petlm.2015.03.009
http://dx.doi.org/10.1016/j.petlm.2015.03.009


The logistic growth model is as the name implies a growth
equation. In this case the growth is cumulative oil production
[11]. The derivative with respect to time can be taken to obtain
the rate form:

QO ¼ dNP

dt
¼ bcNRe�ct

�
1þ be�ct

�2 (3)

Equation (4) can be got by equation (3) divided by (2) as
follows:

QO

NP
¼ bce�ct

1þ be�ct (4)

The following can be obtained by combining equation (2)
with equation (4):

QO

NP
¼ c� c

NR
NP (5)

It can be seen in equation (5) that a straight line can be ob-
tained by plotting QO/NP vs. NP in a rectangular coordinate sys-
tem. Parameter c can be determined by the intercept of the
straight line, and parameter NR can be determined by the slope.

Moreover, equation (2) can be transformed into the
following:

NR

NP
¼ 1þ be�ct (6)

For equation (6), setting the intercept ¼ 1, parameter b can be
obtained by plotting NR/NP vs. e�ct using the production data in a
rectangular coordinate system. Substituting NR, b and c into
equation (3), equation (7) can be used to forecast the annual oil
production:

QO ¼ bcNRe�ct

�
1þ be�ct

�2 (7)

2.2. Determination of water injection rate

For water-flooding oilfields, the relationship between cumu-
lative water injection and cumulative oil production is as follows
[10]:

lnðwiÞ ¼ Aþ BNP (8)

A and B can be obtained by the regressions of the cumulative
water injection and cumulative oil production. And another form
of equation (8) is as follows:

Wi ¼ eAeBNP (9)

Substituting equation (2) into equation (9) and taking the
derivative with respect to t, the following equation can be got to
predict the annual water injection.

Qinj ¼ E
e�ct

�
1þ be�ct

�2e
�

BNR
1þbe�ct

�
(10)

where, E ¼ eAbcBNR

2.3. Determination of injection-production ratio

For water-flooding oilfields, the relationship between cumu-
lative water production and cumulative oil production is as fol-
lows [12]:

lnðWPÞ ¼ aþ bNP (11)

Also, equation (11) can be rewritten as:

WP ¼ eaebNP (12)

Substituting equation (1) into equation (12), the relationship
between cumulative water production and the reservoir devel-
opment time can be obtained as follows:

WP ¼ eaebNR=ð1þbe�ctÞ (13)

The derivative of the cumulative water production WP is the
annual water production QW. The annual water production
QW ¼ dWp/dt is:

QW ¼ F
e�ctebNR=ð1þbe�ctÞ

�
1þ be�ct

�2 (14)

where, F ¼ bcbNRe
a

According to the definition of injection-production ratio:

IPR ¼ QinjBW
QO

Bo
go
þ QWBW

(15)

Substituting equation (7), (10) and (14) into equation (15), the
annual injection-production ratio in the year of t can be got as
follows:

IPR ¼ EeBNR=ð1þbe�ctÞ
H þ FebNR=ð1þbe�ctÞ (16)

where, H ¼ BobcNR/go
According to the definition of cumulative injection-produc-

tion ratio:

Rz ¼ WiBW
NP

Bo
go
þWP

(17)

Equation (2), (9) and (12) are substituted into equation (17),
equation (18) can get obtained:

Rz ¼ BWeAeBNR=ð1þbe�ctÞ
NR

1þbe�ct
Bo
go
þ BWeaebNR=ð1þbe�ctÞ (18)

Finally, based on equation (16) and (18), the annual injection-
production ratio and the cumulative injection-production ratio
can be simulated.

3. A case study

XM reservoir is a typical low permeability lithologic fault
block oil reservoir. Its M2 Block covers a development area of
7.16 km2, with reserves of 351 � 104 t, a mean permeability of
6.6 � 10�3 mm2, and a mean porosity of 15.2%. In addition, the
average formation temperature is 70 �C, the original saturation
pressure is 3.13 MPa, the density of crude oil is 0.82 g/cm3, the
viscosity is 8.7 mPa.s and the formation volume factor is 1.056.
With the water-flooding development since 1990, the reservoir
has gone through four stages: the incremental production stage
(1990e1993), the basic well pattern development stage
(1994e1996), the stable production stage (1997e2001) and the
depletion stage (2001 to present). The well pattern was adjusted
in 1998, 2001 and 2007, respectively. At present, the five-spot
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