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Estimation of breakdown pressure in laboratory experiments
on hydraulic fracturing
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Abstract. Hydraulic fracturing is one of the most common methods used to studystisEas

state of hydrocarbon reservoireing developed The process of fracture initiation and
propagation is affected by initial stress state in the rock and tesistlegth of the rock.
Moreover, fracturing fluid filtered through the walls of the well into the well surrounding rock
mass also affects the process of fracture propagation. The purpose of this work is to determine
the kest method for assessing the fracture breakdown pressure accordialgotatory
experimentsThe experiments on hydraulic fracturing were carried out on a special laboratory
setup that allows to create loading conditions on a model sample that are close to real conditions
at a real field beg developed. Some of the known methods based on analysis of the
dependencies of borehole pressure on time were used for laboratory data processing.
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Introduction

Hydraulic fracturing is one of the most common methods used to study thesstagsstate of

a hydrocarbon reservoir under developniér?]. The hydraulic fracturing process involves a
fracture initiation in the oikaturated reservoir under development by pumping pressurized fluid
into the reservoir through a specially drilled well. The resulting fracture is of interest to the
researcher sge it allows to estimate the values of the principal stresses acting in the
undeformed formatiof8].

Fracture initiation and propagation are influenced by stress distribution in the reservoir
under developmerjtti 6]. Therefore, there are various methods to determine the values of the
main stresses acting in the formation using the analysis of borehole data. Some of the methods
are based on the analysis of the prestiore dependence function obtained from the well
during hydraulic fracturing. For the first time, such an approach was described in thigjwork
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In addition to the initial stresstrain state of the medium, it is necessary to know the
formation breakdown pressure to carry out hydraulic fracturing properly and for successful
oil/gas field developmeriB]. This pressure can be defined as the pressure needed for tensile
fractureinitiation at a given depth, more precisely, at the depth of hydraulic fracturing. The
paper considers one of the existing methods of theoretical assessment of formation breakdown
pressure by analyzing presstirae curves obtained during hydraulic fraatgr. However, the
main objective of the study was to evaluate the impact of some effects on the magnitude of
formation breakdown pressure.

In particular, the authors of the work have shown that in addition to the existing stress
distribution in the formation, scalled reverse stress (backstress) has a significant effect on fracture
initiation. This is an additional stress of the fracturilgdfpumped into the formation and filling
the porous medium of the neaell zone, which prevents fracture propagaffiri4].

A series of laboratory experiments on hydraulic fracturing was conducted within the
framework of the current study. As a result, tidependent pressure relationships for each
experiment were obtained and further processed. Backstress and formationwngailasure
were theoretically calculated for each of the experiments. The obtained theoretical values of the
formation breakdown pressure were compared with the known values from the borehole data
of the laboratory experiments.

Theoretical part

The study is generally aimed at understanding mechanical processes in a small zone near the
wellbore, where hydraulic fracture initiation occurs. The well and fracture initiated after fluid
injection as well as its propagation in the well surrounding neakses are the main objects of

the research. There are several approaches for estimating the hydraulic formation breakdown
pressurg8,14,15]

The distribution of horizontal stresses in well surrounding rock masses was obtained from
the modification of the classical Kirsch problem solution for stress concentration around a circular
hole[16]. This distribution was consequently used to evaluate formation breakdown pressure for
a formation. Fracture initiation occurs whenever minimum principal stress becomes tensile and
its modulus exceeds the unconfined tensile strefits) of the rock mass

The problem of determining the formatibreakdowrpressure was solved under different
boundary conditions. Therefore, it is possible to formulate four cases with different conditions.

Case 1.n the first case, the fracture occurs in a homogeneous nonporous medium, which
is considered impermeable to fracturingfluid. In this caselly = Sy, Oh = S1is true for effective
stresses, since there is no pore pressure distribution in the formation. Compressive stresses are
considered as positive hereaf@rOS.

The formula for estimating the formation breakdown pressure has the form:

P,=3S -§ VTS (@D

with fracturing fluid pressurBy,’, in-situ horizontal stress& andS , acting far from the well.

Pw corresponds to pressure at well resulting into fracture initiation or formation breakdown
pressuréFBP).

Case 2In the second case, the fracture occurs in a homogeneous porous medium, which is
considered impermeable to tinecturingfluid. Since the pore pressure distribution is now present
in the medium, the Terzaghi representation [15] was used for effective stégssé&; - Po, Uh
=S - Po, $1 OSn.

Then the formula for estimating the formation breakdown pressure has the form:

R,=3S -§ P UTS )

with pore pressurio.






