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Experimental studies of changes in rock properties depending on the pressure in the well and in the massif of the plastic layer
at different distances from the well over time were carried out. The function demonstrates the power dependence of the pressure
ratio at the moment of time on the geostatic pressure. After sealing the well, the pressure in the massif of the plastic formation
increases in the near-well zone and decreases in the peripheral zone. Over time, the pressure in the massif of the plastic layer
is equalized over the entire area of the layer. Pressure changes in a plastic rock have an impulse character. Thermal (residual)
stresses affect the destruction of rocks during drilling with an increase in the depth of the well

Keywords: plastic rock, rheology, stress-strain state, trunk, well

3aj1esKHICTD BJIACTHUBOCTEN IVIACTUYHHUX IiPCHKUX MOPIA
Bi/l 3MiHM THCKY B CBepPAJIOBMHI
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B pospizax pomosun JJHinpoBo-/loHenbKii 3anaquHi BUSBIICHI IIOTYKHI TOBIII COJIi y IEPMCBKUX Ta IEBOHCHKHX BiJKIIaIaX
3a JaHUMH CIIOCTEepeXeHb, Taki Aedopmariii MaroTh HECTIHKHUIT XapakTep i MOXXYTh MPOSBISTHCH B OyIb-SIKHIl MOMEHT eKC-
IuTyaTarii BepTHKAIBLHOTO CTBOJA. B cTaTTi JOCIIKEHO MOBEIIHKY TripChKOTO MAacHBY 3 BMICTOM BHCOKOIUIACTUYHHX MOPIiZT
Ha Mozeni. B sikocTi Mozeni MacuBy BUCOKOIIACTHYHOI Opou OyB BUKOPUCTaHUH nmapadiH, 1o 00MexXyBaBCs 0 ropu30-
HTaJi TpyOOI0 BEJIMKOTO AiaMeTpa, a o BEPTUKAJI — XKOPCTKUMH IUTUTaMH. B sikoCTi Mozieni cBepLToBHHH OyJia BUKOpHCTaHa
ryMoBa TpyOKa, 3all0BHEHA PiMHOK0. THCK Ha MOJIENb TEKY4Oro IUIACTa CTBOPIOBABCS TiIPaBIiuHUM HPECOM, KU aBTOMa-
TUYHO MiATPUMYBaB 3aJJaHUH TUCK MPOTATOM BCHOTO €KCIIEPUMEHTY. 1151 BUMipIOBaHHS THCKY B MOJIET CBEpIJIOBHUHM 1 Tip-
CHKOTO MacuBY OyJIM BUKOPUCTaH|1 HAIBIIPOBITHUKOBI JAaTYHKH 00'€MHOTO THCKY, 110 OyJIM YCTaHOBJIEHI Ha pi3Hil BiICTaHi
Bix oci cBepAIoBUHU. JI0 TOYATKY EKCIIEPUMEHTY MOJENb IPCHKOTO MacHBY 13 YMOBHOKO CBEPJUIOBHHOIO BHIEPIKYBAIIACh J10
BUPIBHIOBaHHS THCKY Y BCiX Toukax 00'eMy. [T0TiM THCK B MOJIeNTi CBEP/JIOBUHH 3MEHIIIYBAIH IO aTMOC(EPHOTO 1 CBEp.IIO0-
BUHY TepMeTU3yBaIH. [I0Ka3HMKH TAaTYHKIB THCKY PEECTPYBAINCH IPOTATOM BCHOTO EKCIIEpUMEHTY. B pe3yinbraTi excriepu-
MEHTY BCTAQHOBJICHO, 1110 iIHTCHCHBHICTh MaAiHHS THCKY 3MEHIIIY€ThCSI Bijl CBepAIoBUHH. [Ipy PO3KPHUTTI CBEP/JIOBHHOIO I1a-
CTHYHOTO TUIACTa CIIOCTEPIraeThCsl IHBEPCisl TUCKY MMOJaN Bifl CBEpAIOBUHH. BeTaHOBIEHO, 1110 Y epiioMy HaONVKeHHI st
BHU3HAYCHHS THCKY COJISTHMX Ta [JIMHUCTHX BiIKJIaeHb HA KPIIUICHHS B Oy Ib-sIKMil MOMEHT 4acy MO)KHA BUKOPHCTATH alpo-
KCHMyo4y QyHKII0. SIKa AeMOHCTpPYE CTETICHEBY 3aJIeKHICTh BiJHOIICHHS THCKY HA MOMEHT 4acy JI0 T€OCTATHYHOT'O THCKY.
TTicns repMeTH3allii CBEp/UIOBHHH THCK B MAaCHBI IUIACTHYHOTO IIJIACTa 3pPOCTA€E B IIPHU-CBEPUIOBHHHIHN 30HI i 3MEHIIYETHCS B
nepuepiifHiil 1 3 YacoM BHPIBHIOETHCS MO BCil momii. 3MiHM THCKY B INTACTUYHIHM ITOPOAI MAIOTh IMITyJILCHUH XapakTep.
TepmiuHi Hanpy>KeHHS, SKi MalOTh Ha3BY 3IMIIKOBUX, BIUTMBAIOTh HA PYHHYBaHHS TipCHKHUX TOPiA MMig Yyac OypiHHA 31 30i-
JIBIIIEHHSM TITHOHUHU CBECPAJIOBUHHA

