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Abstract: the article considers the design of the bottom-hole assembly (BHA) for the production column of an
inclined directional production and evaluation well in order to successfully drill well Ne 707 at the Western Cheleken
field in the coastal zones of the coastal waters of the Caspian Sea.

Materials of previously drilled wells and standard calculations, as well as safety rules in the oil and gas industry,
were used for the design of the BHA for the purpose of drilling the interval for the production column.

This work can be used to perform the tasks set when drilling directional wells, in the fight against possible
complications in the open hole in conditions of abnormally high reservoir pressures.
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Introduction determined, which must be installed between the
Based on the calculated optimal dimensions of centralizer and the bit or calibrator, if the latter is
the layout of the bottom of the drill strings (BHA), included in the BHA, so that the length of the guide
taking into account the size of the bit, the location of section is equal to the calculated (Lop) optimal value
the centralizers (calibrators) and other technological [1].
elements of the BHA is determined. Figure 1 shows the calculation scheme of the
When drilling by the rotary method, the length BHA.

of the extension adapter (drill collar segment) is

Bit Calibrator Lower centralizer Upper centralizer

Figure 1 — Calculation scheme of the BSC with centralizers
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The length of the extension sub is determined
from the expression: H,=L-H,—-H,-H, )

H,=L-H,-H,-H,, 1)
where Hs is the length of the extension sub, m;

L is the estimated length of the guide section of
the BHA, m;

H: — bit height, m;

H; — length of the over-the-bit calibrator, m;

Ha is the length of the centralizer, m.

When drilling with a downhole motor and using
mobile centralizers, the installation location (the
distance from the end of the shaft spindle translator to
the centralizer) of the lower centralizer on the body of
the downhole motor [2] is determined from the
expression:

L1

where Hs is the distance from the lower end of the
over—the-head shaft of the spindle shaft of the
downhole motor to the centralizer, m;

L is the estimated length of the guide section, m;

H1 — bit height, m;

H> — length of the over-the-bit calibrator, m;

Ha is the length of the centralizer, m.

At the bottom-hole deflector motor, a curved
translator or a curvature mechanism is located
between the spindle section and the working section
(Figure 2).

Figure 2 — Design scheme of the downhole diverter motor

In accordance with the specified radius (R) of the
curvature of the borehole, the required angle (A) of
bending of the curved translator or the curvature
mechanism is calculated according to the formula:

Azarcsin{LlJrLz}B, ©)
2R

where R is the radius of curvature of the borehole, m;
L1, L - the length of the lower and upper sections
of the downhole diverter motor, respectively, m;

D-d
B:arctg{ 2L, }B,

D is the skew angle of the curved translator, deg;
where D, d is the diameter of the borehole and the
body of the downhole diverter motor, respectively, m.

In this case, the following conditions must be
met.

The length of each section must be less than the
length (L) of the rigid link of the BHA, which is
determined from the expression:

4 [[D-d)EJ
S i 4)
L=3 g

where D, d is the diameter of the bit and the section of
the downhole motor, respectively, m;

EJ is the bending stiffness of the downhole motor
section, kKN*m?;

g is the transverse component of the weight of
the unit length of the downhole motor section, KN/m.

Geometric and stiffness characteristics of
downhole motors are given in Table 1.
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Table 1.
Type . - , Bending
of downhole Diameter, Length, Weight, Weight 1 m, stiffness, mes E m
mm m kN/m kN/m 2 q
motor kN* m
Turbo drills
ZTSSH-240 240 23,2 59,80 2,58 24000 21,0
A9GTSH 240 23,3 61,30 2,63 24000 20,9
ZTSSH -195 195 25,7 47,90 1,86 9000 17,5
A7 GTSH 195 25,0 44,30 1,77 9000 17,8
ZTSSH -172 172 26,3 35,30 1,36 6400 16,6
Screw downhole motors
D-195 195 7,7 13,30 1,73 9000 17,7
D-172 172 7,0 10,00 1,26 5000 15,2

The maximum length (Lsp) of a spindle with a
bit, at which its insertion into a curved borehole with
a radius of curvature R is ensured, is determined by
the formula:

L, =24-/R(D-d). ()

The working section of the downhole diverter
motor must also fit into the curved borehole without
deformation, and its length (Ls) must satisfy the ratio:

L, <2,828-/R-(D-d). 6)

Table 2.

Drilling of the directional operational evaluation
well No. 707 on the Western Cheleken field from a
depth of 2119 m was drilled with a set of a zenith angle
of 38 degrees to a depth of 2389 m. From a depth of
2389 m to a design depth of 2765 m (along the hole),
the well was deepened with a stable maintenance of
the zenith angle of 38 degrees [3].

