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DETERMINATION OF THE PARAMETERS OF THE DELATONSION-
PLASTIC SEAM AROUND THE ACTING BOREHOLE AND THE PROBLEM
ON THE CARRYING OUT OF THE SAND

Ahstract

In the work on the base of the equations of mechanics of the saturated porosity
mediums the more effective solution of the stationary problem on filtration of the fluid
into the borehole in the plastic seam is obtained. The mechanism of expansion of the
plastic zone around the acting borehole is determined and the connection between the
discharge of the fluid and solid phases is found.

The elastic-plastic skeleton of seams at loading-off don’t restore completely their
primary condition, Some weak grouted seams are characterised by non-reversible rigid-
plastic deformations which influence much on the filtration properties of the seams. Oil-
gas deposits consists of porosity rock with the extracted fluids the solid rock comes into
the borehole. Coming of the broken rock complicates and fails the normal working re-
gime of the borehole and also it reduces to formation of sand plugs in the borehole, to
early amortisation and disexploitation of the borehole equipment.

One of the problems of the rational exploitation of deposits complicated by the
weak-grouted porosity rocks is the prevention of coming of the seams into the borehole,
decrease of the service time of sand boreholes. So the purpose of the present work is to
obtain on the base of the equations of mechanics of saturated porosity mediums the more
effective solution of the stationary problem on the filtration of the fluid into the borehole
in the plastic seam.

Let one central borehole with the radius a work in the rigid-plastic dilatation
plane radial seam re (a,Rk). On the contour of feed R, (supply) the effective radial

stress g, and the flowing pressure P, are given. In this case the equation of continuity
of phases and the dilatonsion coirelation have the form {1,2].
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where p.,p, and v,w are the real density and velocities of the solid and fluid phases,
m is the porosity of the seam, A is the velocity of dilatonsion,
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The first integrals (1} will be
Hl-mpv=C,, rmpw=Cr v=br" (2)
we determine the constants of integration from the conditions of mass flow rate of the
solid and fluid phases on the wall of the borehole
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where m,, p.{a)}, o (@) are the values of the porosity and density of the phases on the

wall of the borehole.
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On the other hand, using from the condition in the borehole and the third formula
(2) and (3) we obtain
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For determination of the porosity we substitute (4) into the first formula (2)
-1
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This formula is simplificated for o, = const

n-l .
m=1~(1—ma{-r~] . (6)
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Hence we estimate the asymptotic values of the porosity:
if n>lLrow,m<l, then m, 51,

m=

if n<l,r—oom <], then m—1 (7N
if n=1, m=m,=m,=cost
However the theoretic and practice investigations show that such asymptotic val-
ues of the porosity don’t correspond to their real values, because m <m_, ~ 0,4 . In spite

of that the formula {(5) doesn’t describe completely the change of the porosity of the
seam, the first condition corresponds to the loosening of the dense seam (n>1) and the

second condition corresponds to the compacting of the porosity seam (1 <1) and the
third - non-compressibility of the skeleton of the seam (n =L A= 0). The formulas (5) or
(6} are fulfilled in some area of the seam r e (a, R), denoting porosity for the gush zone
of the borehole. Therefore, in the rigid-plastic plane-radial scam r < {a,R,} two zones
form (appear) around the acting borehole where porosity in the first zone » e (a,R) is
determined by (6) and in the second zone r ¢ (a,Rk) the skeleton is in the critic condition
(n=],A=0) and m=my =const, k =k, =const .

The coefficient of the penetrability of the seam can be given by the power func-

tion of the porosity [1]
1
L2 = {.E_) 7= (8)
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where &,,m, are the values of the penetrability and porosity for the initial scam pressure,
a,, B, are the coefficients of change of the penetrability and porosity.

By LFatta’s data {1,3] / changes /=2+15. For example, for sandstone /=10,
for sand space in the form of a set of plane channels /=3, for the non-compressible
seam =0,

Write the equation of motion of the non-compressible fluid phase [1] with help
of (2) and (3) in the convenient form; '

27h dP I(Qf“ i"*mQJ,agrsR. (10)
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Here 0, =q,/p,(a} O, =4,/ p,(a).

