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DEVELOPMENT OF PROMISING TECHNOLOGICAL SOLUTIONS
IN THE CONSTRUCTION WELLS

Purpose. Setting the parameters of drilling, flushing and cementing cycles of wells constructed in sedimentary
rocks that are subject to integrity violations, absorption of drilling fluid and stuck drill pipes, as well as the develop-
ment, based on these parameters, of effective methods for eliminating well complications.

Methodology. The geological structure of the deposits was studied taking into account geophysical and well stud-
ies. Conclusions regarding the complexity of the geological conditions in the well are based on statistical information.
The technical and technological parameters of the devices for eliminating complications and cleaning the well were
studied on a stand equipped with a ZIF-650M drilling rig, NB-4 and NB-32 pumps, pressure gauges, a flow meter, a
tachometer, and a coordinate controller. Studies of the properties of washing liquids were carried out on the basis of
standardized methods and instruments. Mathematical and physical modeling was used with results processed in
MATHCAD and EXCEL.

Findings. The process of well construction was studied using the example of fields in the Dnipro-Donetsk depres-
sion. It has been proven that high quality of drilling, flushing and casing works will allow for efficient hydrocarbon
production. Issues of technical and technological support for the elimination of stuck wells are considered. The fea-
tures of bottomhole and wellbore flushing with a closed circulation system for drilling fluids have been studied. The
characteristics of the processes of preparing a well for casing are given and regulations for carrying out work on clean-
ing complicated sections of the wellbore are proposed.

Originality. Based on the data on the peculiarities of well construction in the Dnipro-Donetsk Basin, it has been
proven that a rational scheme for field development is based on the need to implement comprehensive programs for
the construction of wells that exclude the occurrence of geological and technical complications.

Practical value. The results presented can serve as the basis for progressive methods for constructing wells that are

located in clayey strata prone to the occurrence of sticking and cavities.
Keywords: well, flushing fluid, stuck drill pipes, rock, fastening

Introduction. A well construction process relates to
several areas of the mining industry, i.e. the extraction
of solid, liquid, and gaseous minerals. The main com-
ponents of a well drilling process include rock mass dis-
integration in the space limited by the contour of influ-
ence of the applied rock-breaking device and the bot-
tomhole surface of the specified working. According to
the rock mass properties, a method for its breaking im-
pact is selected, i.e. a drilling method (most often, it is
the mechanical one).

The selected drilling method (i.e. mechanical) is im-
plemented with the formed circulation of a cleaning agent,
which performs highly complex functions. That is why the
technological properties of a cleaning agent are subject to
quite strict restrictive requirements, including the ones
from the viewpoint of environmental science. Their imple-
mentation will ensure the avoidance of complications and
accidents in the wellbore under construction as well as
contribute to the achievement of competitive technical
and economic indicators for the extracted products.
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Well lining is an indispensable process of the well
construction cycle. It is performed mainly with metal
casing pipes and the subsequent filling of the annular
space with a special cementing solution. However, the
effectiveness of the mentioned process will be deter-
mined mostly by the quality and perfection of the prepa-
ratory operations in the wellbore, preceding the casing
string running, and physical and chemical properties of
the cementing materials and solutions activated by vari-
ous reagents.

Literature review. Currently, a problem of obtaining
hydrocarbon raw materials (oil and natural gas) is com-
pletely connected with the need to construct deeper
wells under complex mining-technical [1] and geologi-
cal [2] conditions or restore the operation of decommis-
sioned and suspended wells [3]. Under these circum-
stances, the reason for steady growth of financial invest-
ments in oil and gas production becomes obvious. Be-
sides, the number of wells completed by the construc-
tion with serious deviations from the normative condi-
tion, which requires complex and capital-intensive re-
pair and restoration operations, increases consistently as
well [4]. Moreover, carrying out the specified type of
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operations also requires a significant number of wells,
whose life does not exceed just a few years of operation.
Certain lagging behind the theory and practice of drill-
ing from the modern needs of the relevant industry
along with the increasing rate of complication of well
construction tasks are the influential factors of the
abovementioned facts [5]. The listed problematic issues
have a certain relationship to the processes of explora-
tion and exploitation of deposits of other minerals.
These minerals, for example, include the class of so-
called solid minerals (coal, iron ore, building materials).

Unsolved aspects of the problem. It should be pointed
out that the nominal well diameter, corresponding to
the diametric overall size of the rock-break zing tool
(i.e. a bit) [6] can be preserved only in the stable rock
[7]. Plastic salts and clay rocks are peculiar for the nar-
rowing wellbore; it can also be observed in highly per-
meable rocks — sandstones, when a thick and loose clay
crust is formed on their surface as a result of a drilling
fluid filtration process [8]. The wellbore deepening fac-
tors we have indicated almost always precede the occur-
rence of stuck drill strings. It should also be emphasized
that well drilling processes in unstable rocks (loose clays,
shales, argillites, loose sandstones, and other weakly
bound rocks) [9] are quite often accompanied by rather
intense cavern formation, sloughing, and rock falls [10].

Basing on the analysis of the geological and techni-
cal conditions for constructing oil and gas wells, it can
be stated convincingly that unhindered movement of
rock-cutting drilling tools at high mechanical speed,
cleaning (washing at various stages of construction) and
lining (cementing) are among the most influential op-
erations of a well construction cycle [11].