Kiio4oBi ciioBa: Hanpy)xeHO-1e(OpMOBaHUil CTaH, PEOJIOriuHi BIACTHBOCTI, CBEPUIOBHHA, CTOBOYP, INIACTHYHA [TOPO/A.
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Introduction

Oil and gas filds located in the Dnipro-Donetsk Basin
are characterized by significant depths of occurrence,
high thermobaric gradients, differences in formation
pressures along the section, multicomponent formation
fluids, etc.

Thick strata of salt in Permian and Devonian sedi-
ments were found in sections of deposits in the Dnipro-
Donetsk Basin. In tectonic terms, the deposits have
salt-dome structures. In the cross-section of the sedi-
mentary stratum, sub-saline and supra-saline com-
plexes, separated by a saline complex, are found in the
deposits of the Poltava region [1]. Terrigenous sedi-
ments occur in practically all sedimentary rocks of the
Dnipro-Donetsk Basin.

he main problem of drilling is related to ensuring the
stability of well walls in clay and salt rocks. It is nec-
essary to pay attention to the prevention of spalling and
collapse of the walls of the well. So it is necessary to
pay sufficient attention to research and prediction of
stresses acting on the wellbore. Ensuring the integrity
of well walls during their drilling is one of the primary
tasks of improving the quality and increasing the tech-
nical and economic indicators of their construction.
From the practice of drilling directional wells, the costs
of combating complications are on average 20-25% of
the calendar time of drilling. The loss of stability of
clay or salt rocks is understood as falling out, crum-
bling, collapsing, narrowing of the trunk, cavernous
and gutter formations. These phenomena lead to the
seizure of the drill string and a significant increase in
the material costs of materials and production time for
their elimination [2].

Most of the complications that exist in wells are the
result of a certain stressed state of the massif. There-
fore, it is necessary to analyze the causes of complica-
tions, collapses, deformations of well walls.

In real conditions of occurrence, rocks are in a state
of comprehensive compression. After opening the for-
mation by drilling, a local force field is formed on the
perimeter of the wellbore. This leads to various defor-
mations on the well walls: from plastic flow to brittle
failure. The nature of these deformations is determined
by the properties of the rock and the magnitude of the
rock pressure. The conditions of formation, composi-
tion and degree of lithification of rocks cause a wide
range of changes in their properties.

For example, plastic and water-sensitive rocks behave
as highly plastic bodies. Thus, the presence of such rocks
in the wellbore can cause narrowing of the wellbore.
However, under the influence of temperature and pres-
sure, new rigid chemical bonds between its structural ele-
ments arise in such rocks. The nature of destruction of
such rocks is already brittle or plastic-brittle. They are ca-
pable of cracking and crumbling in deep conditions when
opened by drilling.

Review of the research sources and publications

At the stage of drilling and operation of wells, it is
important to determine the change in the volumetric
stress state of the rock massif containing plastic rocks.
Because it is quite difficult to directly measure the
pressure in the massif of rocks. The authors analyzed
individual cases of assessing the stability of wellbore
shafts.

