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Abstract- flow of gases in a bed occurs at nonlinear law Il. THEORY SCHEMES
of resistance. This paper describes a solution of problems The differential equation of non-stationary, isothermal
for variable thickness at the linear law of filtration of  gas filtration in a variable thickness bed can be
gases in a bed. The constant weight discharge of gas  represented as
wells flow is analyzed in two stages. In the first stage of
flow related equations are solved. The investigating gas Fi-ail:F(r)[—aﬂ/az +apLa pg—p}=2mb&2—f )
flow in duration of the first stage is found out in the (r) or Pa O Pra
second stage. The results show that inconstancy of  where
thickness essentially influences contour pressure decline 6—p:ﬁv+bpv2 - the gradient of pressure;
and well production rate of contour pressure. Therefore, or
the thickness alteration of gas bed based on the solved  p - pressure;
equations influences well production rate and also bed  r - the current radius;
pressure changing. v - the filtration rate;
4 - the coefficient of gas viscosity;
Ke_ywords: Nonlinear Lavx_/ of Resistance, Gas F|_Itrat|on, k - the permeability index:
Thickness B_ed,_ Nc_m—Statlonery, Isothermal, Discharge  p _ the turbulence factor:
Flow, Bed Distribution Pressure. .
a=* m - the factor of porosity of a bed;
I. INTRODUCTION K
In a nature oil and gas deposits are usually of variable ;
thickness. It is known, that flow of gases in a bed occurs ~ h(r) - the bed thickness.
at nonlinear law of resistance. Therefore, the solution of Let's consider a case when it is given the constant
problem about filtration of gases in view of change of bed  weight discharge of a well. In the first stage of flow the
thickness and nonlinearity of the law of resistance is great  solution of equation will be

F =2zrh(r) - the current area of cross section of a bed;

practical and theoretical interest. The solution of 2 B r 1) 2
problems for variable thickness at the linear law of pr(r.t)= pl(t)+|°2(t)ln|(t)Jr pa(t) r @
filtration is given in reference [1]. where I(t) - the boundary of domain of influence moving

closed variable thickness bed at the nonlinear law of . . "
defined from the following boundary conditions:

resistance is solved by a method of integral ratios, when

constant weight discharge G and constant pressure p are plI(t),t]= p,. pa_p‘ -0 (3)
set in a well. Meai

Assume that circular closed gas-bearing bed of op Gp Gb

. g . . e X p— = ta +al=B (4)
variable thickness of radius R exists. Before drilling-in orl..  7eF(r)L oF(r,)

the pressure in a bed is everywhere identical and equal to

p, - In the centre of a bed the single well of radius r, is In view of conditions in equations (3) and (4) from

equation (2) we shall get

running [2]. 2 e C o i
p (rvt): Po +m[l—lnm—7j ( )

I(t) is determined from the following integral ratio.
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Let’s substitute p(r,t) from equation (5) into the

expression (7) and expand the square root under integral
in a series, where we take only two terms of expansion.
Then we shall have

___Bu

© pAF(r,)

|t I(JpF(r) 1-in" 1O g : (8)
-, ; o r

Before investigating gas flow in the second stage, it is
interesting to find out duration of the first stage. Setting
various laws of variation for F(r), we were convinced,
that duration of the first stage is insignificant and does
not exceed several minutes. The second stage of flow
begins after I(t) will reach impermeable boundary of a
bed.

In the second stage distribution of pressure is defined

by the formula

2Br? r R
2ty =p2t)+ —>|1-In———
P = P2+ 2o (1o =B

where p_(t) is the contour pressure.
The integral ratio for definition of p_(t) takes the form

©)

w

d R
a! F(r)p(r,t)dr =—AF(r,)

From here we determine

1 R
AF(rW)D;F(r). p(r't)dr} .

where t, is the duration of the first stage of flow.
From the equation (10) we shall get

1§ 2Br? r R
~ty=———| | F(r),[pZ +—2|1-In——— [dr -
0 AF(rW)D ()\/p° R ( R rj

2Br,

-
t ) 2 r R
_{ F(r)\/pc (t)-l— R_r (1—InE—Tjdr:|

Calculations show that not tolerating poor accuracy, it
is possible to disregard the second term of a radicand.
Then the equation (11) will take the following type.

