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ABSTRACT

In the water injection or the water treatment projects, the formation around the water injection well
may be damaged due to solid particles. Therefore, in the process of the water injection, the inverse
problem of the parabolic equation about the influence of solid particles in sewage on formation
permeability is studied. When solid particles in sewage intrude into the formation, it will block the
pores and reduce the formation permeability. The mathematical model is established, which can
be divided into question 1 and question 2. Problem 1 is an inverse problem of partial differential
equation with definite f, d , d and a. For problem 1, the homotopy continuation method is combined
with the Newton method for the numerical solution. Problem 2 is an initial boundary value problem
with definite s,. On the basis of question 1, the solution can be realized by the particle swarm opti-
mization algorithm, and the permeability of the reservoir can be obtained by s . The results show
that the higher the concentration of solid particles in sewage is, the greater the damage to formation
performance is.
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1. Introduction

Reinjection of wastewater is one of the most economi-
cal, effective and environmentally friendly reservoir devel-
opment schemes. In the process of oilfield waterflooding
development, the water injected into the formation always
contains some solid particles or other chemical parti-
cles, which is not completely up to the standard. After the
invasion of the formation, the water absorption capacity
of the water injection layer is reduced and the oil layer is
damaged, which can be divided into two types: In the first
category, the particles infiltrated in the sewage layer caused
various chemical and physical-chemical reactions, which
changed the properties of rock and fluid in the strata and
resulted in the decrease of formation permeability, such as
the change of rock permeability, the deposition of salt, the
loosening, migration and expansion of cemented particles,

* Corresponding authors.

and the formation fluid was emulsified or formed into the
foam. Second, the solid particles in the sewage invade the
formation and block the pores to reduce the formation per-
formance. After analysis, this kind of damage is considered
to occur under the following mechanism: these solid particles
form a layer of filter cake on the surface of the formation at
the bottom of the well, making the well narrow. These solid
particles intrude into the formation and form an inner filter
cake, which makes the borehole narrow. These solid particles
stay in the blast hole and cause blockage; these solid particles
settle at the bottom of the well by gravity, which reduces the
thickness of the production layer [1]. Often the occurrence of
these four mechanisms is not single, sometimes two or more
mechanisms occur at the same time. With the different water
quality, the injury degree and proportion of various injury
mechanisms will also change. Therefore, it is of great signif-
icance to study these damages for waterflood development.
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2. Materials and methods

In the process of oil field water injection development,
the water quality of the formation does not fully meet the
standard due to various reasons, and there is always a cer-
tain amount of solid particles. After these solid particles are
injected into the formation with water, the formation pore
channel will be blocked and the formation permeability will
decrease [2], as shown in Fig. 1.

In this paper, the inverse problem model of a non-linear
parabolic partial differential equation is discussed. Particle
invasion is a complex but important mechanism, and also
a typical example of the formation filtration process. In this
process, the surface fluid velocity is a function of the loca-
tion of the point in the reservoir. It is known that porosity
a is the function of radial distance r and production time
t, and permeability b = b(a) is the function of a. The partial
differential equation model with coefficients of a and K(¢)
is established to describe the change rule of fluid pressure f,
and porosity also changes with r and t. Therefore, this paper
uses the inversion method to solve f, d , d, a, S, [3] at the
same time.

The inverse problem of mathematical equations has
been applied in many important fields, such as geophysics,
medicine, life science, material science, remote sensing tech-
nology and so on. The inverse problem of the mathematical
equation is opposite to the positive problem. The positive
problem refers to the classical problem of solving a differ-
ential equation, that is, the problem of solving a differential
equation with a known differential equation and its definite
solution conditions. The inverse problem refers to the prob-
lem that part of the information of the equation or the con-
dition of the definite solution is unknown, but part of the
known solution is regarded as the “additional condition”,
and the additional condition is used to find the unknown
information [4]. Among them, there are many expressions
of unknown information, such as the initial value, bound-
ary value condition, solution region, some coefficients of the
differential equation and so on. According to the unknown
information to be solved and different additional condi-
tions, the inverse problems of mathematical equations
have different classifications. For some classical differen-
tial equation problems, such as the Cauchy problem and
boundary problem of the hyperbolic equation and parallel
equation, the Dirichlet problem of the elliptic equation and
so on, the corresponding inverse problems can be proposed,
and have a wide application background.