For example, in the works of A.I. Riznychuk,
LI. Chudyk. the factors affecting the stability of the
well walls in conditions prone to landslides and rock-
falls were analyzed [2,3].

R. V. Rachkevych also analyzed a special case of the
stress-deformed state of the drill string in the curved
part of the well. The analysis was carried out when a
trough or cavern formed on the wall of the well. Addi-
tionally, the force of interaction of the drill string with
the bottom of the chute or cavern was determined [6].

Often the destruction of rocks occurs outside the zone
of elastic deformations - in the zone of the plastic state.
This is characterized by the appearance of significant
residual deformations in the rocks. Evaluation of their
stability in the wellbore is reflected by the dependence
of K.F. Puks. In the initial data, the diameter of the
wellbore and the rock-crushing tool, the volumes of the
wells are known [2].

Plastic deformations occur as a result of displacement
of dislocations. They start from places of structural dis-
ruption and spread along the sliding plane gradually,
without disturbing the crystalline structure and integ-
rity of the substance.

Along with this, mutual movement of rather large
volumes, compression, crumpling, etc. (quasi-plastic-
ity) is observed in the rocks. The behavior of a moun-
tain massif under the action of forces can be described
by various models: mechanical model - elastic
(Hooke's body); mechanical model, which is a heavy
body lying on a horizontal plane and connected to a
spring (Saint-Venant body).

The work of E.M. Baranovsky [4,5] is devoted to
solving the problem of wellbore stability. The stress-
strain state of wellbores was quite difficult to describe
by analytical equations.

An analytical model for the characterization of salt mas-
sifs was also proposed by M. Todores (2020) based on
octahedral geomechanical parameters. It was verified
both by laboratory studies using modeling tools and by
on-site measurements [7].

Hadiseh Mansouri, Rassoul Ajalloeian (2018) deter-
mined from the results of experiments that the axial peak
stress, strain and modulus of elasticity gradually increase
with the increase of strain rate. It was established that the
model of viscoelastic creep of Burgers agrees quite well
with the experimental data on creep. [§].

Definition of unsolved aspects of the problem

A new deformation criterion of the compressive
strength of samples of salt rocks was also proposed.
The limiting principal deformation is a function of the
stress parameter in the form of the ratio of hydrostatic
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pressure to stress intensity [9]. That is, it was estab-
lished that the deformation will depend on the hydro-
static pressure. This needs to be verified in natural or
laboratory conditions.

Most rocks belong to strengthening bodies. In order
to maintain plastic deformations in them, it is necessary
to increase the tension. At the same time, the growth of
stresses occurs at a decreasing rate. This behavior of
the rock is modeled by a combination of an ideally elas-
tic Hooke body and an ideally viscous Newtonian body
(a piston with holes moving in a cylinder filled with a
viscous liquid). When these bodies are connected in
parallel, the model of the Kelvin - Voigt body is ob-
tained, when it is connected in series - the Maxwell
body. However, these models describe the stress-strain
state of rocks without taking into account the rheolog-
ical properties of the rock and the corresponding ther-
mobaric conditions of the massif.

Problem statement

The purpose of the research is to conduct experi-
mental studies of changes in rock properties depending
on the pressure in the well and in the massif of the plas-
tic reservoir at different distances from the well over
time.

Basic material and results

The plasticity of rocks increases with increasing tem-
perature and lateral pressure. However, the number of
dislocations in rocks does not change. At the same
time, their mobility increases significantly, which con-
tributes to plastic deformation. Rocks that behave as

brittle under normal conditions acquire pronounced
plastic properties at elevated pressures and tempera-
tures.

This is important when developing deposits at great
depths. For example, the ability to plastic deformation
in limestones and siltstones appears already at all-
round pressures of about 50 MPa, in anhydrites - about
100 MPa. The construction of vertical shafts in salt
rocks coincides with the spread of deformations of the
rock contour over a long period of time. As the data of
natural observations show, such deformations have an
unstable character [5, 6] and can appear at any moment
of operation of a vertical shaft. At shallow depths (up
to 200 m), the well bore, drilled through salt rocks, was
not secured. However, with an increase in the depth of
salt deposits (more than 300 m), the "creeping effect"
of rock salt begins to manifest itself actively.

