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Maintaining a pro�table production on the depleted �elds with high water
cut production is one of the challenges encountered in the oil industry. The
main objective of well placement optimization which provide a minimizing
the economic costs is the recognition of the technological state of the object
state under limited information. The present article is concerned with initial
boundary value problem for nonlinear parabolic equations using the Leray-
Schauder theorem and shows the existence and uniqueness of solutions of a
�nite mathematical programming problem with constraints of a special kind
equality and inequalities.
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1. Introduction. Maintaining pro�table production on the mature oil �elds with
high water production is one of the contemporary challenges faced by the oil industry.
Ensuring adequate investments return by using a traditional (heuristic) methods of
production control is a di�cult task.

One of the most e�ective ways that can improve the oil production and provide the
development of weak drainable oil reservoirs is in�ll development deposits by drilling new
wells. Such activities include decision-making elements in order to ensure the justi�cation
of the information to �nd the optimal solution of optimizing new wells placement.

This paper is focusing on maximizing oil revenues during reservoir �ooding, optimi-
zing the medium and long term management of well placement, and operating wells.
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Within the framework of existing procedures, determination of the wells placement,
its control is usually performed sequentially. In some cases, the strategy of reactive
control, which depends on oil prices and the cost of the water production is implemented.
This strategy entails the shutting-in wells for economic threshold criterion, but cannot
provide the satisfactory solution since it does not take into account the relationship
between the wells placement and related controls.

The paper proposes a joint approach to optimize well placement and conditions
of their control. Two di�erent optimizations in embedded mode are the well placement
optimization repeatedly which alternates with optimization of well control.

The suite of methods used in optimization problems allows to specify a reservoir
heterogeneity pattern, both geologically and in the hydrodynamic aspects, to identify
areas where wells are competing for the same volume of �uid.

2. Problem Statement. To describe the two-dimensional �ow weakly compressible
oil in porous media was formulated as boundary value problem [1, 2]:

c(x)
∂p

∂t
− div(a(x,Op)Op) +

L∑
l=1

ql(t)δ(x− xl) = 0, (1)

x ∈ Ω0 ⊂ E2, t ∈ (0, T ],

p(x, 0) = p0(x), x ∈ Ω;

p(x, t)
∣∣
x∈Γ1

= p1(x, t),
∂p(x, t)

∂n

∣∣∣∣
x∈Γ2

= p2(x, t), t ∈ (0, T ], (2)

a(x) =
k(x)h(x)

µ
, c(x) = h(m0βj + βn), (3)

where p = p(x, t) is the pressure at the point x ∈ Ω at time t; Ω the �ow area with
boundary Γ, consisting of disjoint parts Γ1, Γ2; Γ = Γ1 ∪ Γ2, Γ1 ∩ Γ2 = ∅; Ω0 = Ω\Γ;
k(x) the permeability; h(x) the bed thickness; µ the �uid viscosity; m the porosity;
βj , βn the coe�cients of �uid and porous medium compressibility; xl = (xl1, x

l
2) the

coordinates of l-th well placements with a �ow rate ql(t), l = 1, 2, . . . , L, L the number
of wells; δ(·) the the generalized two-dimensional Dirac delta function; T the planning
period.

3. Problem-solving procedure. It is assumed that all functions, reservoir, and
the �uid parameters involved in the initial-boundary value problem (1)−(3), including the
coordinates of the wells xl, l = 1, ..., L1, are de�ned. Wells L2 with unknown coordinates
xi, where i = L1 + 1, ..., L1 + L2 = L, is necessary to put into exploration, keeping the
following performance, geological and scheduled targets as:

p(x, t)
∣∣
x∈Γ1

= p1(x, t),
∂p(x, t)

∂n

∣∣∣∣
x∈Γ2

= p2(x, t), t ∈ (0, T ], (4)

(xi1, x
i
2) ∈ Ω, i = L1 + 1, . . . , L; (5)

‖xi − xj‖ > D, i, j = 1, . . . , L, i 6= j; (6)

0 6 ql 6 ql(t) 6 q−l, l = 1, . . . , L; (7)
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L∑
l=1

∫ T

0

ql(t)dt > q, (8)

where ‖ · ‖ is the Euclidean norm on the plane; D the minimum distance between wells;
qp the target for oil production. As can be seen from (5)−(7), in the performance of a
problem with new wells placement, operational conditions must be considered and also
optimized. Although some of the working �ow rates of wells are set, it is not recommended
to change them.

As a condition let us write

a(x, ζ)ζ > C1|ζ|2; C1 = const, ζ ∈ E2. (9)

Equations (5)−(8) show that in addition to the problem of new wells placement, it
is also taken into account the possibility of wells optimization. It should also be noted
that the performance of some wells is pre-de�ned and there is no need to assign them
new �ow rates performance.

As optimum, the reservoir pressure, minimizing changes in the porous medi-
um permeability, reservoir �uid viscosity, and maximizing oil production criteria are
accepted, including their combinations and multi-criteria cases.

4. Conclusions. Thus, in this study, the initial boundary value problem for a
nonlinear parabolic equation was de�ned. This ensures that the imposed conditions and
the boundary conditions are mixed, i.e. on the one side is the Dirichlet conditions, on the
other the Neumann conditions. Under conditions (5)−(9) with the aid of Leray-Schauder
theorem [6, 7], the existence and uniqueness of (1)−(3) problem solution was proven.

The theoretical analysis, presented in this paper, provides minimization of the
deviations from the average residual reservoir energy. The appropriate functional �nite-
di�erence approximation of the whole problem is performed. Thus, the goal − to obtain
a �nite mathematical programming problem with constraints of special kind of equality
� was achieved, and inequalities, which belongs to a class of optimization problems of
network structure. We also use the combination of the method of exterior penalty functi-
ons for the account of constraints (4), (5) and the projection of conjugate gradient of the
penalty functional taking into account accommodate linear and positional constraints
(6) and (7) to solve the resulting problem of mathematical programming. The boundary
value problem is approximated using the nets technique and the numerical results for
this problem is presented.
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Íàéâàæëèâiøà ïðáëåìà íàôòîâèäîáóòêó � çàáåçïå÷èòè åêîíîìi÷íî âè-
ãiäíó åêñïëóàòàöiþ âèðîáëåíèõ íàôòîâèõ ïîëiâ â óìîâàõ îáìåæåíî¨ ïîií-
ôîðìîâàíîñòi. Âiäïîâiäíà ïðîáëåìà ôîðìóëþ¹òüñÿ ÿê äâîâèìiðíà ìiøàíà
êðàéîâà çàäà÷à ìåõàíiêè ïîðèñòèõ ñåðåäîâèù, ó ÿêié ïàðàìåòðàìè ¹ ïîðè-
ñòiñòü íàôòîìiñòêîãî ñåðåäîâèùà, â'ÿçêiñòü i òèñê íàôòè. Îïòèìiçó¹òüñÿ
ðîçòàøóâàííÿ ñâåðäëîâèí i ïàðàìåòðè êîíòðîëþ çà ¨õíüîþ åêñïëóàòàöi¹þ.
Äëÿ çàñòîñîâàíèõ îïòèìiçàöiéíèõ ïðîöåäóð iç îáìåæåííÿìè ç âèêîðèñòàí-
íÿì òåîðåìè Ëåðå-Øàóäåðà äîâåäåíî iñíóâàííÿ òà ¹äèíiñòü ðîçâ'ÿçêó.
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