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Abstract
Introduction. Directional drilling of wells is currently carried out by a rotary steerable system and
conventional equipment including a mud motor with an adjustable skew angle. Either of the two methods
has particular advantages.
Research aim is to analyze the technologies provided by various service companies in the field of
directional and horizontal wells drilling in order to provide means of improving the utilization capacity
of the conventional bottom hole assembly in long horizontal boreholes.
Methodology. When drilling directional wells with a small departure from the vertical and wells with
horizontal boreholes up to 500 m long, a preference is given to a mud motor as far as a change in
deviation parameters is concerned. This is due to the fact that the mud motor has a significant economic
advantage. However, when drilling directional well with complex planned profile or a well with
a horizontal borehole of more than 500 m, the mud motor may cause a variety of problems, while a rotary
steerable system will allow to avoid some of them.
Results. The rotary steerable system is not always economically feasible suggesting a need for an
alternative technology with a more advantageous offer on the market of services. A system of pulsed
controlled drilling will allow the adjustment of the trajectory of the wellbore when drilling in a rotary
mode with conventional equipment for directional drilling, reduce rig time, and improve the borehole
quality.
Summary. The given technology will make it possible to improve the efficiency of conventional
equipment which includes the mud motor for directional wells drilling with complex planned profile and
long horizontal boreholes of more than 500 m, as soon as the technology provides the possibility of
adjusting the trajectory in a rotary mode. The system of pulsed controlled drilling is developed as an
alternative to the rotary steerable system making it possible to significantly reduce construction expenses
for wells with complex geological conditions of drilling.

Key words: system of pulsed controlled drilling; rotary steerable systems; buckling effect; sliding;

traditional bottom hole assembly; trajectory correction.

Introduction. Directional drilling of wells is currently carried out by a rotary
steerable system (RSS) and conventional equipment including a mud motor with an
adjustable skew angle (MM). Either of the two methods has particular advantages.
The main advantage of RSS over MM is the availability of directional drilling in rotor
mode. It makes it possible to reduce friction of a drilling string on the walls of the well
by means of its continuous rotation. Rotary steerable system in the bottom hole
assembly (BHA) totally eliminates directional drilling in sliding mode. The main
advantage of MM over RSS is its economic feasibility. Daily rental fee for MM is
tenfold cheaper than RSS daily rental fee. As a result, well construction expenses are
reduced [1].

Research aim is to analyze technologies provided by various service companies in
the field of directional and horizontal wells drilling in order to provide means of
improving the utilization capacity of the conventional BHA in long horizontal boreholes.

Methodology. When applying MM in the bottom hole assembly, the process of
directional drilling is carried out by means of sliding when the bottom hole assembly is
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motionless in the borehole. In this case, as compared to rotation, it is much more
difficult to overcome the force of friction in horizontal boreholes with large departure
from the vertical. A problem arises of bringing the required and smooth load to drill
bits, there are occasional shutdowns and failures of the assembly; there is also an
increasing possibility of differential pressure sticking in the layers which are inclined to
drilling mud absorption. A system of pulsed controlled drilling is a solution to these
problems. The technology will make it possible to increase the effectiveness of
conventional equipment when drilling directional wells with long horizontal boreholes
and reduce expenses [2].

When drilling directional wells with small departure from the vertical and wells
with horizontal boreholes up to 500 m long, a preference is given to MM as far as a
change in deviation parameters is concerned. This is due to the fact that MM has
a significant economic advantage. However, when drilling directional well with
complex planned profile or a well with a horizontal borehole of more than 500 m, MM
may cause a variety of problems.

Firstly, it is the problem of bringing the required and smooth load to a drill bit due
to the significant friction factor in the sliding mode and, as a consequence, a developed
buckling effect. Drilling efficiency reduces significantly, orientation time increases, and
additional conditioning of a borehole and unplanned round trip operations become a
necessity. So, for trouble-free well drilling with complex planned profiles and long
horizontal boreholes of more than 500 m, a rotary steerable system is used to be able to
adjust the trajectory when drilling in rotor mode [3].

When drilling in rotor mode, rock breaking is uneven as soon as the drilled layers
are not always uniform with frequent shelly formations. As a result, the drill bit and the
whole BHA may deviate in various directions with an impressive dogleg severity.
Pendulum BHA is an exception. This is due to the fact that the drill bit moves in the
direction of least resistance where it is easier to mine out the rock. The system of pulsed
controlled drilling makes it possible to mine out more rock in rotor mode in the required
area, which allows to adjust the trajectory of the borehole in rotor mode when using
MM with an adjustable skew angle [4].

The main goals of applying the system of pulsed controlled drilling are the following:
control over the trajectory during rotor drilling, use of conventional equipment for
directional drilling, reduction of rig time, and improved quality of the borehole.