The solution of the positive problem of the mathematical
equation is to give the coefficient and initial-boundary con-
dition of a differential equation, and finally, get the solution
of the differential equation. In the abstract, this process is a
mapping from function (coefficient, initial boundary value
condition) to function (solution of the equation); conversely,
the inverse problem can also be seen as how to solve the
inverse mapping of this mapping.

In the inverse problems of mathematical equations,
additional conditions play an important role. A different
formulation of additional conditions has different corre-
sponding problems. For example, give the solution of differ-
ential equation with time-lapse T, or give the integral of the
solution with respect to a certain variable, etc. Some of the

methods for solving the inverse problems refer to the posi-
tive problems, such as the basic solution method, the finite
difference method and the finite element method. Some also
use the properties of the inverse problem itself, such as the
Fourier moment method, Newton method, linear sampling
method, homotopy method and so on [5].

Compared with the positive problem, most of the
information given by the inverse problem is not necessar-
ily a complete solution (or lack of information, or informa-
tion redundancy), and the problem is usually non-linear.
This brings more challenges, but because of its more prac-
tical application, the inverse problem has developed into a
hot research topic in the cross fields of computing science,
applied mathematics and industrial application. Because
of this property of the inverse problem, we first introduce
the concept of regularity. According to Hadamard’s defini-
tion of the regularity of mathematical problems, it is gen-
erally believed that the solution of a mathematical problem
should have the existence, uniqueness and stability, that is,
the problem is well-defined, and only such a solution can
have meaning of solution [6]. However, with the emer-
gence of the inverse problem, most of the solutions of the
inverse problem are ill-posed, that is, they do not satisfy
the above three properties at the same time. At this point,
we call the inverse problem ill-posed. Therefore, the main
work of the inverse problem is to discuss the properties of
the solution and to construct the numerical solution method.

So far, a lot of work has been done on the inverse
problems of various mathematical equations, both in the-
ory (to discuss the regularity of the solution of the inverse
problem) and in numerical solutions (to construct a stable
numerical solution).

The inverse problems of partial differential equa-
tions (PDEs) include differential equations, initial condi-
tions, boundary conditions and additional conditions [7].
Their general forms are:

Differential equations: Lu(x,t) = f(x,t),x eQ,te (O,oo)

Initial conditions: Iu(x,t) = d)(x,t),x eQ,t=0
Boundary conditions: Bu(x,t) = ¢(x,t),x € 0Q
Additional conditions: Au(x,t) = k(x,t),x €dQ

where u(x,t) is the solution of PDEs, f(x,t) is the right-hand
term, ¢(x,t), o(x,t) and k(x,t) are initial boundary and addi-
tional conditions respectively. L, I, B and A are respectively
partial differential operators, initial operators, boundary
operators and additional operators. One of these quantities is
unknown, which is the inverse problem of the partial differen-
tial equation. Therefore, inverse problems can be classified:

® When operator L is unknown, it is called the inverse
problem of the operator recognition. Generally, the struc-
ture of operator L is known, but some parameters of
operator are unknown, so this kind of inverse problem is
often called a parameter identification problem.

®  When the right term f(x,t) is unknown, it is called the
inverse problem of the source.
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Fig. 1. Schematic diagram of the plugging position of solid particles: (a) surface, (b) crack, (c) throat, and (d) cave sand surface.