The drilling data of the section for the production
column of 139.7 mm along the barrel interval are
shown in Table 2.

The interval of the barrel diameter

2119 — 2765 (by hole)

215.9 mm

2100m — 2620m (vertical) 501 m

Interval length:

Drilling barrel interval with a screw downhole motor :

2119 — 2765m (along the hole)

The length of the drilling interval with a screw downhole motor:

2100 m — 2620 m (vertical)

For drilling all intervals, the following layout of
the bottom of the drill strings (BHA) is selected. The
zenith angle was set by a rotary controlled system.

The actual position of the borehole in space
during drilling and downhole in the productive
horizon should be determined in accordance with the
requirements of the project by inclinometric
measurements during drilling, including using
downhole telemetry systems [4].

Rotary arrangements are usually designed for
drilling areas of set, drop, or stabilization of the zenith
angle of the well. The behavior of any rotary
arrangement is regulated by changing the diameter
and position of the centralizers within the first 36 m
from the face. Additional centralizers installed above

will have little effect on the characteristics of the
borehole. These layouts require deflection of the
weighted drill pipe between the first and second
centralizers. The deflection leads to the inclination of
the bit, drill pipes and the creation of a lateral force on
the bit directed towards the upper wall of the borehole.
The intensity of the zenith angle set for this
arrangement increases with increasing [5].

BHA for drilling with a diameter of 139.7 mm
under the production column.

For drilling an interval of 2100-2620 m
(vertically) 2119-2765 m (along the hole) of the zenith
angle set, the following BSC was designed.
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Figure 3. BHA for drilling the interval 2119-2389 m (along the hole) in order to stabilize and set the zenith
angle for the production column before the drilling tool is seized.

Diamond bit with a diameter of 215.9 mm; 212.7
mm Rotary controlled system PD675; calibrator with
check valve 212.7 mm; 175 mm Telescope 675 NF;
drill collar 172 mm non-magnetic - 9.42 m; calibrator
with check valve 209 mm; translator with filter 172
mm; pin-type sub Z-133x clutch Z-122; drill collar
146 mm -27.43 m; hydraulic jar 165 mm:; drill collar
146 mm -27.43 m; pin-type sub Z-122x clutch Z-133;
BT 139.7 mm-9.45 m (thickened drill pipe).

The designed BHA_for drilling this section
includes two important elements:

- The PowerDrive X6 rotary controlled system
(RCS) is a new generation of drilling equipment with
increased reliability and productivity, which allows
achieving greater penetration per chiseling, accurately
following the planned trajectory of the hole while
reducing drilling time. All external elements of the

system rotate, which ensures high uniformity and
stability of the borehole, the transfer of the necessary
load to the bit and, ultimately, minimizing the
probability of snapping the arrangement at the bottom
[6, 7].

- The Telescope system for measuring and
transmitting data during drilling, which is used for
measuring the zenith angle and azimuth and
transmitting data to the surface in real time by creating
pressure pulses decoded by sensors installed on the
drilling line.

Drilling procedure in the range 2119-2764m
along the hole (angle set interval + stabilization)

1. Before lowering the BHA for deflection, drill
the cementing valve check throttle (CVCT), cement
cup and shoe and at least 5 meters of rock to ensure
the purity of the face from foreign objects.

Philadelphia, USA

22

2 Clarivate
Ana lytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350

2. Assemble and descend the BHA to a depth of
2119 m along the hole for drilling in the range 2119 —
2764 m along the hole.

3. Drilling in this interval will be carried out by
the BHA with RCS. Set from 27 to 39 of the zenith
angle and maintaining the zenith angle of 39 degrees,
together turning the direction from 250 degrees to 260
degrees, to the design depth of 2764 m along the hole
(2620 m vertically). The planned drilling interval can
be increased or reduced by the customer's decision.

4. When drilling with RCS, the minimum
required rotation speed of the drilling column is 120-
130 revolutions per minute. (Optimal rotation speed
140 revolutions per minute)

5. RCS commands are given by varying the
supply of drilling mud by pumps.(min-max-min-max
allowed for the device, etc.)

6. To assess the degree of cleaning and the
condition of the borehole, the volume of drilled
sludge, as well as the torque value must be constantly
monitored [8].

7. If there are landings or delays during drilling,
work out the borehole of the drilling well. In case of
critical landings and tightening, in order to avoid wear
of the elements or loss of the BHA, make a descent
and lifting operations to change the BHA to a rotary
one, and further study of the borehole. In the absence
of problems along the hole, lift the BHA for the
subsequent implementation of the planned GSW
(geophysical studies of wells) complex.