This phenomenon occurs at tangential stresses on the
trunk contour of 10-15 MPa according to research data.
At great depths (1000 m and more), the development
of rheological processes is accompanied by significant
deformations of the rock contour of vertical shafts.
Also, the load on hard fasteners in the long term in-
creases to 20 MPa or more.

Therefore, it is necessary to investigate the behavior
of the mountain massif with the content of highly plas-
tic rocks on the model. As a model of the massif of
highly plastic rock, paraffin was used, which was lim-
ited horizontally by a large-diameter pipe, and verti-
cally by hard plates.
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Figure 1 — Graphs of pressure changes in the well model and at different distances from the axis (R1-R16)
of the well in the model: Py is the initial pressure in the model, MPa; R - the radius of the wells

A rubber tube filled with liquid was used as a well
model. The pressure on the model of the fluidized bed
was created by a hydraulic press, which automatically
maintained the set pressure throughout the experiment.
Semiconductor volumetric pressure sensors were used
to measure the pressure in the model of the well and
the rock massif. They were installed at different dis-
tances from the axis of the well.

Before the start of the experiment, the model of the
mountain massif with a conventional well was main-
tained until the pressure equalized at all points of the
volume. Then the pressure in the well model was re-
duced to atmospheric and the well was sealed.

The readings of the pressure sensors were recorded
throughout the experiment. In fig. 1 shows graphs of
pressure changes in the well and in the massif of the
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plastic layer in the "pressure-time" coordinates at dif-
ferent distances from the axis of the well.

The readings of the pressure sensors were recorded
throughout the experiment. In fig. 1 shows graphs of
pressure changes in the well and in the massif of the
plastic reservoir in the pressure-time coordinates at dif-
ferent distances from the axis of the well.

From fig. 1 shows that when the pressure in the well
model decreases (corresponding to the moment when
the well opens the mass of plastic rocks), the pressure
decreases over the entire area of the mass. At the same
time, when the point is far from the axis of the well, the
magnitude of the pressure drop in the massif decreases
[10-14].

After closing the well, the nature of the pressure
change in the massif at different distances from the axis
of the well is significantly different. In the well and at a
distance of two radii of the well, the pressure remains
unchanged. At a distance of five radii, stabilization and
a slight decrease in pressure are observed first, and then
an increase. At a distance of more than 8R from the axis
of the well, the pressure increases and at a distance of
more than 11R it exceeds the set pressure. Over time,
the dynamics change: the pressure on the peripheral
sensors begins to fall, and in the well and near-well
zone - to increase. Fig. 2 shows graphs of pressure

.

N
W
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changes in the well and in the massif of the plastic layer
in the "pressure-distance" coordinates from the axis of
the well after sealing the well, which corresponds to
the state of the massif after fixing the well.

It can be seen from Fig. 2 that in this experiment the
maximum pressure changes in the massif of the plastic
layer occur at a distance from the axis of the well to
eight values of its radii. In the zone of distance along
the formation, which is equal to the distance of eight to
eleven well radii, pressure changes are insignificant.

The analysis of the graphs shows that the pressure
changes in the massif of the plastic reservoir model
have a pulse character. It is obvious that this character
is due to the periodic accumulation of energy in a cer-
tain zone of the massif and the shift towards the well
[11].

When assessing the stress-strain state of plastic rocks
around the well, it is necessary to take into account the
thermal conditions of the rocks. The difficulty of eval-
uating the resistance of rocks to thermal effects around
the borehole lies primarily in the fact that it depends on
the coefficient of linear temperature expansion of the
material, its modulus of elasticity, thermal conductiv-
ity. And also from the regularity of the distribution of
the temperature field, the state of the surface, the prop-
erties of the surrounding deposit, etc.
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Figure 2 — Graphs of pressure changes in the well model at sharp time intervals
after sealing the well, depending on the distance of the sensor from the axis of the well [8].

For example, if a body is heated unevenly in volume,
then the temperature deformations of individual ele-
ments corresponding to such heating become limited
due to the fact that neighboring elements interfere with
free deformations. At the same time, stresses will arise,
the distribution of which will depend on the regularity
of the temperature distribution.