The occurrence of a complication in the form of
stuck drill pipes must be classified as a difficult phenom-
enon from the standpoint of the possibility of elimina-
tion. Such complications can lead to accidents with seri-
ous consequences. In these circumstances, devices (hy-
draulic hammers) for creating dynamic loads for tools
stuck in the well show significant effectiveness. Such
hydraulic machines generate oscillatory pulses. The
transmission of such impulses quite often contributes to
the release of the drilling tool within a relatively short
time without unnecessary technological operations.

In the modern practice of constructing various-pur-
pose wells, drill fluids (based on technical water) have
become widespread [12] in the form of dispersed sys-
tems with dispersed phases of different physical and
chemical properties (in most cases, clays of certain min-
eralogical groups) and with the added reagents of a
wide-range nomenclature (e.g. some surface-active sub-
stances). Moreover, in some geological and technical
conditions and for a certain type of wells, polymer,
emulsion, aerated solutions, and aqueous solutions of
surface-active substances as well as foams and com-
pressed air have proven themselves positively — here it is
appropriate to talk about drilling with blowing.

Our analysis of literature along with the available
production experience allows us to conclude the follow-
ing: for now, the flushing fluid parameters are selected in
accordance with the functions they perform. The most
important ones are as follows: formation of back pres-
sure on the well walls complicated by geological phe-
nomena, well cleaning to remove rock-breaking prod-

ucts (sludge particles) to the surface, cooling of the op-
erating rock-breaking tool, and acting as a hydraulic
energy source [13]. It is logical that flushing liquids have
technological properties related to density and rheologi-
cal, sedimentation, and filtration indicators. The well
construction practice has confirmed repeatedly that the
density of the applied drilling fluid, being adequate to
the existing interval well formation pressures as well as to
the pressures of hydraulic fracturing, helps avoid possi-
ble complications (fluid manifestations, absorption,
blow-ups, and gushing) and rational conditions for rock
breaking at the bottomhole [14].

Much attention is paid to the use of complex treat-
ment for washing fluids to obtain the properties that help
exclude possibility of their negative physical and chemi-
cal interaction with rocks, which may result in slough-
ing, rock falls, shaft narrowing, cavern formation, stick-
ing etc. [15].

In terms of currently introduced requirements for
ensuring the wellbore construction quality, in a certain
interval, the lining and cementing operations are carried
out. The operations are preceded by determining the
shaft curvature and well azimuth; the wellbore cross-
section size and shape are also recorded by a section
gage log or a caliper log [16]. Certain preparatory opera-
tions are carried out in the wellbore; their purpose is to
eliminate unreliable placement and hardening of the ce-
ment mortar. Recently, there has been a steady trend of
intensifying analysis of the issues of technical and tech-
nological support of this type of work as well as the de-
velopment of rational formulations and materials for
special well process fluids [17].

High quality of the indicated operations must be
confirmed by final technological (pressing the casing
string for tightness) and geophysical studies (acoustic
control, gamma-gamma control of cementation etc.).

Thus, we have proven convincingly and argumenta-
tively that the most important stages of a well construc-
tion cycle include rock mass breaking with simultaneous
washing of the formed wellbore and its following lining.
The specified work must be carried out to prevent the
occurrence of well complications and accompanying ac-
cidents [18]. The resulting quality of the specified opera-
tions will make it possible to create a rational system of
the hydrocarbon (and others) field development in full
compliance with the requirements regarding the need to
reduce the well construction terms and financial costs.

Methods. Geological factors of the structure of hy-
drocarbon deposits were studied on the basis of geo-
physical and direct well survey data [19]. Conclusions
about the consequences of the presence of complex geo-
logical conditions in the well are made based on the
available production statistical information [20]. Impact
mechanisms, considered as devices for eliminating
sticking in a well, are original developments of the au-
thors. The technical and technological parameters of
the devices already mentioned, as well as devices for
cleaning the wellbore during cementing, were studied
on a special stand equipped with a ZIF-650M drilling
rig, NB-4 and NB-32 drilling pumps, pressure gauges, a
flow meter, a tachometer, and a coordinate meter. To
study the technological properties of drilling fluids, uni-
fied methods and devices were used [21]: the density was
determined using VRP-1 lever scales, the conditional
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viscosity was determined using a VBR-1 viscometer, the
filtration rate was determined using a VM-6 device; the
static shear stress of the drilling fluid was measured us-
ing a VSN-3 rotational viscometer, the friction coeffi-
cient for the filter cake was determined using a KTK-2
device; the concentration of foreign solid impurities was
determined using an OM-2 device. To determine the
concentration of Ca and Mg ions, a complexometric
method was used, which is based on the ability of
“Trilon B” to extract calcium from its soluble colored
complex with murexide, as a result of which the pink
color of the solution changes to purple. The basis for de-
termining the concentration of colloidal particles is an
express method for determining bentonite based on the
adsorption value of “methylene blue” [22]. The study of
the features of the flushing process during various well
operations was carried out using modern methods of ex-
perimental laboratory and industrial research [23]. In
addition to the above, methods of mathematical and
physical modeling were used, as well as methods for
processing and interpreting research results in the Solid-
Works, MATHCAD, EXCEL environment.

