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Determination of hydraulic fracturing pressure during drilling
by an analytical method

Wyznaczanie ci$nienia szczelinowania hydraulicznego podczas wiercenia
metodg analityczng

Yusif A. Orujov
Azerbaijan State Oil and Industry University

ABSTRACT: As well depth increases during drilling, the likelihood of various complications rises. These complications include drilling
fluid loss, gas-oil-water influxes, wellbore stability issues, and pipe sticking. If appropriate preventive and corrective measures are not
implemented, many of these complications may escalate into accidents. One such complication arising during well drilling is hydraulic
fracturing of the formation. Hydraulic fracturing pressure is the pressure at which the integrity of the rock in the wellbore walls is com-
promised, leading to the formation of artificial fractures. Hydraulic fracturing during drilling is highly undesirable, as it results in the
loss of drilling fluid into the surrounding formation. Hydraulic fracturing pressure depends on formation pressure, the natural fracturing
of the rock, pore pressure, and the permeability of the rock and the fracturing fluid. As well depth increases, hydraulic fracturing pres-
sure also increases and approaches formation pressure. Accurate determination of hydraulic fracturing pressure is therefore essential.
The proposed method for determining a formation’s hydraulic fracturing pressure is economically advantageous. This research paper
presents a method for determining hydraulic fracturing pressure based on the energy condition of destruction, taking into account the
mechanical properties of the rock and formation pressure.
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STRESZCZENIE: Wraz ze wzrostem gigbokosci odwiertu wzrasta prawdopodobienstwo wystgpienia roznych komplikacji, takich jak
ubytki pluczki wiertniczej, doptywy gazu, ropy lub wody, problemy ze stabilno$cig odwiertu oraz zakleszczenie przewodu wiertniczego.
Brak wdrozenia odpowiednich srodkéw zapobiegawczych i naprawczych moze skutkowaé przerodzeniem si¢ wielu z tych komplikacji
w wypadki. Jedna z takich trudnosci pojawiajacych si¢ podczas wiercenia otwordw jest szczelinowanie hydrauliczne skaty. Ci$nienie
szczelinowania hydraulicznego to ci$nienie, przy ktorym dochodzi do ostabienia ciggtosci skat w $cianach odwiertu, co prowadzi do
powstawania sztucznych szczelin. Szczelinowanie hydrauliczne podczas wiercenia jest zjawiskiem wysoce niepozadanym, poniewaz
powoduje wyciek ptynu wiertniczego do otaczajacej formacji. Cisnienie szczelinowania hydraulicznego zalezy od ci$nienia ztozowego,
obecnosci naturalnych spgkan w skatach, ci$nienia porowego, przepuszczalnosci skaty oraz rodzaju ptynu szczelinujacego. Wraz ze
wzrostem glebokosci odwiertu, ci$nienie szczelinowania hydraulicznego rowniez wzrasta i zbliza si¢ do ci$nienia ztozowego. Dlatego
tak istotne jest precyzyjne okreslenie ci$nienia szczelinowania hydraulicznego. Proponowana metoda wyznaczania ci$nienia szcze-
linowania hydraulicznego formacji jest korzystna ekonomicznie. W niniejszej pracy zaprezentowano metod¢ wyznaczania ciSnienia
szczelinowania hydraulicznego w oparciu o kryterium energetyczne zniszczenia, uwzgledniajaca wiasciwosci mechaniczne skaty oraz
cisnienie ztozowe.

Stowa kluczowe: wiercenie otworu, ci$nienie przy dnie odwiertu, ci$nienie szczelinowania hydraulicznego, stup hydrosta-
tyczny, przyspieszenie swobodnego spadania, kryterium energetyczne zniszczenia, przeciwcisnienie na glowicy odwiertu,
stan naprezenia.
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Introduction

As the well depth increases, the geological conditions
become more complex, increasing the risk of various com-
plications. These complications make drilling difficult and
require special measures for their prevention and mitigation.
The most common complications include drilling fluid loss,
gas-oil-water influxes, wellbore instability, and pipe sticking.
If timely response measures are not taken, such situations may
escalate into emergencies, posing a threat to operational safety.