If the material is homogeneous and the temperature
is the same throughout the volume of the body, then
temperature deformations inside the body are not lim-
ited by anything and do not cause temperature stresses.
Temperature stresses can occur only when the material
is heterogeneous in temperature coefficients of volume

expansion or due to uneven distribution of the temper-
ature field by volume. Also, temperature stresses can
occur under the condition of external limitation of tem-
perature deformations on the surface of the body.

Temperature stresses are always given by tempera-
ture deformation. Therefore, uneven temperature
fields, unlike uniform ones, can be accompanied by a
change in temperature stresses.

Most often, rocks consist of mineral particles ce-
mented together with different physical and thermal
characteristics. It is obvious that even with uniform
temperature fields, there are always volumetric temper-
ature stresses inside rock layers. Temperature stresses
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are caused not only by temperature, but also by heter-
ogeneity of structural components and anisotropy of
their thermal expansion and other properties at the
joints of grains or blocks of grains that make up the
micro- and macrovolumes of the body. In particular,
temperature stresses can affect the stress-strain state of
the massif when drilling ductile rocks, which must be
taken into account [13].

With a certain heterogeneity of plastic rocks under
the action of a uniform temperature field, temperature
stresses will arise due to the difference in physical and
thermal characteristics of non-homogeneous materials.
Such local thermal stresses affect the destruction of
rocks during drilling with an increase in the depth of
the well [12].
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Figure 3 — The model of the development
of pressure on a column of casing pipes in
an inelastically deformed loosened compacted
near-stem rock massif [14]

The model of the development of pressure on a column
of inelastically deformed rock mass (salt, clay) loosened
around the well is shown in Fig. 3. In fig. 3. to — t; — time
period from the end of the column descent to the level
of solidification of the plugging material in the annular
space in the interval of fluid rocks; t; — t, — the time
during which the loosened volume of the rock is com-
pressed to the volume with the initial density before the
formation is opened; t, is the moment of time when the
pressure on the column reaches oc of the temporary re-
sistance to uniaxial compression of the rock; t, — t3 —
time of change of mountain pressure from c. to geo-
static pressure P,.

The task of predicting column pressures is to determine
the rock pressure at any point in time. Pressure, time and its
changes remain unknown. But the experimental depend-
ences of the temporary resistance to uniaxial compression
on the strain rate ov = f(v) on the density are known ¢ =f(p)
and density from the rate of deformation p = f(v) for salt
rocks. The physical mechanism of the processes and varia-
ble power capabilities of the rock in the zone of reduced
stresses is important. Stresses arise due to the pressure be-
hind the zone of reduced pressures.

In the absence of direct instrumental measurements of
column pressure in salt rocks, dynamometric measure-
ments of column pressure in creeping clays were used to
predict the pressure-time relationship. The pressure was de-
termined as the average of 11 pressure sensors.
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Figure 4 — Geostatic pressure - 2.633 MPa,
depth - 142.6 m, average density of overlying
rocks - 1847 kg/m3, test time - 658 days

As a first approximation, the approximating function
can be used to determine the pressure of salt and clay
deposits on fasteners at any moment in time:

P/P.=-5-10°¢+0,0039t+0,0128, 1)

where P; is the pressure at this moment in time, MPa;
R, - geostatic pressure, MPa;
t - time, days [Fig. 4].

Conclusions

During the conducted research, it was found that the
opening of the plastic layer of the well is accompanied
by a decrease in pressure in the layer. At the same time,
the intensity of the pressure drop decreases from the
well. When a plastic layer is opened by a well, a pres-
sure inversion is observed at a distance from the well.
After sealing the well, the pressure in the massif of the
plastic layer increases in the near-well zone and de-
creases in the peripheral zone and eventually equalizes
over the entire area. Pressure changes in a plastic rock
have an impulse character. Thermal stresses, which are
called residual, affect the destruction of rocks during
drilling with an increase in the depth of the well.

When developing the methodology, the results of
own experimental research, geophysical research in
wells, instrumental measurements of pressure develop-
ment over time on fasteners in mine construction and
literary sources were used.

The methodology needs clarification, which consists
in the need for direct instrumental measurements of the
pressure of salt rocks on the column. It is also neces-
sary to specify the measurements of the density of salts
in the well, for example, using "gamma-gamma"
logging. It is also necessary to carry out laboratory
experiments on finding compression curves at low
pressures. This will make it possible to specify the time
3.
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