Results. The system of pulsed controlled drilling was developed in 2010 by
Weatherford company which carried out successful tests in the shafts of Oklahoma,
Utah, Texas, and Pennsylvania, having drilled more than 45 thousand meters with this
system. The system of pulsed controlled drilling was used in vertical wells to sustain
perpendicularity, at stabilization sections in order to maintain the preset parameters of
the trajectory, and in deviation intervals where the dogleg severity of 1°/10 m was
obtained [5].

In Oklahoma, 2469 m deep vertical well was drilled. The system of pulsed controlled
drilling was used in the second run with the space interval of 1125-2469 m. This space
interval was mainly formed with sandstone, and it was drilled in one round trip operation
with average speed of 45 m/h. In the same cuts BHA with rotary steerable system
shows lower speed of drilling due to the difference in the number of drilling bit turns.
Having included the rotary steerable system into BHA, the customer could reduce time
spent to adjust the whipstock in the required direction, and it made it possible to reduce
well construction expenses by 200 thousand US dollars.

BHA consisted of the following elements (fig. 1):

1. Drill bit PDC 215.9 mm (152 mm gage surface length);

2. Motor WF 675-QLE7850 (172 mm), 1.5° skew angle;
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3. Adjustable centralizer AGS;

4. Pulsator;

5. HEL telemetry system (inclinometer, gamma radiation sensor);

6. Drilling jar.

The main advantages and characteristic features of applying the system of pulsed
controlled drilling are the following: automatic regulation of vertical; spiral and axial
load reduction ensuring high-quality drilling of a directional hole; drilling build sections
and stabilization intervals in one run with the use of one BHA; drilling by a rotor
method at complicated sites maintaining the planned parameters of the trajectory;
increasing the speed of drilling and improving borehole quality by reducing sliding
operations; reducing slide/rotor ratio to 4/96 %; rig time reduction; well expenses
reduction [6].
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Fig. 1. Typical design of BHA
Puc. 1. Tunosas cxema KHBK

A mud motor with an adjustable skew angle is the basis of the system of pulsed
controlled drilling; it works along two various drilling centerlines (rotational and
orienting). Controlled adjustment of drill bit rotation speed through the motor
contributes to change in the trajectory of a borehole (fig. 2) [7].

Fig. 2. Principle of operation of a downhole motor with an adjustable skew angle
Puc. 2. [Ipunuun paGoTel BUHTOBOTO 3a00HHOTO IBUTATENS C PETYIHPYEMBIM YIIOM
nepekoca

The speed of drill bit rotation when drilling with the use of MM depends on the
speed of the drilling mud which passes through it. The pulsator set lower than
the telemetry system controls the speed of the passing flow by means of partial overlap
of the tube side.

With the closed pulsator, drill bit rotation speed and drilling speed decreases [8].
With the open pulsator, drill bit rotation speed and drilling speed increases (fig. 3).

Every particular component influences the technological efficiency, namely, drill
bit, hydraulic bottomhole motor, stabilizator, and MWD instrument.

The use of conventional hydraulic bottomhole motors and MWD instruments is
possible with the reliability confirmed by tests, under total three-dimensional control
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over the directional drilling. If necessary, it is possible to stop drilling and give the right
orientation to the assembly to obtain a higher dogleg severity using the method of
traditional directional drilling [9].

There are two methods of reprogramming the pulsator: by issuing a command to
change the speed of rotor rotation and with the help of Down Link Commander system
with the difference of pressure change.

Fig. 3. The principle of operation of the pulsator in the open/closed state
Puc. 3. [IprHIHI ASHCTBHUS ITyITECATOPA B OTKPHITOM/3aKPBITOM COCTOSHHIA

In case there is deviation from the trajectory in the process of rotary drilling,
a command is issued to the pulsator due to the difference in rotor turns or difference in
pressure for work in a desired direction; after that the pulsator starts opening in a desired
sector increasing the speed of the drilling mud which passes through it, thereby
increasing MM shaft speed; finally, the pulsator closes reducing rotation rate at the
counter side [10].

Summary. The given technology [11-15] will make it possible to improve the
efficiency of conventional equipment which includes MM for directional wells drilling
with complex planned profile and long horizontal boreholes of more than 500 m, as
soon as the technology provides the possibility of adjusting the trajectory in a rotary
mode. The system of pulsed controlled drilling is developed as an alternative to the
rotary steerable system making it possible to significantly reduce construction expenses
for wells with complex geological conditions of drilling.
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HpHMeHe]—[I/Ie COBPEMEHHBIX TEXHOJOITMIECKUX CPEIACTB B o0sacTH 6ype}mﬂ
HAKJIOHHO-HAMPAaBJCHHBIX CKBAKUH C ITPOTAKCHHBLIMU INOPU30HTAIbHBIMU
CTBOJIAaMH

Kypsiuuii A. E.!, Kaasirun C. M.
! AcTpaxaHCKHit ToCyapCTBEHHBIN TEXHUYECKHI YHUBEpCUTET, ACTpaxaHb, Poccus.