Results and discussion. It should be noted that the
Dnipro-Donetsk depression, as the main region of hy-
drocarbon production in our country, is an internal
platform structure of the avlacogenic type. From the
viewpoint of stratigraphic science [24], the depression
consists of Devonian, Carboniferous, Permian, Trias-
sic, Jurassic, Cretaceous, Tertiary, and Quaternary de-
posits. According to the definitions of lithological sci-

ence [25], a section of the depression is represented
mainly by terrigenous deposits, i.e. fragmental rocks and
their classic representatives — clayey differences. Salt-
bearing strata also experienced their development in the
geological section of the depression. Typical strati-
graphic and lithological characteristics of the geological
section of the Dnipro-Donetsk depression as well as the
conditions for well construction are shown in Table 1.

According to the represented data (Table 1), the fol-
lowing conclusions can be drawn. A process of well
drilling in terms of Dnipro-Donets depressions is char-
acterized by significant difficulties associated with dis-
turbed wellbore, drilling fluid absorption, cavern forma-
tions, sticking of drill pipes etc., which requires the use
of special washing liquids with adequate physical and
chemical properties, and technical and technological
methods to eliminate the consequences of the specified
complications [26]. To eliminate sticking of the drill
string in a well under construction, the method for in-
ducing shock-oscillatory movements has proven itself to
be quite effective. The indicated movements in the stuck
tool are generated using special impact mechanisms of
various modifications. Such mechanisms can be me-
chanical or hydraulic. According to the specified fea-
tures of well construction, the authors of the work de-
veloped and proposed for use a series of downhole de-
vices. These devices are designed, in addition to drilling
wells, to create shock pulses in a stuck drill string.
A schematic representation of the design and operating
principle of these devices is shown in Fig. 1.

Table 1

Stratigraphy, lithology, and drilling conditions for a typical hydrocarbon deposit of the Dnipro-Donetsk depression

System Index Typical representatives Possible complications while well drilling
O+N+P Kz | Clays, marls Rock sloughing, rock falls, shaft narrowing,
drilling fluid absorption, sticking
Cretaceous K, | Clays, marls, sands, chalk Disturbed wellbore integrity (sloughing
K, Sands, slightly cemented sandstones, argillite-like clays atr‘ldkr'ock falls), drilling fluid absorption,
sticking
Jurassic J3 Argillite-like clays, slightly cemented sandstones,
clay-like argillites, limestone
A Slightly cemented sandstones, clay-like argillites
Triassic T, | Clay-like argillites with separate (up to 5—6 m) layers of
slightly cemented clayey sandstone, slightly cemented
sandstones (clay in places), limestones
T, Aleurolites, clayey sandstones, sandstones
Permian P, | Clayey sandstones, in some places aleurolites, argillites Rock sloughing and falls, trough

P, Clayey sandstones, argillites (with individual layers up to
5—7 m of clayey sandstone), sandstones

formations, cavern formations, drilling
fluid absorption

Carboniferous | C;

Clayey sandstones (with layers of up to 4—5 m of argillites,
sandstones, aleurolites, argillite aleurolites, argillites

Disturbed wellbore integrity, drilling fluid
absorption, fluid manifestations

sandstones), argillites

C,,, | Sandstones, clayey sandstones, aleurolite argillite,
argillites (with up to 3 m layers of aleurolites and clayey

C,, | Aleurolites, argillites, aleurolites with argillite layers,
clayey sandstones, limestones, sandstones

C,, | Aleurolites, layering (from 1 to 3 m) of aleurolites,

sandstones, and argillites, clayey sandstones, sandstones

in

Argillite aleurolites, sandy aleurolites, clayey sandstones,
argillites, dense sandstones, aleurolites
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Fig. 1. The procedure for installing a downhole impact
machine:
1 — impact machine; 2 — mud pumps; 3 — piston; 4 — com-
pensator; 5 — plunger; 6 — crank mechanism; 7 — drive
shaft; § — working chamber; 9 — rod; 10 — discharge line;
11 — striker; 12 — anvil; 13 — drill pipe; 14 — drill bit

A peculiar feature of the device for generating shock
(or vibration) loads shown in Fig. 1 is its specific operat-
ing principle. This principle lies in the need to create a
pulsed supply of working fluid for the impact machine /.
It is this mode that will ensure stability and adjustability
of the operating parameters of the hydraulic hammer.
The implementation of pulse feed makes it possible to
significantly simplify the design of the impact mecha-
nism and eliminate wear parts from it. Also, such a
mechanism is less susceptible to the wide range of phys-
ical properties of circulating fluids.

Pulse circulation of the flushing fluid can be achieved
through fairly simple technical techniques for modern-
izing mud pumps 2 [27]. Such an upgrade consists of
disconnecting one piston 3 (with stroke length x) of a
double-acting disc piston pump, with parallel insulation
of the compensator 4, on discharge line /0 (to enhance
the pulsation mode, one suction and discharge valve can
be taken out of operation), or disconnecting one (if nec-
essary, two) plungers 5 (also with stroke length x) of a
rocker piston pump. The specified technical transfor-
mations, for drive pumps with a crank mechanism 6,
make it possible to obtain systematic intermittent supply
with strictly defined time intervals, the value of which is
determined by the rotational speed of the drive shaft 7
located in the pump housing [23]. Here it should be
noted that the speed u of the stroke of the piston 3 (con-
nected to the rod 9) or the plunger 5 of the pump is the
first derivative of the path x with respect to time

dx . do .
u i rsing i rosing, 1)
provided that the stroke length of the piston or plunger
will be

x=r(1-cosp), 2)

where r is the radius of the crank; o is the angle of rota-
tion of the crank; o is the angular speed of rotation of
the crank.