8. At the design depth of the hole of 215.9 mm
(8.5”), flush the borehole until the sludge is
completely washed out, and carry out a control
descent into the shoe of the previous column. Flush
the well, align the parameters of the drilling mud at
the maximum possible feed rate and the
corresponding rotor rotation speed (recommended at
least 80 rpm), with simultaneous monitoring of the
presence of sludge on the vibrating screens [9].

From a depth of 2119 m to 2150 m, the interval
is drilled stably with maintaining a zenith angle of 27
degrees and an azimuth angle of 250 degrees. Drilling

from a depth of 2150 m to a depth of 2388 m was
carried out with a set of zenith angle of 39 degrees
with an azimuth angle correction from 250 to 260
degrees. After opening the shoe of the intermediate
technical column at a depth of 2120 m, the specific
gravity of the drilling mud was raised from 1.70 g/cm?
to 1.74 g/cm®. When reaching a depth of 2227 m at a
zenith angle of 31.5 degrees and an azimuth angle of
254 degrees at a drilling mud density of 1.78 g/cm?,
the drilling tool was seized [10].

If the hydrostatic pressure in the borehole
exceeds the reservoir pressure in the reservoir opened
during drilling, the absorption of drilling fluid may
occur. If the hydrostatic pressure in the borehole
exceeds the reservoir pressure in the reservoir opened
during drilling, the absorption of drilling fluid may
occur. Violation of the borehole zone of the well
during drilling is very dangerous, and often leads to
accidents and costs a lot of money and time to
eliminate it. Most of these complications occur when
drilling clay rocks.

A timely increase in the density of the drilling
mud and a decrease in the filtration rate to the required
size contribute to the prevention of this complication.

To eliminate the seizure, it is necessary first of
all to pace the column with cranking. If at the same
time it is not possible to eliminate the tack, more
complex methods of elimination are used: the
installation of water, acid or oil baths, depending on
the nature of the tack. At well Ne 707 on the Western
Cheleken field, an oil and acid bath was installed
twice to free the drilling tool from being seized, but
the attempts were unsuccessful. When installing the
third oil bath while pacing the drilling tool 160 ts, the
tool was released. The reason for the seizure is a very
large discrepancy in the density of the drilling fluid,
which led to a pressure drop and, with partial
absorption, sticking of the drilling tool to the wall of
the well. After that, the density of the drilling mud was
reduced to 1.62 g/cm?®. When drilling from a depth of
2227 m to a design depth of 2764 m, the BHA was
changed with a decrease in stiffness (Fig. 4).
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Figure 4. BHA for drilling the interval 2389-2765 m (along the hole) of the set and stabilization of the zenith
angle for the production column after taking the drill tool.

Drilling to a depth of 2350 m was continued with was carried out by stabilizing the zenith angle of 39
a drilling mud of 1.62 g/cm? and a depth of 2350 m to degrees and the azimuth angle of 260.
a design depth of 2764 m on a drilling mud of 1.62 Drilling of the interval under the production
g/cm?, column was carried out with a diamond drill bit with
From a depth of 2388 m, the zenith angle reached a diameter of 2159 mm of the MDI616 brand
39 degrees and the azimuth angle 260 degrees. From manufactured by SmithBits, shown in Fig. 5.

a depth of 2388 m to a design depth of 2764 m, drilling
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Figure 5. Diamond drill bit, diameter 215.9 mm of the MDI1616 brand.

With a diamond drill bit with a diameter of 215.9
mm of the MDI616 brand, a six-bladed PDC bit with
a matrix body (M) and a 16 mm cutter, specially
designed for directional (D) drilling using a rotary
controlled system (RCS) and a rotating downhole
motor, which consistently provides excellent
performance in directional positions under load, has
an increased cleaning of the drilled rock, as well as
with the help of permissible hydraulic flows, produces
the necessary cooling of the bit and the complete
lifting of the drilled rock to the surface. With minimal
pressure supply by the pump, there is no risk of lumps
forming at the bottom of the well [11].

Drilling of the well was carried out on a
hydrocarbon-based drilling mud with a specific
gravity of 1.66 g/cm?; the flow rate of drilling mud is
28 l/sec; the area of the bit nozzles is 427.74 mm?; the
pressure drop on the bit was 40 kg/cm?; and the total
pressure in the riser was 180 kg/cm?. Drilling was
carried out in the following mode:

The load on the bit is 5-10 tons.

Rotation speed 120-130 rpm.

The pump capacity is 25-30 I/sec.

All procedures for setting the drilling mode and
drilling mud were followed according to the
developed program. The interval of the well
(stabilization and a set of zenith angle) with a zenith
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Conclusions
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profilyu: RD 39-0147276-512-78R, Ufa:

BashNIPIneft'.

