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This article discusses specific problems of gas filtration in two-layer reservoirs. For the
solution, the method of lines with a combination of simple factorization is applied. For
the numerical solution of the problem, the Maple software system was used.
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We will study the numerical solution of gas u(x,O) =¢(x), Ul(X,Z.O) =(p1(x, z), (X, z) cQ
filtration when a two-layer reservoir consists 2)
of a well-permeable layer bounded from below and boundarv conditions
(from above) by weakly permeable interlayers. 5 y 5
We are investigating transient flow to perfectly k (X)_u =q, (t) k (X)_u =q,, (t)
vertical wells drilled in a highly permeable Xl x=1
layer. Under some assumptions, the non- au
stationary boundary value problem in kl(z)a—zl =0, u(x,t)=u,(x.Lt), (x,2,t)eQ;
dimensionless form is formulated as follows, 3220
i.e. is described by the system of equations Pairing((rzlatching) condition
1 0 ou ou ou
—|k(X)— |=M (u)—+A(x)k(z)—= ou —
m(x)@x( ( )6x) ( )6'[ ()k( )62 Z:1 [U]X=Xk=0, {k(x)&} =q, (1), k=1,
L g[kl(z)%}le(ul)%, X,z,teQ; (4)
m, (x) &z oz ot Where
(1) "
at initial Qr = QX(O’]‘)X(O’T]’ Q= Ig)Qk’ Q, = (Xk1Xk+1)
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Assume that, with the smoothness of the
coefficients of the system of equations, there is
a unique solution to the initial-boundary value
problems (1)-(4), [1].

For an approximate solution (1)-(4). Let us
cover with straight lines t =t;, where

t;=jr, 1=12,.,N; N :[I}
T
penote by{u; (x), u; (x,2)} desired

approximate value of the desired function
{u(xt),u,(x,z,t)}on a straight line t=t,. We

approximate problems (1)-(4) by the following
scheme

o 0 )3, + AR 2

au,
oz

z=1

1 0 ou;
ml(z) E[kl(z)a_zjj = Ml(uij—1)5{ uij

(5)
With the following conditions

U (X)=(x), u (x,2) = (X 2),

du;| du
k(x)ax_o =Go(t), k()
). o

ou,

kl(z)gzzo =0, u;(x)=u;(x2),

Let the coefficients of the system of equations
(5) be calculated t=t;,. Then each of

equations (5) is linear with respect to{uj, uij}

and has a unique solution [5-11].

For a numerical solution, we will change the
function

Vi =u; +F;(X) - Ry (%)

oy ()= [m(£)e, ()= (e
o(x) = 1 oo(4) ) = 1 roi(4)
O-Z@lxm ™ FOSmlkw®

Then we arrive at the following boundary value
problem for systems of ordinary differential
equations

ﬁ%[k(x)%): M (Uj—l)v B M (Uj—l)[Flj (x)-F,, (X):|+

_{%(tj) _W:l+ A(x)kl(z)%

0,(0) (1)

mltz)a%{kl(z)%] _M (ui,-,l)vij _ Ml(ujfl)[plj (x)-F,;(x)]-

_av
T dx

x=0

du;
dx

=0, [v,]xzxfo, [k(x)%} 7 =0

x=1

The approximate solution constructed by the
method of lines converges at a rate 0(7) [2].

For numerical implementation, we will use the
method of a modified version of the sweep

differential. Consider a model boundary value
problem.
8 auzj au

k()X = 2mu X 1 Ak
8x[ ()5 )= 2mug + Al2)

0 ou,’ ou
—| k(z)—= |=2m u—
82( :(2) 82] Hat

{0<x<1,0<z<H,0<t<T}

With initial conditions
u(x,0)=u,(x,z,0)=u, =const, 0<x<0, 0<z<H,

ou,”
0z

z=1

And boundary conditions
K(x) u_au

b,H =Q(t
Vi =+ (%)= (4 R
Where ou
k(x)—| =0
Ry (x)=a,(t;) o (x)-a(t; )R(x) Xy
0 npu xeQ ul(x,l,t):u(x,t)
Fiy (X) =15 {_da 5 k(2)2% o
Y ;qi(t,—)_x[m npu x € Q 1(2) oz,
Here - U, initial formation pressure distribution
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k, (z)andk (x) reservoir permeability

1y, i,- the thickness of the layers,m, m, - the

formation porosity

Q(t) - daily consumption.