Taking ¢ = 0° for a piston or plunger for its extreme
left position, we can state the end of the liquid injection
cycle in the rodless working chamber 8 of a piston pump,
and the end of the suction cycle in the rod end of the
suction cycle, with # = 0; for a plunger pump, such a
characteristic will also mean the end of the pumping
cycle in the working chamber. At ¢ = 180° the opposite
situation occurs, but # =0, as in the previous case. These
explanations are very important to justify the mode of
movement of the working fluid through the pump. For a
piston pump, pulsating flow is due to several reasons.
This is the unevenness of the pump piston speed u,
which is zero at ¢ = 0°, and reaches its maximum value
at @ = 90° and then drops to zero again. For one full rev-
olution of the crank, the indicated cycle of changing the
speed u occurs twice. Speed pulsations are also caused
by a reduced amount of liquid in the rod working cham-
ber due to the presence of a rod. The reasons mentioned
are also the factors in pressure pulsations in the injected
liquid. For a plunger pump, when the middle plunger is
turned off, uneven flow occurs due to the influence of
the design features of the crank mechanism. To obtain a
completely intermittent flow, two plungers must be
turned off.

The procedure for eliminating stuckness of a drilling
tool (when it is stuck by a filter cake) includes the fol-
lowing. The impact machine /7, on drill pipes 13, is low-
ered into the well to connect with the stuck part of the
drill string 74. When pump 2 is turned on, the striker /7
of the impact machine begins to deliver periodic blows
to the anvil /2, which is rigidly connected to the stuck
part of the column. The resulting vibrations in the drill
string promote the release of free water in the contact
zone between the pipes and the filter cake. This circum-
stance is accompanied by a decrease in the friction coef-
ficient and a violation of the contact of the drill pipes
with the walls of the well. The presence of supply and
pressure pulsations in the flushing fluid flow serves as an
additional source of high-frequency oscillations in a
stuck drilling tool.

An important element of progressive well construc-
tion technology is also the prevention of sticking. Here,
special drilling fluids have proven themselves positively.
For these liquids, the targeted formation of certain
physical and chemical properties is carried out. These
properties include helping to reduce the coefficient of
friction between the walls of the well and the drill pipes,
as well as reducing the stickiness of the filter cake. The
listed characteristics for clayey washing liquids can be
obtained based on their treatment with surfactants
(Fig. 2). However, such treatment naturally affects the
other technological properties of the washing liquids,
which is clearly shown by the studies carried out.

By analyzing the obtained graphical dependencies
(Fig. 2), several important conclusions can be drawn.
Surfactants, although on different scales, contribute to a
change in the viscosity parameter of the clay drilling
fluid. The determining factors here are: the type of sur-
factant used, its concentration, and the presence of oth-
er chemical additives. For an unambiguous understand-
ing of what was formulated, we note that hydromica was
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Fig. 2. Values of funnel viscosity for drilling clay solutions
treated with different surfactants

used as the dispersed phase of the clayey drilling fluid.
The density of this solution was 1,100 kg/m?. The solu-
tion in question was additionally treated with a carbon-
alkaline reagent.

The application of the indicated techniques in prac-
tice will significantly reduce the time and money spent
on constructing wells in difficult conditions. Maintain-
ing the wellbore walls in a stable condition will make it
possible to carry out effective cementing work. This cir-
cumstance is a factor in preserving a long period of
maintenance-free operation for the wellbore. Moreover,
it will be accompanied by high quality indicators for the
resulting hydrocarbons.

Detailed industrial and laboratory studies have prov-
en the following. The productivity of widely used me-
chanical methods for drilling various-purpose wells,
with a closed circulation of various-type flushing fluids
(Fig. 3), depends greatly on the quality of flushing fluids
circulating through the wellbore and their technological
parameters (density as well as rheological, thixotropic,
and filtration parameters). The parameters are deter-
mined mainly by the flushing liquid composition. In the
process of well drilling, a flushing fluid is saturated with
particles of the drilled-out rock (slurry); as a result, its
rheological and structural-mechanical indicators in-
crease [28].

The intensity of growth rate of the rheological and
structural-mechanical indicators [29] of the applied
flushing fluid depends on the following: volume of the
drilled-out rock particles, their fractional composition,
and colloidal-chemical activity [23]; cleaning degree of
the washing liquid; nature of chemical processing and
properties of the applied chemical reagents [30]. Other
physicochemical factors also have certain influence. In
accordance with the above, rational control of the flush-
ing fluid properties is, first of all, effective regulation of
the solid phase content in the fluid as well as quantitative
and qualitative composition of chemical reagents [31].

The amount of solid phase in the washing liquid af-
fects significantly the service life and reliability of the
elements in the circulation system [32], its hydrodynam-
ic characteristics. Correlation of the specified parameter
with the values of the mechanical velocity of drilling and
stability term of rock-breaking tools (drill bits, crowns)
is also rather noticeable. According to the data of the
leading USA researchers, even 1 % reduction of the sol-
id phase content in a drill fluid improves well perfor-
mance on average by 7—10 %. Some industrial-labora-
tory studies have also shown that when the solid phase
content in a washing liquid is reduced by 42—33 %, the
bit life can increase potentially by about two times, and
the mechanical velocity can increase as well. When dia-
mond tool is used, the development of flushing fluid for-
mulations should provide the need to reduce the solid
phase content (up to the complete exclusion) in a flush-
ing fluid (in case of technological possibility and effec-
tiveness of such a procedure). For example, in order to
achieve the best technical and economic indicators of
core diamond drilling and drilling with the help of sys-
tems with removable core receivers, it is suggested to use
flushing fluids with a low solid phase content (from 3 to
7 %). Such solutions can also be widely recommended
for drilling wells for oil and gas (Table 2).