Almost all complications and most accidents occur due to
a mismatch between the actual pressure in the well and the
required pressure. For example, if the pressure in the well is
too low, the wellbore walls may collapse. If the pressure is too
high, drilling fluid losses may occur. Therefore, it is essential
to consider solutions to problems related to the pressures act-
ing within the well, their influence on the drilling process,
methods of determination, variations over time, and ways
of regulation.

One of the complications that arise during drilling is hydrau-
lic fracturing of the formation. Hydraulic fracturing pressure
is the pressure at which the integrity of the formation in the
wellbore walls is compromised, leading to the formation of
artificial fractures. If the formation undergoes hydraulic fractur-
ing during drilling, the drilling fluid penetrates the surrounding
rock. Hydraulic fracturing pressure depends on the magnitude
of the rock pressure P,, the natural fracturing of the rock, P,
formation pressure, rock permeability, theological properties,
and the rate of fluid injection.

The hydraulic fracturing pressure can be determined as fol-
lows: the wellhead is sealed, and drilling fluid is injected into
the drill pipe while continuously recording pressure and volume,
generating a diagram as shown in Figure 1. In section OA, the
formation resists the applied pressure. At point A, it begins to
absorb fluid, resulting in a nonlinear pressure-volume rela-
tionship. At point B, the pressure exceeds the stresses in the
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Figure 1. Dependence of pressure on the volume of injected fluid
Rysunek 1. Zalezno$¢ cisnienia od objetosci wtryskiwanej cieczy
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Figure 2. Load diagram

Rysunek 2. Schemat obcigzenia

wellbore walls, leading to the formation of artificial fractures
and a sharp pressure drop at the wellhead. This point represents
the hydraulic fracturing pressure. The pressure at point C is
referred to as the fracture propagation pressure.

Different authors have proposed formulas for determining
the hydraulic fracturing pressure P, in the absence of actual
data (Ludivine et al., 2012, 2014; Faergestad, 2016; Marbun
etal., 2016):

Py=0.85(P,— P)) + P; )

By =7 (B =P+ Py 3)
u
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where: u is the Poisson’s ratio, which typically ranges from
0.25-0.4 for dense clay, 0.33—0.4 for clay with sand-
stone interlayers, 0.1-0.2 for clay shales, 0.3-0.35 for
sandstone, and 0.28-0.33 for limestone, P, is the rock
pressure and Py is the formation pressure.

For most rocks, Poisson’s ratio is as assumed to be 0.25.

Problem Solution

We will attempt to determine the hydraulic fracturing pres-
sure P;,using an analytical method.

Let’s consider a wellbore as an infinite cylindrical body with
an inner radius 7, and an outer radius 7|, subjected to internal
wellbore pressure P and P, formation pressure.



It is known that under axisymmetric coditions, the equi-
librium equation for the near-wellbore zone takes the form
(Faergestad, 2016):

7

do, 1
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o,, 0, are the stresses that arise during the well development
due to internal wellbore and reservoir pressure. The considered
problem is a Lame problem with boundary conditions when:
—P; (6)
Hooke’s law for isotropic bodies in a cylindrical coordinate

r=ry 0.= r=ry o.=-Fs

system is given by:

g = %[O‘r -v(o, +G(p)]

(N

€p :é[a(p -v(o, +O'Z)]

g, =%[62 -v(o, +c7q,)]

where:

E —Young’s modulus,

v — Poisson’s ratio,

&, &, €, — relative deformations.

Since the transverse dimensions of the well are much smaller
than its length, the well can be considered an infinitely long
cylindrical body.

