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Main equations of poroelasticity

1. Governing Equations
dive =0, o= Adivul+2p&(u) —apl (1)

2. Relation between pore pressure, deformation of the skeleton
and fluid compressibility

p = M(—ae+ pro) (2)

3. Filtration of fluid

g’t’ = Mdiv (:;Vp - ag‘:) (3)
Here o — Cauchy stress tensor, u — the displacement vector of the
skeleton, £(u) — stress-strain tensor, € = tr & — volume
deformation, a =1 — K /Ks — Biot coefficient, A u u — elasticity
modulus, M — Biot modulus, ¢ — porosity, k — permeability, n —
fluid viscosity.
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Drained and undrained experiments

Drained experiment Undrained experiment
dp=0ort— o0 d(prp) =0or t =0T
at constant porous no movement of the fluid
pressure
do = K,de,
do = Kde, dp = aMde.
d(prop) = ade.

K, = K + a2M — undrained
bulk modulus: K, > K.

Phase 2: Shear

dp = —Bdo

Cell pressure ) M
(CH) o .
= & 1 0/ B Here B = —— is Skempton
/— Pore fluid drainage K
- . Ravereen

coefficient, 0 <uB < 1.

Conclusion: porous fluid increases effective elasticity of the material!
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The problem of the stimulation of the hydraulic fracturing.

Hydraulic fracture opens under the pressure of the pumped fluid.

1(70 TL

TTT eak-off
o | E—— T
T(f“ Ty HuLeak off

One of problems is finding the opening of the fracture w as a
function of fluid pressure p.

w = F[p; \,u,a, M, oy, .. ]

at given poroelastic reservoir characteristics and compressive rock
pressure oyg.
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Influence of the backstress on the opening of the fracture

Backstress is the additional compressive stress, which appear due to

the filtration of the fluid into the reservoir

elastic poroelastic
solution  ru.-ww.solution

Backstress in the fracture (left) and opening of the fracture at
different « (right)

Influence of the poroelastic effects decreases the effective length of
the fracture:

Generation of the backstress = Increase of pressure in the fracture =

Increase of the leakoff = Decrease of fracture length
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Formal definition of the backstress

We will distinguish explicitly the contribution of the pore pressure
to stresses in the medium:

u=u+uP, o=0cP+0o"—apl.
Equilibrium equation are divided into 2 subproblems:

dive? = aVp, dive" =0,
[F:u=0 I',c:ar(n>:(ao—p)n+
apn —oP(n).

Backstress b = (apn — oP(n)) ’rf'

Taking into account the backstress allows to solve the problem of
crack opening in the framework of the usual elasticity model for o
with additional stress b over the fracture's wall.

r
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Defining of the Backstress in Exact Solutions

Compression of the flat poroelastic layer under the fluid pressure

RN
bt op
bl W:07$:07
o(n) = —Pyn,
w=0,p=0.

r=~Rp:

o = —Po+ Sp cos 26,

o= —Py+5Sysin20, p=—Fg
r= Royt : w=0.
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Compression of the flat layer

Equilibrium conditions for tensor o”:

9?wP op
= a5, Wp‘z:O = Wp|z:L =0.

0z2 0z

(A +2p)

Consequently,

owP L
0 0P (m)]ms = (V20 et = am(®) ~ § [ ples)ds
V4 L 0

According to the definition we will find backstress in the form:

L
b = (apn —n-oP(n))|oey = ‘Z/ p(t, s)dsn.
0

Backstress is proportional to the average porous pressure over the
layer!
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Evolution of porous pressure

Exact solution for pressure:

n=0
Here
k K+3 . N :
cr = —Mﬁ — coefficient of the filtration of the porous media
n u 3 M

The position of filtration front: zg: ~ /crt.
The leakoff velocity: v; ~ 1/4/cst

L
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Cylindrical layer: the axisymmetric case

We will suppose Sp = 0.
Radial displacement

up = ;Jz((;l(l—_Qz;))i /R;(sp(s, t)ds) +

Coefficients A; and A, are determined by the

boundary conditions.
The value of the backstress is the same on both the external and

the internal cylinder and is proportional to the average pressure.

b 2af,§°“‘sp(s,t)ds
RZ, - RZ

out

r

Backstress for the symmetrical compression is equal to zero for the
cases of an infinite flat and cylindrical layers!
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Cylindrical layer: non-axisymmetric case

We will consider that py = 0, Sg # 0.

m\ 4+ m+ 2046 —4v) (1P

b,:2a(—1+2y)(c0526 S el L
3+3X2m 1 s
P& ds
+)\6m2—3)\4+3)\2—m2//\ $ds).

4Nt — Nm—m Lp
ol - ( P .
by = 2a(—1+ 2v)sin 20 37 30 6 2//\ §ds

3+43Mm L s
- P3ds). (5
A6m2—3A4+3A2—m2A ° 5) (5)

Here A\ = R'L,?"", m=3—4v.
out
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Cylindrical layer: the non-axisymmetric case

For the infinite layer R,y = oo,

b, :_Qa(2u—1)cos20/ Bds,
3—4v Rin S
by — 2a(2v — 1) sin 260 /OO Eds
3—4v Rin S

Backstresses

» exist in the infinite layer for the inhomogeneous porous
pressure;

» have both normal and tangential components;

> determined by the Poisson coefficient and does not depend on
the Young’s modulus
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Conclusions

» The formal definition of the backstresses, which appear due to
the action of the porous pressure over the boundaries of the
domain, is given;

» The exact formulas for the backstress in the problems of the
compression of flat and cylindrical layers are found;
» The analysis of the observed formulas revealed
» For the homogeneous distribution of the pressure, the
backstress is proportional to the average stress at a layer and is
equal to zero for the infinite layer;
» Under the inhomogeneous porous pressure, the backstress has
both normal and tangential components, depends on the
Poisson coefficient and is proportional to the integral from the
porous pressure.

» The leakoff velocity and the backstress are strongly influenced
by the poroelastic filtration coefficient.
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