¢  When the initial condition ¢(x,t) is unknown, the addi-
tional condition usually gives the state of the system at
a certain time, so it is also called the inverse problem of
the inverse time process.

e  When boundary condition ¢(x,t) is unknown, the inverse
problem is called the inverse problem of boundary
control in engineering.

2.1. Assumptions

Before studying the inverse problem of the parabolic
equation about the effect of solid particles in sewage on
formation permeability, we need to set up hypothesis
conditions.
¢ Simulated formation is and

compressible;

e QOil and water are incompressible fluids, and they
are permeating through the formation at constant
temperature;

® Solid particles are water wet and exist in the water
phase;

e Effect of particle retention on the conservation equation
of the water phase is negligible;

¢ Influence of capillary force is not considered [8].

isotropic slightly

2.2. Mathematical model
2.2.1. Motion equation of oil—water two-phase

In the process of water injection, particles deposited
in the pores and blocked the pore throat, resulting in a

decrease of seepage area. It is assumed that the porosity
a = a(r,t) is a fully smooth unknown function with ? <0,
t

and the absolute permeability b = b(a) is a known function
of a, and b’(a) 2 0. Relative permeability b, and viscosity c,
of the oil phase are functions of saturation d , while relative
permeability b and viscosity c  of water phase are func-
tions of saturation d_[9]. When the influence of the capillary
force is not considered, the motion equation of oil-water
two-phase is:

- _b(a)bro( 0)

€ Co(do) Vf

__ b(a)p,,(d,)

e“’__cw—dw)vf o
dy+d, =1

where f=f(r,t) is the function of pressure.

2.2.2. State equation of oil-water two-phase

—o hh
{80 800 . )
8w = 8u”

where ¢ is the oil density when the fluid pressure is
fy 8. is the water density when the fluid pressure is f;
h is the compression coefficient of the liquid.
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2.2.3. Conservation law of matter for oil and water

olad
e (gtg) ©)
b, (d) o

g Y [[rb(ﬂ) (@) arﬂ
ot (@) ot i(“)a‘l, (a,d,) -

. (a'd")[g;j )
where
o 5)
Ji (d,,) = lii, ©
7 )
L(ad)= l‘ald‘ o
n(a,d)= 1 M o

2.2.4. Mathematical model

Under the hypothetical conditions, combined with the
migration equation, retention rate equation of solid parti-
cles, the change of porosity and permeability after forma-
tion damage, the radial symmetric mathematical model with
pressure f, particles concentration S, saturation d, and poros-
ity a after formation damage is derived [10].

%n(do)‘”o+ko(a)a“:zo<a,dﬂ){§f[rb(”)b5f((io>) ?fﬂ

ot ot ot r

+n0(u,d0)(gj;]2

(10)

a—g+ 'w(du )%+k

ot ot ot r
7Y n
+nw(a,dw)[arj 11)
od, asp _ (u)bm (du ) 67g 67g %
Thra d, = d,s,= () (a,d,)s, P (12)

d,+d, =1 (13)
Conditions for the definite solution:
5,(r,t)] . =5,,0<r <0 (14)
d,(rt)|, g =5,,0<r <o (15)
s,(r.1)|,,. =5,0(t),£>0 (16)
f(rt)],o=F,0<r<o (17)
d,(rt)], o =d,,0<r<w (18)
)., =d,(t) (19)
d,|,_, =d,(t) (20)
d,+d,=1 1)
f(eot)=f,t>0 (22)

The above problems are the initial boundary value
problems of non-linear partial differential equations with
unknown functions of pressure f, particle concentration s,
saturation d, and porosity a. In the formula, if the constants
L, j, k and n are known, then the problem is a positive prob-
lem, which can be solved by using the initial and boundary
data.

But now the [, j, k and n are functions with d , d and g,
which depend on a large number of experimental results,
so they cannot be measured at all. Therefore, the above
model is reduced to question 1 and question 2 [11]. Problem
1 is an inverse problem with definite conditions for deter-
mining f, d , d and a, and problem 2 is an initial boundary
value problem of s . Questions 1 and 2 are discussed in the
following.

