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The problem of parametric identification of mathematical models (MM) of reservoir
systems for the porosity and permeability functions of ground rock (medium) was defined.
A technique to solve the problem of parametric identification of the MM class under study
was proposed based on the gradient projection method with minimization of the squared
quality criterion.
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Introduction

In some important industries such as construction industry, mining and geological
prospecting, modeling of filtration fluid flows is required. Here the complexity of mathematical
models (MM) of filtration flows is determined, among other factors, by a number of fluids
subjected to filtration (i.e., number or phases), their fractional make-ups, and geological soil
structure. The MM proposed in [1,2] as a variational inequality with proper boundary and
initial conditions may be considered as an adequate MM for mutual filtration of a viscous
(ideal) fluid and viscoplastic (anomalous) fluid. It should be noted that the porosity m(E) and

permeability functions k,(Z),i =1,2 of the medium (reservoir rock) are used as the parameters
of this MM. Hereinafter, indices i =12 define fluids subjected to filtration. On frequent

occasions, the values of these parameters are not known, and the problem of their
determination is a complex autonomous problem of investigation of a reservoir system, the
problem of parametric identification.

The purpose of this work was to develop a constructive computational procedure for
identification of the porosity and permeability functions of the formation.

Statement of a problem

According to [1], an incremental MM for mutual filtration of a viscous (ideal) liquid and
viscoplastic (anomalous) fluid may be represented as
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where P = P(t,z) is the intrastratal pressure, S, = S,(z,z) is the reservoir saturation with
displacing fluid, v = v(t,z) 1s the test function, % is bulk of reservoir rock, K is the set at
which S, = S,(¢,z) and v=(¢,z) functions are defined, K,,K, are a number of production
and injection wells, respectively; Q,,0, are the debits of corresponding wells, & (z) is the Dirac
function, 7 is the normal to the boundary. Let us assign the following functional as a quality
criterion for the solution of identification problem:

(- KﬁKz{j[P'm m,k,) ]dt+j[ bz, m k) Fjs(t)Tdt}, ©)

!
where P'(-) and S, (-) are the exact values of the functions of intrastratal pressure and the

reservoir saturation with displacing fluid, respectively, F* and F* are the measured values of
the specified functions, and 7 is the period of time when the measurement is done.
Proof of the differentiability of the quality criterion

Let us show that the quality criterion assigned will be differentiable in any point of the
spatial domain z € Q (including its boundary G), i.e, that the increment (6) equal to

A, = I+ hm ) (K, + B |- T, (k)
is presentable as
A, = j{[J (e i iz -+ [, e iz} + (O
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where J'(m, k) is a function from L*(Q), (”h’”HLz) and O(”h" HLZ) are the remainders such
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Let us re-write the functional increment AJ, in a formal way as follows:
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Now let us convert this expression to the form of (7). To this end, let us introduce
functions p,(t,z)= p,(t,z,m,k,) and pg(t,z)= ps(t,z,m,k,) into consideration as solutions
of the following boundary-value problem

maps IZ{ ‘7PP|V|}dz+jz{ ‘””|S|} 22%?
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While taking (1) — (5), (9) — (12) into account, the first integral in the first component of
right-hand side of equation (8) is converted as follows

l_jz[Ptzmk) (O)Ple, 2, bz jpp t,2, Mz =
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Neglecting the last expression in spatial domain, we will obtain the following
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Similarly, for the expression in (8) written with respect to function S, (t, z) (i.e., the first

integral in the second component of right-hand side of equation (8)), one may write the
following

I —J.2[S 1,2, mk) F.is(t)]ASz(t’Z.i}lZ:Ip;(tk’z.i)Asz(t’Z.i)dZ

or, omitting obvious conversions, when using integration in the spatial domain, finally we
obtain the following

- j ! HZk p;|v|j+(§kl(zi)p;|Sz|HASzdt. (14)

e

Second integrals in the components of right-hand side of equation (8) are determined

mostly by the terms of [0([ I;)+ 0([ iz) form presented in (7) and written for spatial

problem statement. In this case,
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Determining the functional increment and forming the calculated relationships

As a result, the increment of functional (6) is represented as the following expression

A, = !ﬁﬁ: k(z,) p;|v|] + (Z k(2 )ps |Sz|ﬂhdz +0([n..)-

Therefore, the desired presentation (7) for functional (6) has been obtained, and the
gradient of this functional has the following form

{Z [k, (2 )]+ Z, [k, (= )psls,
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]} vzeQvreloe,]. (16)

Then, with the gradient (16) available and using the procedure of gradient projection
method [3] determined by relationships U = {u(t) cut)e [0, ] a <ult)<b, Ve elo,r, ]},

u()
)>

we obtain the final calculated relationships for identifiable functions m(z) and k,(z)
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Conclusions

The numerical investigations performed showed that the procedure proposed for
sequential search of the porosity m(E) and permeability £, (E),i =1,2 has a high convergence
rate (thus, e.g., to identify the parameters of a reservoir defined by the spatial sampling grid
z, =12, z, =16, a sequence of no more than 8 iterations is required), with the total problem

solving time of no more than 120 s.
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BukoHaHO TOCTAaHOBKY 3ajaui IapaMeTpuyHoi ineHTH(IKaIii MaTeMaTHYHUX MOJIEINeH
(MM) mnacToBux cucreM IS (YHKIIH TMOPHCTOCTI Ta MPOHUKHOCTI IPYHTOBOI HOpPOAM
(cepenoBuina). 3amporOHOBAHO METOJ] PO3B’sI3aHHS 3ajadi MapaMeTpU4HOl ideHTHdIKaI1
JIOCITiKYBaHOro Kitacy MM, 3acHOBaHMH Ha METOJI MPOEKI TPaaieHTy MpH MiHIMi3amii
KBaJJPaTHYHOTO KPUTEPIIO SIKOCTI.

Knawu4oBi caoBa: aHomanbHa piguHa, MaTeMaTW4Ha MOJEb, IapaMeTpUYHa
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BeironHena mocTaHOBKa 3afayd MapaMeTPUUecKOW HICHTH(UKAIUK MaTeMaTHYecKHUX
Mozaened (MM) muacToBbIX cucteM Uit (PYHKIMH TOPUCTOCTH ¥ MPOHUIAEMOCTH
rpyHTOBOW TmoOponsl (cpensl). IlpemnokeH MeTon pelleHds 3aJadd MapaMeTpU4ecKoit
UAeHTUQHKAIMN HcciIeayeMoro kiacca MM, ocHOBaHHBIA Ha METOJIE MPOCSKLIUH IPaIueHTa
IIpU MUHUMHU3ALUHU KBaAPATUYHOTO KPUTEPHS KayecTBa.
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uaeHTUQUKaIY, (YHKIHUOHA, KPUTEPHI KauecTBa, METOJI IIPOSKIINH I'paIneHTa
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