Therefore, it can be assumed that the arising deformations
are plane, meaning that &, = 0. Then from the third equation (7):

0. =0, +0,) (8)
Substituting (8) into (7):
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where: o =1 —V?; ﬁ=v+v2

After solving (9) for ,, 0, the following is obtained:

E
o, = (ae, + Be,)
"Taropgr " ®

(10)
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Let us denote the components of the displacement vector
as u, v, w in the radial, tangential, and longitudinal directions,
respectively. The problem is axisymmetric, therefore v = 0.
The deformation is planar, therefore w = 0. As is well known,
deformations are expressed through radial displacement as
follows:
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(11)
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Substituting (11) into (10) for the stresses we obtain:

E du u
Cr=—"> 2 a—-+p—
a - dr r

Oy = £ (a2+ﬂﬂj
¢ a2_ﬂ2 r dr

Substituting (12) into (5) and after some transformations
to determine the radial displacement, we obtain the following

(12)

differential equation:

2
d_;‘ Jlau _u_, (13)
drc rdr r
It is known that the general solution of equation (13) has
the form:
u=cyr+cyr! (14)
where: ¢, ¢, — integration constants determined from boun-
dary conditions (6).
The general solution of equation (5):
_ ) , -
G, =—— ! S| PP 1= L P
i =1 r r
- ~ (15
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The energy failure criterion for isotropic bodies has the
form (Orujov et al., 2016):

2
”

o) +O'£=20'% (16)

where: o7 — strength limit for isotropic rocks.

It is known that regardless of whether the cylindrical body
is under external or internal pressure, plastic deformations
always occur on the inner surface of the cylinder, where the
stresses from (15) take the form when:

2r12 r12+r02
r=ry, 0,=-P; 0,=— P, + ;
r U ’”12—V02 J ﬁz_roz (17)
P:—2an+bP

Considering that the radius of the formation 7| is much
larger than the borehole radius 7y, the values of a and b can
be approximated as follows:

~1 (18)

n—-n n—n

If we consider (17) and (8) in (16), we obtain a 2" order
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equation with respect to P.

P?+(2P; + P)* =207
P*-2P;P+2P; —07 =0 (19)

The obtained equation (19) has real solutions that uniquely
determine the hydraulic fracturing pressure P, The general
solution to equation (19) is:

' 2 2
f)hf:Pfi O'T—Pf

For real solutions, the following condition must be met:

o7 —PF 20 (20)

For any rock lying at a given depth, the strength limit is
greater than the formation pressure.

Therefore, by knowing the formation pressure and the me-
chanical properties of the rock, we can determine the hydraulic
fracturing pressure when drilling a well.

By =Py +\of P}

21

Conclusions

1. A formula has been derived to determine the hydraulic
fracturing pressure that may lead to emergency situations
during well drilling.

2. Based on this theory, a methodology can be developed to
determine the hydraulic fracturing pressure as a function
of the mechanical properties of the rock.

358

References

Faergestad I. [Ed.], 2016. The Defining Series: Formation Damage.
Oilfield Review, Schlumberger: <https://www.slb.com/-/media/
files/oilfield-review/defining-formation-damage.pdf>

Koshelev V.N., 2004. General principles of inhibition of clay rocks
and clay-filled formations. Construction of Oil and Gas Wells on
Land and at Sea, 1: 13—15.

Ludivine L., LaFuente M., Jellison M., Mechecourt P., Pixton D.,
Flores V., Howard T., Smith T., Mfoulou Y., 2012. The IADC
Drilling Manual. Published by International Association of
Drilling Contractors, Houston, Texas, USA.

Ludivine L., LaFuente M., Jellison M., Mechecourt P., Pixton D.,
Flores V., Howard T., Smith T., Mfoulou Y., 2014. The IADC
Drilling Manual. Published by International Association of
Drilling Contractors, Houston, Texas, USA.

Marbun B., Somawijaya A., Novrianto A.R., Hasna H., Anshari M.R.,
2016. Study of Prevention and Mitigation of Stuck Pipe.
41° Workshop on Geothermal Reservoir Engineering, Stanford,
California.

Orujov Y.A., Abbasov S.H., Abasova S.M., 2024. The influence of
rock heterogeneity of the well wall. Nafta-Gaz, 80(9): 566-570.
DOI: 10.18668/NG.2024.09.04.

Yusif Ashraf ORUJOV, Ph.D.

Assistant Professor at the Department of Mechanics
Azerbaijan State Oil and Industry University

16/21 Azadliq Ave., AZ1010 Baku, Azerbaijan
E-mail: yusif.orucov@asoiu.edu.az



