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Calculate the in-situ stress using logging data
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Abstract:- In-situ stress has very important practical significance and inestimable economic significance in oil-
gas exploration and exploitation. Calculating the in-situ stress by logging data is a kind of cheap and relatively
accurate method. The analysis of collapse pressure and fracture pressure can determine the in-situ stress azimuth
and s-wave and p-wave of sonic log data can be used to calculate the dimensions of horizontal principal stress.
There are mainly five methods to calculate the dimensions of horizontal stress: Mattews& Kelly model, Eaton
model, Anderson model, Newberry model and Huang model.
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l. INTRODUCTION

The last two decades, many countries have extensive in-situ stress measurement and application of
research work. Li Zhiming™ showed that the research of present in-situ stress can provide a scientific
background for injection-production well pattern deployment and development plan design and in-situ stress has
a strong relationship with the large area of casing damage caused by the design of hydraulic fracturing,
formation sand production in the process of oil production, water injection inducing earthquake and water
injection inducing formation sliding and peristalsis. Therefore, in-situ stress has very importantly practical
significance and inestimably economic significance in oil-gas exploration and exploitation. In-situ stress
determining by logging data is a kind of cheap method and it has been very mature, and that the calculation
results are more accurate.

1. THE ORIENTATION OF THE HORIZONTAL PRINCIPAL STRESS

Horizontal principal stress direction can be achieved through the analysis of the collapse pressure and
fracture pressure(fig.1). Bore collapse and formation breakdown phenomenon is a result of the combined action
of in-situ stress, fluid pressure and formation fluid pressure on the borehole wall. When the stress suffered by
the borehole wall is more than the rock shear strength, the phenomenon of sidewall formation collapse occurs. If
the minimum effective principal stress suffered by the borehole wall in the maximum horizontal stress direction
is less than zero, it will overcome the tensile strength of the rock formation and form the tensile fracture.
Researches show that hole collapse occurs generally in the minimum horizontal stress direction and formation
fracture occurs in the direction of the maximum horizontal stress®®®. In addition, their directions are
perpendicular to each other. For example, figure 1 shows that the minimum horizontal stress has an azimuth of
N 70°E therefore the maximum horizontal stress is orientated N 20°W.

Fig.1 The collapse pressure (left) and fracture pressure (right) analysis in a certain oilfield

1. THE DIMENSIONS OF THE HORIZONTAL PRINCIPAL STRESS
There are mainly five methods to calculate the dimensions of horizontal stress: Mattews& Kelly model,
Eaton model, Anderson model, Newberry model and Huang model.
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3.1 Mattews& Kelly Model

In 1967, Mattews and Kelly based on Hubber and Wilis’sresearch, put forward this model with the
combination of hydraulic fracturing in the process of drilling. The model shows that overburden pressure
gradient is not constant with depth change, at the same time without considering the influence of Biot elastic
coefficient, which is not consistent with the reality. Besides, K; requires a lot of adjacent well fracturing data to
determine, this model has not been applied extensively:

Op = Ki(av _Pw) +Pw (1)

Where o}, is the minimum horizontal stress, MPa; K; is the skeleton stress coefficient, non-dimensional;
oy is the vertical stress, MPa; P, is the pore pressure, MPa.

3.2 Eaton Model

In 1969, Eaton put forward that overburden pressure gradient is not constant but a function of depth,
pointed out overburden pressure gradient can be obtained by density logging data, and crystallized K; as u/(1-p).
This method is mature and commonly used in engineering, but it also doesn't consider the effect of Biot elastic
coefficient. For low porosity, poor permeability of formation the calculation error will be larger.

Op zﬁ(av_Pw)-l_Pw (2)

Where p is the rock poisson's ratio, non-dimensional.

3.3 Anderson Model

It was deduced by Anderson using Biot theory elastic deformation of porous media in 1973. Anderson
model makes the stress calculation to a new level. The introduction of the elastic coefficient of make for further
understanding of the role of the formation pore pressure.

oy =1 (0, —aR,) +ah, (3)

Where o is the Biot elastic coefficient, non-dimensional.

3.4 Newberry Mode
In 1986, Newberry revised Anderson model in view of the low permeability formation with micro cracks.

Op = 1#:(0'17 —C(PW) +PW (4)

3.5 Huang Model

Huangrongzun professor, a Chinese geologist, based on the above formula put forward this model in
1984 assumed that stress suffered by the underground rock is mainly composed of overburden pressure and
horizontal tectonic stress, and the horizontal tectonic stress is proportional to the overburden pressure.

oy = (1= +8:) (0, - aR) + ak, (5)
on = ({4 B1) (0, — aP,) + R, (6)

Where oy is the maximum horizontal stress; B; is the tectonic stress coefficient in the direction of the maximum
horizontal stress; [, is the tectonic stress coefficient in the direction of the minimum horizontal stress.

V. APPLICATIONHUANG MODEL TO THE BZ34-24 FIELD
Above five models, because of the Huang Model either considering the influence of Biot elastic
coefficient or the effect of tectonic stress, the calculation results are the most accurate in the above five model.
The stress of the BZ34-24 field is carried out the calculation using the Huang model(fig.2).The BZ34-24 field,
lacking of in-situ stress logging data, is in the stage of waterflooding and has the complex fracture system. It is
necessary to study the stability of the faults using the stress data. Thecalculationresults ofstress are as follows:

0, = 0.0155 x D — 0.4249 (7)

oy = 0.0213 X D — 1.9704 (8)
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Whereoy, is the minimum horizontal stress, MPa; where cpisthe maximum horizontal stress, MPa; D is the depth,
m.
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Fig.2 The profile of the minimum horizontal stress and the maximum horizontal stress

V. CONCLUSION
Horizontal principal stress direction can be to get through the analysis of the collapse pressure and
fracture pressure; The first three models are uniaxial strain model and can only calculate the dimensions of the
minimum horizontal principal stress, so the dimensions of the maximum horizontal principal stress is still need
to be determined by other methods. The latter two models are biaxial strain model and can calculate the
dimensions of both the minimum and maximum horizontal principal stress, what’s more, the calculation results
is more accurate than the previous two models.
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