Flushing fluids indicated in Table 2 in practice (for
deep oil and gas drilling conditions) ensure normal pas-
sage of clayey rock layers. For such flushing fluids, the
circulation regime is maintained without affecting the
integrity of the wellbore and the accumulation of cut-
tings at its bottom.

|
|

Drilling site

—

Sump

Primary
cleaning

Drill string

‘Wellbore

Sludge removal

Extraction

Bioremediation

Selective impact

Flocculation

Dilution

Secondary
cleaning

Other methods

Fig. 3. Example of a schematic representation of the closed flushing fluid circulation within the drilling site
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Table 2

Technological properties of drilling fluids for a typical hydrocarbon deposit of the Dnipro-Donetsk depression

Type .ofa Density p, | Viscosity 7, | Hydrogen | Static shear stress SSS ®,/0,, | Filtration V, Thickness of | Cake frllctlon
drilling kg/m? s indexpH | (per I min/per 10 min), dPa | cm?/30 min | 2 filter cake K, | - coefficient
flush fluid & pr e p : mm CFC
Humate- 1.14 25 8.5 17/39 5.5 0.5 0.048
natrium
Polymer- 1.10 28 9.5 31/59 5 0.5 0.052
potassium

The potential effectiveness of low-solid flushing flu-
ids increases sharply with the decreasing concentration
of solids, and disappears almost completely if the solid
content exceeds 7 %. It is because of the fact that in re-
cent years, for certain drilling conditions, so-called low-
clay and polymeric flushing fluids with a solid phase
content in the initial solution of no more than 6 % have
been developed and implemented in the well construc-
tion practice. However, use of such flushing fluids turned
out to be not as effective as expected, which is dictated
by the rapid enrichment of the flushing fluid with the
drilled-out rock particles. Due to the mentioned cir-
cumstances, it is easy to see that wide implementation of
modern composite formulations of flushing fluids into
the well construction practice will be effective only when
the problem of regulating the number of drilled-out rock
particles in them during cleaning and regeneration of
circulation systems will be solved. Thus, we emphasize
that cleaning of a washing fluid from sludge is an impor-

tant measure that makes it possible to increase signifi-
cantly the main technical and economic indicators of
drilling various wells [33].

The systems currently used in drilling to clean flush-
ing fluids from sludge do not always meet the above-
mentioned requirements. Thus, there is a logical task of
developing a method for cleaning washing liquids, which
ensures reliable regulation of the solid phase amount in
these liquids [26].

In recent years, in connection with the increasing
average depth of the constructed wells and worsening
drilling conditions, higher requirements have been
placed on the flushing fluids, i.e. regarding flotation, in-
hibition, and lubrication properties. For these condi-
tions, flushing fluids that partially meet the specified
requirements were partially developed and successfully
implemented (Table 3).

Analysis of the data given in Table 3 allows us to con-
clude that the drilling fluids proposed for use are of fair-

Table 3

Results of the analysis of technological properties of a drill fluid from a well for a typical hydrocarbon deposit
of the Dnipro-Donetsk depression

No. Parameters of a drill flushing fluid Design values | Measured index values

1 | Density, kg/m? 1,140 1,165

2 | Relative viscosity, s 25-70 48

3 | Static shear stress SSS per 1 min and per 10 min, dPa (SSS-2) 30—-50/50—-90 14/29
4 | Static shear stress SSS (GEL) (in 10 s/1 min/10 min), dPa (Ofite 800) at 20 °C - 10/19/67
5 | Filtration index per 30 min, cm? 6—7 3

6 | Filtration index AHI per 30 min, cm? — 3.2

7 | Cake friction coefficient, mm 1.0 “film”
8 | Cake friction coefficient - 0.0549
9 | Hydrogen index of a solution, pH 8.0—10.0 11.4
10 | General mineralization, % - 6.49
11 | Concentration of potassium ions, mg/1 — 350

12 | Concentration of magnesium ions, mg/I - 122

13 | Colloidal phase content, % 1.9-2.4 1.65
14 | Concentration of CO;3? carbonates, mg/1 - 480

15 | Concentration of HCOj3 bicarbonates, mg/1 - 2,318
16 | Content of a hydrocarbon phase, % — 7

17 | Solid phase content, % 14 11

18 | Sand content, % 1.0 0.8

19 | Potassium chloride content, % 3.0-4.5 5.5
20 | Plastic viscosity (¢ °C 20/40/60), mPa - s — 27/19/16
21 | Dynamic shear stress (¢ °C 20/40/60), dPa — 91/82/53
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ly high quality. Such fluids create conditions in the well
to eliminate losses, prevent rock falls, swelling of the
well walls, and also reduce power consumption for rotat-
ing the drill string.

Further expansion of the area of effective use and in-
crease in the volumes of industrial application of new
flushing fluids in drilling various-purpose wells is re-
strained due to the lack of reliable methods and means
for cleaning the defined dispersed systems from sludge.
Therefore, the main goal of further research is the devel-
opment of methods for cleaning and chemical treatment
of flushing fluids to increase technical and economic in-
dicators of well drilling.