Substituting (6} and {9) in (10) and integrating it we have:
_Hm; }‘ & __ wmQ, f & _____sP, (I1)

2k, x[] —(1-m, )x”_'r 2an(l —m, Yy ix" [1 ~(1-m, )x”"']' ]
where P, is the pressure on the walls of the borehole, x=r/a.
The seam in front of the delatating zone » & (R,R,} is in the compacted critic

condition and so A, =0, n, =1, sing, =¢,, ¢, # 0. So in the delatating and rigid-plastic
zones the radial effective stress by analogy [2] will have the form:
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P

" N-1Aa b dp
K " " i OP K
ol = o, + — L ] J‘pN'"'—dp ——l— R<Sr<R,
N -1\ R, & el N

where o, is the value of the radial effective stress on the wall of the borehole, K. K, are
correspondingly the coefficients of adhesion in the dilatating and rigid-plastic zones,

N= It an(p ,¢ is the angle of the internal friction,
1-sing
Solution of the equation of dilatonsion in ¢ {R,R,) (1) for n=1 is simplifi-
cated
r

The parameter of integration b is found from the condition of equality of radial
velocities of solid participles (4) and (13) on R
b, = __Q-L_“_?el_;_ (14)
2ah(l - m,)
As for as m, =const,ky = const , then the equation of motion of the fluid phase
(10) with help of (13} and (14) takes the form
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From the equalities of pressure (11), (16} and effective radial stresses (12) on R
we find the connection between the pressure differential AP = F, — P, and discharge of

phases 0,0, -

(17}
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If the system of equations (17) Q_f, P, — P, and the parameters of the problem

oy

L —

where "Q_, =

are given then hence we find the unknown variables O, and R/a.

The calculations have been carried out by (17) for the compacted sands for the
following data: my =0,16, m,=0,16, N=3, N, =2, =445 n=12, R /a =10°,
K=4.10°Pa, K,=5-10°Pa, o, =10*Pa, o, =0.

In (17) the orientation values £, - P, and @? are determined from the problem
on the rigid-plastic regime of filtration for R=R,, A =0,

in R,
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Fig.1. Correlation of the intensivity of discharge of the fluid E(Pa) and the intensivity of car-

rying out of sand _Q-;(Pa) for the stationary work of the borehole in the seam of dense
sand. The curve | correspondsto /=4, thecurve 2 -to I =4.5.
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The case of initial dense pack of sand in the seam corresponds to the results of
the calculations when around the exploitation borehole loosening of the A >0 sand hap-
pens. The critic value Q, which is the messenger of reveal of sand in the borehole, is

determined by the complex parameters of the seam, generally by adhesion, the angle of
the internal friction, the velocity of delatansion, external and internal loadings and etc.

Some cast of the initial data of the real data can reduce to the wrong result. Ac-
cording to the considered model, solution of the system (17) exists only for certain con-

nection between the parameters and in this case, between the intensivity of sand E: and
R/a is found in dependence on the intensivity of the discharge of the borehole (fig.1 and
fig.2).

From fig.1, it is seen that the connection between Q_f and @: is non-linear and

a little decrease of E reduces to much increase of O, . The dilatonsion zone of loos-

ening doesn’t penetrate into depth of the seam and immediately arises in the neighbour-
hood of the borehole (fig.2) .
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Fig.2. The dependence of the dimensionless radius of the intensivity of the discharge of the bore-
hole ¢}, (Pa). The curve 1 corresponds to / = 4, the curve 2 cotresponds to [ = 4,5 .

Distribution of the pore pressure along the seam is determined by (11) and (16).
In the dilatonsion-plastic zone 7 e[l,R:’ a] the pressure P, is from (17) and the above

pointed out data for the minimal and maximal values of O, and P, =1,5-10" Pa. In dif-
ference form the rigid-plastic zone 7 «[R/a,R, /a] the curves of pressure in 7 €[, R/a]
will be bent.
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