Philadelphia, USA

25

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

Donkov, P.V., Leonov, V.A., Sivokon', I.S., &
Ahtyamova, E.N. (2003). Preduprezhdenie
otricatel'nogo tekhnogennogo vozdejstviya na
prizabojnuyu  zonu plasta. Intensifikaciya
dobychi nefti i gaza: tr.
Mezhdunar.tekhnol.simpoziuma. Moscow: In-t
neftegazovogo hiznesa.

Harlamov, K.N., Erohin, V.P., Dolgov, V.G,
Shenberger, V.M., & Zozulya, G.P. (1992).

Proektirovanie profilej S intervalom
bezorientiruemogo nabora krivizny stvola
skvazhiny. Sh. tez. Mezhdunar. NKT

Resursosberezhenie v toplivno-energeticheskom
komplekse Rossii, (p.24). Tyumen'.

Nikitin, B.A. (1998). Osobennosti
proektirovaniya  naklonno-napravlennyh i
gorizontal'nyh skvazhin s bol'shim otkloneniem
ot vertikali pri razrabotke morskih, neftyanyh i
gazovyh mestorozhdenij. Tekhnika i
tekhnologiya bureniya, Ne7.

Nikishov, V.I., Habibullin, R.A., Smetannikov,
A.P., & Nizhevich, D.A.  (2009). Karty
primenimosti  komponovok dlya sovmestnoj
razrabotki dvuh ob"ektov. Neftyanoe hozyajstvo,
Ne 11, pp. 45-47.

Kalinin, A.G. (2008). Burenie neftyanyh i

gazovyh skvazhin. Moscow:
“CentrLitNefteGaz”.
Lisov, S.. (1991). Opyt stroitel'stva

gorizontal’nyh skvazhin na neftyanyh i gazovyh
mestorozhdeniyah. Inform.Shornik «Nauchno-
tekhnicheskie dostizheniya i peredovoj opyt,
rekomenduemye dlya vnedreniya v neftyanoj
promyshlennostiy, vyp.Ne5.

(n.d.). Patent Ne2078921 na izobretenie “Sposob
kontrolya  polozheniya  otklonitelya  pri
zaburivanii naklonnyh uchastkov skvazhin i
ustrojstvo dlya ego osushchestvleniya”. Avtory:
Basarygin YU.M., Budnikov V.F., Bulatov A.l.,
Gers’kin V.G., Kul'chickij V.N., Majchub

10.

11.

12.

YU.M., Makarenko P.P., Sugak V.G. Prioritet ot
27.03.95,RUS 1.

Deryaev, A.R. (2022). Sostavlenie
pointerval'noj programmy vybora komponovki
niza buril'noj kolonny dlya bureniya pod
tekhnicheskuyu kolonnu naklonno-napravlennoj
skvazhiny. Shornik statej nauchno-prakticheskoj
konferencii  “Informacionnoe  obespechenie
nauchno-tekhnicheskij progressa: analiz
problem i poisk reshenij”. (pp.38-42). Ufa:
Nauchnoe izdanie: NIC “Aeterna”.

Deryaev, A.R. (2022). Sostavlenie
pointerval'noj programmy vybora komponovki
niza buril'noj kolonny dlya bureniya pod
ekspluatacionnuyu kolonnu naklonno-
napravlennoj skvazhiny. Sbornik statej nauchno-
prakticheskoj  konferencii “Informacionnoe
obespechenie nauchno-tekhnicheskogo
progressa: analiz problem i poisk reshenij”.
(pp.42-46). Ufa: Nauchnoe izdanie: NIC
“Aeterna”.

Deryaev, A.R. (2022). Rekomendacii po bor'be
s pogloshcheniem pri  burenii  naklonno-
napravlennyh  skvazhin.  Shornik  statej
Mezhdunarodnoj nauchno-prakticheskoj
konferencii  “Instrumenty 1  mekhanizmy
sovremennogo  innovacionnogo  razvitiya”.
(pp.62-65). Ufa: Izdatel'stvo OOO “Omega
sajns”.

Deryaev, A.R. (2022). Sostavlenie proektnogo
profilya i programmy vybora komponovki niza
buril'noj kolonny dlya bureniya naklonno-
napravlennoj skvazhiny. Materialy Sbornik
nauchnyh trudov “Sovremennye obrazovatel'nye
tekhnologii i aktual'nye modeli rasprostraneniya
nauchnoj informacii” (Materialy
Mezhdunarodnyh nauchno-prakticheskih
meropriyatij). (pp.23-39). Kazan" Nauchnoe
izdanie: «Obshchestvo nauki i tvorchestvay.

Philadelphia, USA

26

2 Clarivate
Analytics indexed