R

E (P p.() [ (D

pe (t)

(10)

t—t, =—

(11)

(12)

t—t
° AF(r,)
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I11. CALCULATIONS
The results of calculations according to the equation
(12) even at sufficiently small bed pressure are in error
less than 1% in comparison with the equation (11).
Subject to equation (12) the expression (9) will be

transformed as follows.
2

AF(r,)

pz(r,t)z Po—% (t_tO) +
[F(r)dr
(13)
2
+£§¢@_mL_B)
R-r, R r

Let's consider a case when constant pressure is given,
i.e. in a well the following condition is fulfilled.

p(rlt)L:rW = Pw

Based on the numerical research results, in this case
duration of the first stage also does not exceed several
minutes. This circumstance allows us to start directly
with the second stage of flow. The distribution of
pressure in a bed can be represented as follows:

(14)

2 2
p%nw=¢m—JiQ;ﬁ%@_m%_§j (15)
1-In-¥——
R r

w

Therefore, the contour pressure p_(t) is defined from
the following integral ratio.

%T F(r) p(r,t)dr = —E(—1+,/Mp§(t) - D)

So, after integration at p_(0) = p, we shall obtain, that

(16)

Pe
P
EPa
R 2 2
d| [F) pf(t)—m(l—lnL—B)dr
r, R R r
rw 1-Ine_-2
R, a7
~1+/Mp2(t)-D
where
£ _aPaF ()
2mbp,,
R_1
2
M :_th)pta . rW I’W
a pta 1_|nrl_5
R r
D=-1+Mp]

Similarly to the previous case we shall expand a
square root under the second integral of equation (17) in a
series with preservation of the first term only.
Calculations have shown that the error in this connection
makes less than 0.1%.
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Then the equation (17) will become

_TF(r)dr

Pc

. dp, (18)
E ,-1+yMp?-D
Opening integral we shall get

R

F(r)dr
i() anmJﬁ#JMMm—D_

t=—

(19)

EM PovM +/Mp? - D
L I(—1+./Mpi—D)(D+pc1/M(1+D)+«/Mpf(t)—D)

J1+D n(—1+\/Mpf(t)—D)(D+ Py /M L+ D)+\/Mp§—D)

The mass gas flow rate, obtained from a well, is defined
under the following formula:

Q:F(rw)z%(—lepg(t)—D)
The offered solution provides sufficient accuracy both
at the given discharge and at the given pressure that
alongside with simplicity of calculation, enables to
recommend it for practical calculations.
Let's compare results of calculations for cases of
variable and constant thickness h, at identical volumes of

a bed. We shall assume that a bed thickness varies
according to the following equations.

(20)

h(r)=c,~+c, (21)
R
h(r) = hcos Z- (22)
2R
and , = hy _
0,462

For calculations we shall accept the following
numerical data.
m=0,2
1 =0,0167
k =0,03,
1 =0,0167, k =0,03, p,
p, = 360ta,
7w =0,8kg/m?®
h, = 23,3m,
R =1000m,

r,=0,1m, b:9-108%, ¢, =20m, c,=10m

and ¢, =10m, c, =30m.

The value of b is taken from reference [2].

Let's note that at these numerical data duration of the
first stage, calculated under the equation (8), makes
accordingly 174.7; 141.6 and 136.5 [sec] at constant
thickness, and also at linear and cosine-shaped change of
thickness.

IVV. CONCLUSIONS
Calculations show that inconstancy of thickness
essentially influences contour pressure decline and well
production rate. So, at linear change of thickness, when
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thickness is increased from a well to a contour of bed, the
decline of contour pressure occurs weaker than at
constant thickness. on the contrary, if thickness decreases

in the direction of a contour of bed the contour pressure
falls stronger. Besides, at cosine-shaped change of
thickness the contour pressure declines stronger than at
constant thickness.

At the same changes of thickness the well production
rate is higher or lower than production rate, obtained at
constant thickness of a bed.

It is possible to show that at the given production rate
the inconstancy of thickness of a bed essentially affects
the distribution of pressure in a bed.

Thus, it is possible to conclude that change of
thickness of a bed definitely influences well production
rate and change of pressure in a bed.
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