Cleaning in chutes and sumps (separation of dis-
persed systems in the gravity field) is the most wide-
spread method in the practice of drilling various-pur-
pose wells [8]. In this context, a cleaning process pro-
ceeds better, the larger the size and density of the sepa-
rating particles are, and the lower the viscosity of a
washing liquid is. At the same time, the intensity of
sludge deposition is influenced by other factors, such as
concentration of solid particles, coagulation etc. Our in-
depth research along with the studies by other authors
testifies to a very unstable operation of cleaning devices,
chuting systems, and sedimentation tanks.

A process of removing solid particles from a washing
liquid can be accelerated significantly if the latter is
strengthened by the application of a field of centrifugal
forces. To do that, when drilling wells for oil and gas,
hydrocyclones and centrifuges are used, which centrifu-
gal acceleration is hundreds of times greater than the
Earth’s gravity one. This allows, with high cleaning per-
formance, to ensure the removal of very small particles
with sizes of 5 um and more. As a result, this cleaning
method is classified as a fine cleaning of washing fluids
from the solid phase. Washing fluid cleaning in such
mechanical devices as vibrating screens provides effec-
tive cleaning only of large particles with a size of 0.2 mm
and larger. However, as our research has shown, when
drilling wells with diamond-hard alloy tools, fine-dis-
persed sludge of two particle size classes is mainly
formed, being 80—100 and 1—10 um. Accumulation of
such thin sludge in a washing liquid leads to an increase
in both density and viscosity. To remove this sludge
from a washing liquid and restore its properties, the
methods discussed above are unsuitable or insufficiently
effective. Therefore, we analyzed such non-traditional
cleaning methods in drilling as filtering, treatment of the
solution in a constant electric field, and precipitation of
particles due to the introduction of flocculent reagents
into the washing liquid. A distinctive feature of these
methods is that they help clean a washing liquid to re-
move even a colloidal-size solid particles.

To achieve the required cleaning indicators of wash-
ing liquids, it is necessary to solve a number of problems
formulated by following general definitions. The solid
phase content in the flushing fluids when drilling wells
within the areas with different degrees of rock metamor-
phism differs significantly. A fractional composition of
the solid phase is different when drilling wells in differ-
ent conditions. For effective rationalization of cleaning
systems and regeneration of washing liquids, it is neces-
sary to have comprehensive information about the
cleaning capacity of the used chuting systems and

sumps. From the viewpoint of their cleaning capacity,
the requirements for cleaning devices of drilling rigs
should be clearly formulated. Electrochemical cleaning
methods are promising as for removing finely dispersed
solid phase from drilling fluids; according to their es-
sence, specialized cleaning installations should be of-
fered, and appropriate formulations of washing liquids
should be developed [21].

Here it is important to highlight the ecological as-
pects of the implementation of the hydraulic programme
for well flushing. Regardless of the availability of a flush-
ing-fluid cleaning system at the drilling site, formation
of significant volumes of broken rock sludge, substan-
dard flushing fluids (they are saturated with the colloi-
dal-size clay particles that cannot be separated by con-
ventional cleaning agents), drilling wastewater etc. will
be completely natural.

To isolate colloidal clay from the drill washing fluids,
it is necessary to use special chemical reagents — coagu-
lants and flocculants, which are harmless to the environ-
ment and allow effective separation of the used cleaning
agents into technical water and sludge. Moreover, all the
resulting sludge must be properly disposed of in compli-
ance with the requirements for its conversion to an inert
state (by mixing the sludge with powdered absorbents
and obtaining mineral soil).

The process of cavern formation and subsequent
sludge accumulation in the complicated intervals is one
of the most difficult types of complications during well
construction. It affects fundamentally not only the im-
plementation of drilling operations but also the duration
of its maintenance-free service.

When constructing oil and gas wells in clayey layers,
it is necessary to provide a set of measures that ensures
prevention of intensive cavern formation. When mixing
the cementing solution with clay-sludge pastes, there is
a sharp drop in the performance indicators of the ce-
ment stone in the annular space of a well. That may re-
sult in different accidents and its loss. Therefore, the
search for ways to eliminate the mentioned shortcom-
ings of existing technologies is a necessary component
of a set of measures to increase the reliability of drilling
operations. Our research makes it possible to assess the
technological features of a well construction cycle at a
qualitatively new level from the standpoint of ensuring
the exclusion of the negative impact of cavern formation
and the processes that accompany it on the quality indi-
cators of drilling operations.

By the detailed laboratory and theoretical studies,
the authors of the article established the regularities of
the formation of clay-sludge accumulations and their
influence on the condition of the cementing solution
and the stone formed by them. According to the content
of the received data and at the level of inventions, a de-
sign of devices for interval treatment of the wellbore
constructed in the complicated geological and technical
conditions is proposed (Fig. 4).

The device we studied (Fig. 4) includes the following
[34]: cylindrical body I and elastic mechanisms 2 with
blades 4. Two diametrically opposite grooves 3 are made
in the outer surface of the walls of the cylindrical body
for placing the corresponding elastic mechanisms with
blades. The upper ends of the elastic mechanisms are
connected to springs 5, designed to open and close the
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Fig. 4. Schematic of an experimental sample of a well-
bore processing device:

1 — cylindrical body; 2 — elastic mechanisms; 3 — grooves;
4 — blades; 5 — spring; 6 — locking element

considered mechanisms relative to the device body. Two
sliders are placed in locking element 6, connected rig-
idly to the lower ends of the elastic mechanisms, which
are capable of moving along the inner wall of the corre-
sponding groove.