Question 1: determine the inverse problems of f, d,
d and a.

Problem 1 is composed of Egs. (10), (11), (13), (15), (17),
(18) and (21) with a definite solution.

Problem 2: determine the initial boundary value
problem of s .

%, =1, (a,dw)afasu[zw( d )aif— od,

w Ay a, w 2
ot or ot

—du}sp (23)
Definite solution conditions: Egs. (14) and (16).
When f, d, d and a are solved in problem 1,
problem 2 is the initial boundary value problem of the
first-order linear partial differential equation of s,.
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2.3. Numerical calculation
2.3.1. Numerical calculation of question 1

Problem 1 is the key and difficulty to solve this model.
During production, the pressure drop funnel is formed
near the bottom of the well, and the pressure shaving
increases logarithmically to the wellbore. Therefore, when
Egs. (10) and (11) are discretized, it is advisable to divide Inr
equally according to the radial direction, and the step size
is At. In order to maintain the flow conservation and vol-
ume conservation, the boundary of conductivity and mesh
volume should be calculated respectively [12].

With regard to i = o,w, three non-linear equations with
f d, and a of oil-water can be constructed respectively
according to the definite solution conditions, namely, the
non-linear equations about pressure f, saturation d, and
porosity a.

Because the problem needs to solve f, d , d and a at
the same time, the jump interleaving method is used to
solve it. The homotopy continuation method and the
Newton method can be considered to solve the non-lin-
ear equations. The initial value of iteration is obtained by
the homotopy continuation method, and the solution is
refined by the Newton method [13]. To solve the current
model, the adaptive continuation algorithm is proposed.
In other words, the homotopy iteration with parameters
is used to get a better approximate solution x* of the true
solution as the initial value, and Newton iteration is used to
refine it.

2.3.1.1. Homotopy continuation method

Many inverse problems can be reduced to the problem
of finding the zero point or the minimum value of a map-
ping. If F:R" — R" is introduced as the second-order con-
tinuous differentiable mapping, the most basic method
is the Newton method. Given an initial value of x, its
iteration formula is as follows:

(24)

=x,~F(x,) F(x,), k=0,1,.. (25)

The x, converges to the solution x* of F(x) = 0 under
certain conditions. Newton’s method has the advantage
of second-order convergence, but it has the limitation of
local convergence. With the development of science and
technology, a large number of non-linear problems are
put forward. It is very difficult to obtain the initial value
which is enough to ensure convergence for these problems.
Therefore, the study of large-scale convergence algorithms
has become a meaningful topic [14].

Homotopy method is produced for solving Eq. (24) in a
large range. The method is to construct a mapping Q which
is easy to be solved, and then transform Q continuously
to F, that is to construct homotopy H:R" x R' — R™:

H(x,1)=a(2)Q(x)+B(R)F(x) (26)
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H(x,0)=Q(x),H(x,1)=F(x) 27)

If there is a C' is the dimensional manifold (homo-
topy path) [x(s),A(s)] that satisfy H[x(s),A(s)] = O, and the
solution x° of Q(x) = 0 is connected with the solution x* of
F(x) =0, then the curve can be traced from x° to x*.

The predecessor of the homotopy method is the con-
tinuation method, however, the continuation method has a
great weakness, it requires a monotonic change of homo-
topy parameters, which in essence requires H/(x,A) to be
non-singular in a large range, which makes it far from
achieving a large-scale solution [15].