We pass to dimensionless variables according
to the formula

X z u u
=—p=—;P="2L; P=—
S=T TR 0
. k (z k(X
() =2, k() =4
xop xop
*: kxnpuo
2mul?
2 2
Where A‘=—= , M _MmA u, — initial
H,A, m L

plastic pressure distribution
K,(X) u K, (z)—permeability of the first and

second formation,u, u u, —layer thickness,d, —
daily consumption of the gallery,b, —seam
width, K, —and characteristic permeability of
the formation.
oP o[« 0P
= K (O)——
ot o0& o0&
2
W B2 ™
ot 0n on
R(&.7,0) = P,(£,0) =u, = const
«, o\ OP? . «, o\ OP?
K'@)—=4 =Q(), KI(&—
o |, o&

R(ELY) = PED), KAn)%i
n

e v, LOPT
j—A K, (’7)@_

n=1

=0
&=t

=0

n=0
To illustrate, consider an example with the
following data:

U, =150ai; m;=0.05;, m =0.2; x=0.0lcns; K,(x)=40apcu; K,(z)=0,01, ’Hit)apcu
1

Q=10°m®/cyt,; b, =50m; H, =200m; H, =20m

Table 1 compares the calculation of the
problem P/(&n,t7)u P(&4,t7) with different

steps rat t =3.24. Table 2-3 gives an
approximate value P, (&,7,t) and P (&,1)

calculated in time stepsd =6.62 andz =3,9 for

a different point in timet” att™ = 0.48.

The accuracy of the numerical values of the
pressure field is controlled by the balance
equation, in which for a given problem, the
deviation of the approximate values from the
exact ones does not exceed att” =3.24; 0.1%
throughout the calculation interval.

The calculation is based on the application of
the Maple system (to solve differential
equations), we use the Runge-Kutta method

Table 1. The Runge-Kutta method

0 0.5 1
3
n

. 0.9889 0.9883 0.9889 | 1.62

0.9889 0.9883 0.9899 | 3.24

05 0.9892 0.986 0.9892 | 1.62

' 0.9893 0.9886 0.9893 | 3.24

0 0.9894 0.9887 0.9894 | 1.62

0.9894 0.9888 0.9894 | 3.24

7 | 3.24 32.4 64.8
0. 0. 0.
” 0 [ |1 [0 | |1 |0 | |1
0. |o. [o. o o o [0 |0 |o.

1 98 |98 |98 |88 |88 (88|77 |77 |77
89 1831898678 |86|70]62|70

0. 0. |0. 0. {O0. |0. |0. |O. [O.
0.5 |98 08|98 8888|8877 77|77
82186192189 82|89|74 66|74

0. (0. 0. |0. {O0. |0. |0. 0. [O.
0 98 |98 |98 |88 |88 (88|77 |77 |77
94 |87 194191 |84 |91 |76 68|76

P, |0.989820 | 0.989938 | 0.780245
1

R, (4, t)d
! 2 0?.958671 0.888305 | 0.776721
t" B
%) ?'44306 1071 0.44654 0.89382
K,

D o.6645 0.6690 0.6702
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K ()= -0

t

. AbpaypasakoB, A,

IQ*dT
0
7 3.24 32.4 64.8
g
0. 0. 0.
n 0 5 1 |0 5 1 |0 5 1
0. 0. [0. |O0. [0. 0. ]0. (0. ]O.
1 98 |98 (98 (88 (88|88 |77 |77 |77
89838983 |85(93|85|77]|85
0. /0. |0. 0. 0. ]0.1]0.1]0. 0.
05 |98|98|98 |88 |88 88|77 |77 |77
93186 [93|96 |89 96|89 |83|89
0. /0. /0. |0. 0. ]0.1]0.1]0. 0.
0 98 198 (98 (88 (88|88 |77 |77 |77
94 1881949893 (98|91 |89 |91
P, 10988761 |0.889276 | 0.778815
1
P,(4,1)d
! :(30858730 | 0.889004 | 0778221
ql(t*) -1
0.4408 10 0.44421 0.89096
K, (t )0.6628 0.6678 0.6682
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