The research results were determination of the hy-
drodynamic characteristics of the model of the interval
cleaning device — the speed parameters of active flow
(formed due to the operation of a blade organ of the de-
vice) and recording of the features of a sludge removal
mechanism (Table 4).

While analyzing the received data, the following can
be stated. When processing a wellbore complicated by
cavernous expansions, reliable removal of sludge accu-
mulations is ensured. In particular, we can observe an
increase of 30—40 % in the percentage of C; in the up-
ward washing liquid flow and an increase of 15—20 % in

density p and viscosity 7. Stability of the mode of sludge
accumulation removal from cavernous intervals (ex-
pressed in the fact that the controlled indicators of the
upward flow of washing liquid C,, p, and 7 reach their
maximum values) is provided at the rotation frequency
of the interval cleaning device n = 100—200 min~'. The
inclusion of devices for cleaning the wellbore into the
drill string will significantly improve the quality of filling
the wellbore with cement mortar. In practice, this will
make it possible to avoid the occurrence of interlayer
migrations of fluids, a decrease in the technological
properties of cement stone, and active corrosion de-
struction of metal casing pipes. Thus, we have substanti-
ated the technological parameters of the device for pro-
cessing a cavernous zone of the well, basing on the es-
tablished dependencies of the formation and removal of
clay-sludge accumulations, and their influence on the
results of well cementing. In addition, the basic princi-
ples of the formation of active jets when flowing around
the blade element of the device and the nature of their
influence on the objects of processing have been identi-
fied. Specific recommendations have been also provided
for the design of well drilling modes that reduce signifi-
cantly the intensity of sludge accumulation in cavernous
intervals. Among other things, it has been proven objec-
tively that a reliability indicator of the device for well-
bore processing is the observance of certain geometric
ratios in its design, which correspond to a stable mode of
removal of cavernous accumulations. The obtained re-
sults of theoretical and laboratory studies are an integral
part of the effective technology of wellbore lining and
cementing with high technical and economic indicators.
Data from the study of sludge accumulation in caverns
are basic for the development of rational mode param-
eters of a well drilling process.

Despite the availability of a natural negative impact
on the natural environment during well development of
deposits, i. e. soil cover disturbance due to land mineral-
ization, vegetation removal over large areas, disturbance
of a hydrological regime of the territories etc., works on

Table 4
Results of studying the interval cleaning device operation
) ) Technological properties of a flushing liquid
Schematic of the bottomhole Velocity Ofth‘{ upwa¥d Rotapon f.requencjy of at the outlet from the circulation system
assembly of a tool string ﬂpw of a flushing fluid | the drill strl‘n%/dewce n, Deonsit Viscosity 7| Studee content C.

in the wellbore, m/s min y P, y 4, 8 g
kg/m? s %
Drill pipes with a bit 0.8 140 1,050 20 0.5
225 1,050 20 0.6
1.0 140 1,050 21 0.5
225 1,050 22 0.6
1.2 140 1,060 22 0.7
225 1,060 22 0.7
Drill pipes with a bit and an 0.8 140 1,230 25 1.4
interval cleaning device 225 1,210 26 16
1.0 140 1,190 25 1.3
225 1,200 25 1.2
1.2 140 1,180 24 1.0
225 1,190 24 1.1
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the hydrocarbon deposit development must be contin-
ued. However, the operations should be accompanied
by the development and application of technological
measures adequate to the existing conditions to prevent
large-scale impact of the considered operations on the
environment and localization of such an impact within
small areas.

Therefore, the authors of the paper have carried out
analytical, laboratory, and partially industrial studies of
the main factors (i. e. rationalization of a hydraulic pro-
gramme of the washing liquid circulation and cleaning;
processes of lining and cementing of wells constructed
on hydrocarbon deposits). That has made it possible to
propose innovative technical and technological meth-
ods and techniques for improving quality indicators of
the specified operations of the cycle of obtaining prod-
ucts in such specific mine workings as wells.

Conclusions. According to the obtained results of the
considered studies, the following can be noted. In order
to describe the properties of the drilled-out rock, carry
out sludge analysis, control the drilling parameters,
control the solid phase content in the drilling fluid, and
preserve the environmental balance, it is necessary to
involve geological and technological research in a well.
The developed impact devices can be successfully used
when performing operations to eliminate complications
in the form of stuck drilling tools. Moreover, the opera-
tion of such devices is adjusted using surface mud
pumps. It has been shown that by introducing surfac-
tants into the flushing fluids, it is possible to avoid the
appearance of drill pipes sticking to the walls of the well.
The latter circumstance helps prevent sticking. Being
used in the complex mining and geological conditions,
drilling fluids contain active sludge, which contributes
to the increase in viscosity and static shear stress of these
fluids; moreover, the sludge can become a soil and
groundwater pollutant. The reliability of operations in a
well, as a channel intended for exploration or environ-
mentally safe development of mineral deposits, is deter-
mined almost entirely by the quality of the work on
washing, lining, and cementing in its shaft. The mea-
sures related to the processing of a wellbore, i.e. its cav-
ernous intervals (in the more general case of local ex-
pansions) — objects of intensive sludge accumulation
with all the following consequences make up a particu-
larly significant stage in the cycle of these operations.
The above applies equally to oil and gas, hydrogeologi-
cal and geotechnological wells, which is often not given
due attention. Consequently, the search for ways to im-
prove the scheme of preparatory operations is a very rel-
evant and promising trend.
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Meta. BcTtaHoBIeHHSI mapaMeTpiB LUKIIB OypiH-
HSI, TIPOMMBAHHS Ta KPiIlJICHHS] CBEPIUIOBUH, CIIOPY-
MDKYBAaHUX B OCAIOBUX ITOpOAAX, IO CXUJIBHI JO IIO-
pYILIEHb LUTICHOCTI CBEPIUIOBUHU, MOTJUHAHb TPO-
MUBAJIbHOI PiIMHU Ta TPUXBATiB OypUILHUX TPYO, a Ta-
KOX po3poOKa Ha 0a3i BKazaHUX MapameTpiB edek-
TUBHMX MPUIOMIB JiKBifalil cBEpATOBUHHUX YCKJIal-
HEHb.