2.3.1.2. Newton method

Newton’s method, also known as the Newton-
Raphson’s method, is a method proposed by Newton in
the 17th century to solve equations approximately in the
real and complex fields [16]. How to construct the itera-
tive function is very important when using the iterative
method to solve the non-linear equation, so how to con-
struct the iterative function to ensure the convergence of
the iterative method? Newton’s iterative method is one of
the commonly used methods. There are about two ways to
source or understand its iterative format:

e Let fix) = C¥a,b], f(x) is handed with Taylor expansion
at point x, € [a,b}:

f(8)(x=x,)’

)= o)+ f ()=, ) + == (28)

By omitting the quadratic term, the linear approximation
flx) = flix,) + f'(x,)(x=x,) of f(x) is obtained. Thus, the approx-
f (XO)
f '(XO)

f(x) = 01is obtained, and the iterative format x

imate root x = x, — (assumption f'(x,) # 0) of equation

k+1

(assumed f'(x,) # 0) can be constructed. This is Newton’s
iterative formula. If the resulting sequence {x,} converges
to a, then « is the root of the non-linear equation [17].

e Newton iterative method is also known as Newton tan-
gent method. Let & be the root of f{x) =0, x, is chosen as the
initial approximate value of &, and the tangent L of curve
y = flx) through point (x,f(x,) is given. The equation of

f (xo)

f (xo )

of the intersection of L and x-axis is obtained, and X,

Lisy = f(x,) + f'(x,)(x — x,). The abscissa x, =x, -

is the primary approximate value of £. Through point
(x,,f(x,)), the tangent of curve y =f(x) is made. The abscissa

f(x,)

is obtained, and x, is the quadratic approximation of &.
Repeat the above process to obtain the approximation

)
()

of the intersection of tangent and x-axis

sequence of £, where x is called the n + 1

n+l
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approximation of &, and the above formula is called the
Newton iteration formula, as shown in Fig. 2a. This is the
geometric interpretation of the Newton tangent method
[18]. In fact, the Newton iterative method can also be

‘ f(x)
aACH)

Using Newton'’s iterative formula, we can get x,,, from

derived from the geometric sense. x, =

x,. From Fig. 2b, we can see that the intersection of the
f(x)

xk - xk+]

tangent L, and the x-axis is x,,,, so x,,, = . After

finishing, we can also get Newton'’s iterative formula:

2.3.2. Numerical calculation of question 2

On the basis of the numerical solution of problem 1,
problem 2 becomes a linear first-order partial differential
equation, which can be solved by the particle swarm optimi-
zation algorithm based on selection, thus s, and the damage
radius can be determined.

Combining the natural selection mechanism with par-
ticle swarm optimization, a particle swarm optimization
algorithm based on selection is proposed. The basic idea
is to sort the whole particle swarm according to the fitness
value in each iteration, replace the position and speed of the
worst half with the speed and position of the best half of
the particles in the swarm, and keep the historical optimal
value that each individual remembers [19]. It is an important
direction to combine intelligent algorithms with a classical
algorithm to construct some efficient new hybrid algorithms.

The basic idea of this paper is to combine the natural
selection based hybrid particle swarm optimization (PSO)
algorithm with the finite element method to solve the
inverse problem of the parallel equation. The PSO algorithm
and the finite element method are used circularly until the
predetermined optimization target is met. The basic steps
of the hybrid PSO algorithm based on the selection are as
follows:

e Step 1: set the current parameters: number of particles,
learning factor 1, learning factor 2, inertia weight, the
maximum number of iterations, the dimension of the
problem, range of positions, and position of particles.

e Step 2: randomly initialize the position and velocity of
each particle in the population.

e Step 3: evaluate the fitness of each particle. The location
and fitness of each particle are stored in the pbest of
each particle, and the location and fitness of the individ-
ual with the best fitness are stored in the gbest.

® Step 4: update the speed and position of each particle.

e Step 5: for each particle, compare its fitness value with the
best position it has experienced, and if it is better, take it
as the best position currently.

e Step 6: compare and update the current values of all
pbests and gbests.

e Step 7: rank the whole particle swarm according to the
fitness value, replace the position and speed of the worst
half with the speed and position of the best half of the
particles in the swarm, and keep the pbest and gbest
unchanged.

(XO’f(XO))

v

Xo X

(@)

(b)

Fig. 2. Newton tangent method.

e Step 8: if the stop condition (usually the preset operation
precision or iteration times) is met, the search stops and
the result is output. Otherwise, return to (step 2), and
continue the search.

PSO is a new optimization technology. Its idea comes
from the theory of artificial life and evolutionary computa-
tion. PSO is optimized by particles following the best solu-
tion they find and the best solution for the whole group.
PSO algorithm is simple and easy to implement with a few
adjustable parameters, which have been widely studied and
applied. A hybrid particle swarm optimization algorithm
is proposed to solve the inverse problem of partial differ-
ential equation by combining the finite element method.
It has obtained good results in the test of the inverse prob-
lem model of multiple parallel equations, which reflects the
effectiveness, generality and robustness of the algorithm [20].

The pressure f, oil-water saturation d(d d) and
porosity a of each point in the formation at any time are



X. Liu, H.U. Khan / Desalination and Water Treatment 219 (2021) 223-231

obtained by question 2. By substituting them into prob-
lem 2, the coefficients of the equation can be determined,
and problem 2 becomes the initial and boundary value
problem of the first-order linear differential equation.
The particle concentration s, can be calculated by the
method of characteristic line. According to S, and a, the
permeability and damage radius of the formation can be
calculated.

3. Results

In order to study the formation damage caused by solid
particles in sewage to offshore sandstone reservoir, we will
take the Shahejie Reservoir core as an example to study the
indoor solid particle damage. Through the core displace-
ment experiment, the influence of solid particles with dif-
ferent concentration and particle size on core permeability is
determined.

3.1. Experimental core

The core of Shahejie Reservoir (gas permeability
between) is selected as the test core. Before the experiment,
the basic data of the core is obtained by vacuuming saturated
formation water and other processes [21]. At the same time,
the flow experiments under different confining pressures
are carried out to eliminate the core lag effect. The specific
core parameters are shown in Table 1.
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Suzhou Industrial Park). this standard particle is composed
of highly cross-linked styrene diethylene glycol, with good
stability, standard spherical structure and narrow parti-
cle size distribution. It can simulate the damage of dif-
ferent particle size suspended solids to the reservoir [22].
Different particle sizes were tested and checked on the
laser particle size, which completely met the experimental
requirements. Different particle sizes were prepared into
different concentrations of suspended particle solutions.
Samples were placed in beakers for precipitation, and the
precipitation time was recorded. The precipitation time was
long, which met the experimental requirements. During
the experiment, manual stirring was carried out for 15 min.

3.2.2. Determination of particles size

The main throat radius distribution of Shahejie Reservoir
in B oilfield is mainly 3-5 um (average 4 pm), and the
maximum is not more than 10 um.

3.2.3. Determination of particles concentration
According to the current standard of water quality for
injection in B oilfield, the concentration of solid particles

Table 2
Experimental factors and horizontal design

Project Parameter level
3.2. Experimental sewage Shahejie Reservoir
3.2.1. Solid particles Permeability k (md) 1-10 10-50 50-100 -
The particles used are standard particles produced PartTcle sized (Hm). 05 ! 2 -

by Nawei Technology Co., Ltd.-, (No.2, Baichuan street, Particle concentration % (mg/L) 0.5 1 3 5
Table 1
Basic parameters of core

Number Diameter Length Porosity Gas Throat

(cm) (cm) (%) permeability (md) radius (um)