Metomuka. ['eosoriuHa 6yaoBa poJoBMILL BUBUYaJia-
Csl 3 ypaxyBaHHSIM pe3yJIbTaTiB Teo(i3nIHUX i MPSIMUX
CBEPIJIOBUHHUX OOCTiIKeHb. BUCHOBKY 111010 CKJIaI-
HOCTIi Ire0JIOriYHUX YMOB Y CBEpIJIOBMHI 0a3ylOThCsI HA
CTAaTUCTUYHIN iH(popmaliii. TexHiuyHi ¥ TeXHOJOTIUHi
napaMeTpu IIPUCTPOIB JIsT JIKBifalii yCKJIagHEHb
1 OYMIIIEHHS CBEPUIOBMHY BUBYAIMCH HA CTCHII, OCHA-
meHoMmy OypoBuM BepctatoM 31M-650M, Hacocamu
Hb-4 i Hb-32, maHOMeTpamMu, BUTPATOMipOM, Taxo-
METPOM, KOOPAMHATHUKOM. 7151 JOCTIIKEHHST TEXHO-

JIOTIYHUX BJIACTUBOCTEN TTPOMMBAJIBLHUX PiIWH 3aCTO-
COBYBaIMCS YHi(hiKOBaHi METONMKM I mpwiaau. Takox
3aCTOCOBYBAJIOCh MaTeMaTWyHe i (i3nuuHe MOojelio-
BaHHSI 3 00POOKOIO pe3yabTaTiB AOCHiIKEHb Y cepeno-
Buili MATHCAD i EXCEL.

Pe3ynbTat. BUKOHaHO KOMITJIEKCHE MOCTiIKEHHS
CKJIalOBUX IMPOLECY CIOPYIXKEHHS CBEPAJIOBMH Ha
npukiaai pornosuil JHirmpoBcbko-Jl0HELBKOT 3anaan-
HU. [loBeneHo, 1110 BUKJIIOYHO BUCOKA SIKiCTb POOIT i3
OypiHHSI, MPOMUBAHHSI Ta KPilUIEHHS CBEPIIOBUHU
TTIO3BOJINTH IIPOBOAUTH BUTOOYTOK BYTJICBOIHIB i3 MaK-
CHUMaJbHUMHU SKICHUMH TIOKa3HUKaMHu. B okpemomy
TTOPSIIKY PO3MIITHYTE MUTAHHST TEXHITHOTO I TEXHOJIO-
TYHOTO CYMPOBOIKEHHS POOIT i3 JiKBiAallii cBepaio-
BUHHUX NMpUXBaTiB. BUBYeHi 0cOOIMBOCTI opraHizalii
MPOMUBAHHS BUOOIO Ta CTOBOYPY CBEPIJIOBUHM 3a 3a-
MKHYTOI CUCTEeMU LMPKYJISIii crelialbHuX OypoBUX
MMpoMMBaJIbHUX pinuH. HamaHa xapakTepucTuka mpo-
ecaM MiAroTOBKM CBEPIJIOBUHM 10 KpilJIeHHs i 3a-
IIPOITOHOBAHO PETJIAMEHT IIPOBEACHHSI POOIT 3 OUM-
IIEeHHS YCKIIATHEHUX OUISTHOK CTOBOYpa CBEPIJIOBUHU
Bill ITTMHUCTO-IIIJTAMOBUX T1ACT.

HaykoBa HoBu3Ha. Ha mincraBi maHuXx 1momo oco-
OJIMBOCTEN CHOPYIXKEHHSI CBEPIOBUH B yMoBax [IHi-
MPOBCHKO-JlOHEIBKOI 3amaguHu AOBENEHO, 10 CTBO-
PEHHSI pallioHaJIbHOI CXeMU PO3POOKU POIOBUILL Oa3y-
€ThCSI HAa HEOOXiTHOCTI peaizallii KOMIUIEKCHUX Tpo-
rpaMm i3 OypiHHSI, TPOMMBAHHS Ta KPIiIJICHHST CBEPAJIO-
BUH, SIKi BUKJTIOYAIOTh MOXKJIMBUI MTPOSIB F€0JIOTO-TEX-
HIYHUX YCKJIaTHEHb.

IIpakTuyna 3HayumicTb. HaBeaeHi pesynbraTu Mo-
KYTh CIIyTyBaTH OCHOBOIO IIPOTPECHMBHUX METOINK
CIIOPYIKEHHSI CBEPIJIOBMH, IO PO3TAIIOBYIOTHCS
y INIMHUCTUX TOBIIAX, CXWJIBHUX 1O BUHUKHEHHS TIPH-
XBAaTiB i KaBepH.

KmouoBi cioBa: ceeponosuna, npomusanrvha piouna,
npuxeam OypuabHux mpyo, eipcoka nopooa, KpinieHHs
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