Sand 1-1 25 5.36 11.26 7.14 1.36

Sand 1-2 25 5.12 11.42 7.36 1.85

Sand 1-3 25 5.69 11.20 8.60 1.65

Sand 1-4 25 5.55 11.36 6.69 1.89

Sand 1-5 25 5.10 12.35 7.14 2.25

Sand 1-6 25 5.23 11.36 7.20 1.25

Sand 1-9 2.5 5.45 10.60 6.85 2.01

Sand 1-10 25 5.23 11.69 6.32 2.58

Sand 1-11 2.5 5.02 11.58 7.12 1.58

Sand 1-12 2.5 5.46 12.03 6.32 1.25

Sand 1-13 25 5.66 10.47 7.14 1.45

Sand 1-14 2.5 5.50 10.58 6.58 1.69

Sand 1-15 2.5 532 11.54 9.53 1.97

Sand 1-16 2.5 5.58 11.69 8.64 1.89

Sand 1-17 2.5 5.56 11.75 7.69 2.13
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Table 3
Damage degree of permeability

X. Liu, H.U. Khan / Desalination and Water Treatment 219 (2021) 223-231

No. Rate of flow Particle Particle concentration Water permeability Core permeability
(mL/min) radius (pum) (mg/L) (md) damage rate (%)
Sand 1-1 1 0.17 0.5 237 10.36
Sand 1-2 1 0.25 0.5 3.10 11.26
Sand 1-3 1 0.29 0.5 2.10 12.36
Sand 14 1 1.30 0.5 2.80 14.54
Sand 1-5 1 1.25 1 2.97 15.47
Sand 1-6 1 1.53 1 3.21 16.36
Sand 1-9 1 2.36 1 3.10 17.14
Sand 1-10 1 2.50 1 3.02 18.36
Sand 1-11 1 2.62 3 2.54 20.14
Sand 1-12 1 2.96 3 2.69 22.36
Sand 1-13 1 3.27 3 3.58 23.65
Sand 1-14 1 3.73 3 3.42 25.40
Sand 1-15 1 4.03 5 4.02 28.52
Sand 1-16 1 4.18 5 4.25 30.14
Sand 1-17 1 4.32 5 4.44 32.11

in Shahejie Reservoir is required to be less than 10 mg/L.
Combined with the water quality standard, we determined
that the concentration levels of solid particles required
for the experiment were 0.5, 1, 3 and 5 mg/L respectively.
Particle size and concentration level of experimental parti-
cles and determination of experimental parameters were
shown in Table 2.

3.3. Analysis of experimental results

The numerical calculation is carried out according to
the above text method, and the results are shown in Table 3
below.

The results show that when the particle concentra-
tion in the injected water is constant, the core permeability
damage rate of each point in the formation increases with
the radius at the same time, that is, the formation near the
wellbore is seriously damaged, and the formation farther
away from the wellbore is less damaged [23]. In addition,
with the increase of the particle concentration in the water
injection, the damage degree of each point increases, and its
amplitude decreases with the increase of the radius, and the
damage range also increases. Therefore, controlling or reduc-
ing the particle concentration of injected water is an effec-
tive way to avoid or reduce formation damage and prevent
water injection and water absorption [24-26].

4. Conclusions

Oilfield waterflooding is a commonly used devel-
opment method in China. The quality of waterflooding
water has an important influence on the protection of the
oil layer and the realization of stable production. Injection
of unqualified water will cause damage to the reservoir,
especially for offshore sandstone reservoirs. The sus-
pended particles contained in the injected water enter and

block the internal throat of the reservoir, resulting in the
decline of the permeability of the reservoir, which affects
the development efficiency of the oilfield. Therefore, it is
necessary to optimize the water quality of water injection.
For this reason, this paper carries out the numerical cal-
culation of the inverse problem of the parabolic equation
about the affection of solid particles in sewage on the for-
mation permeability and has achieved some results, but
there are still many aspects of work to be further deepened
and improved. For example, in the research process of this
paper, it is found that there are many factors affecting the
damage of particle migration in water injection wells, so
the system model considering different factors is not the
same. There are still many limitations in the research of the
inverse problem of the parabolic equation about the affec-
tion of solid particles in sewage on formation permeability.
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