Pegpepam
Beeoenue. B nacmosuyee 6pems HAKIOHHO-HANPABIEHHOE OypeHue CK8AXCUH OCYUJeCMENAemcsl
6 pesyibmame NPUMEHEHUs. POMOPHO-YNPAGIAEMOU CUCTEMbL U  MPAOUYUOHHO2O 0OOPYOOBAHUS,
BKIIOUAIOU €20 BUHMOBOL 3a00UHbIIL 08USAMEND C PEYIUpyemMblM yenom nepexoca. Kascowiii uz cnocobos
uMeem onpeoeieHHble NPeUMyuecmea.
Lenv padomur. Ipoananuzuposams mexmoio2uieckue cpedcmea pasiuiHblX CepeUCHbIX OpeaHu3ayul,
npedoCmasnAWUX YCayeu 8 chepe 6ypenus HAKIOHHO-HANPABIEHHBIX U 20PU3OHMATIbHBIX CKEAJICUH, OJis
obecneyeHus 603MOHCHOCU YBeNUdeHUs NOMEHYUANd UCNONb308AHUA MPAOUYUOHHOU KOMNOHOBKYU HU3A
OYPUNLHOU KOLOHHBL 8 NPOMAICEHHBIX 20PUBOHMANLHBIX CBONAX.
Memooonozua. B ycrosusx Oypenus HAKIOHHO-HANPABIEHHBIX CKEANCUH C HEOONbULUM OMXO00M O
BEPMUKANU, @ MAKICE CKBANCUH C 2OPUSOHMATbHBIMU CMEONAMU NpOmsdicenHocmvio 0o 500 m
npeonoumenue 01 UsMEeHeHUs napamempos UCKPUIeHUusi 0moaemcs GUHMOBOMY 3a00UHOMY 08U2amenio.
Omo cea3an0 ¢ mem, YUMo npumeHeHue BUHMOBO20 3aO0LH020 08uzamens A6asemcs bonee OOCMYNHbIM C
9KoOHOMUYecKOoU mouku 3peHus. OOHaKo npu 6ypenuu HAKI0HHO-HANPABIEHHOU CKEAMHCUHBL CO CIOHCHBIM
NPOEKMHbIM NPOUIEM UNU CKBANICUHBL C 20PUBOHMANbHBIM cmoaom bonee 500 m, ucnonvsosanue
BUHMOB020 3a00LIH020 08U2amens npueeoem K paoy OCIOJCHEHUU, 6 MO 6peMsa KaK UCHONb308aHue
POMOPHO-YNPABISEMOT CUCEMbL NO3B0IUN U3DENCANTH HEKOMOPBIX U3 HUX.
Pesynemamui. [Ipumenenue pomopno-ynpaeisemoli cucmemvl 015 OypeHus HAKIOHHO-HANPABIEHHBIX
CKBAIICUH ¢ NPOMSANCEHHBIMU 2OPUSOHMATILHBIMU CIGONAMU He 6ce20d IKOHOMUYECKU YenecooOpasHo, U
nOIMOMY cywecmeyen HeobXo0UMOCmb 6 aIbMePHAMUBHOM MEXHONOSUYECKOM hnooxode ¢ bonee
BbICOOHBIM NPEONIOdCeHUEM HA pblHKe npedocmasisemvix yeaye. Cucmema umMnyibCHO2O YNpasiaemo2o
Oypenus obecneyum ynpasiienue mpaekmopueii 6 POMmopHOM PeXcume ¢ UCNOTb306AHUEM MPAOUYUOHHOZ0
000pYd08anUsL Ol HAKILOHHO-HANPABGIEHHO20 OYPeHUs, COKpamum epemsi OypeHust U NOBbICUM KA4ecmeo
npobypennozo cmeond.
Bui16oowl. Taxum obpasom, npumenenue OAHHOU MEXHONO2UU NO360UM NOGLICUMb dPPexkmusHocmy
UCNONB308AHUA MPAOUYUOHHO20 000PYOOBAHUS, BKIIOUAIOWE20 SUHMOBOU 3a00UHbIL Osucamens O
OypeHUsl HAKTIOHHO-HANPABILEHHBIX CK8ANCUH CO CLOMCHBIMU NPOEKMHBIMU NPOPUIAMU U NPOMANCEHHBIMU
20pu3oHmManbHbLIMu cmeoramu 6onee 500 M 3a cuem 603MONCHOCIU YRPABIANG MPAEKMOPUEN 8 POMOPHOM
pexcume. Cucmema umnyibCHO20 YRpAeusemo2o OypeHus paspabamvleaemcs Kaxk aibmepHamued
DOMOPHO-YNPABIAEMOll cUcCmeMe, ee UCHONb308AHUe NO3E60IUM SHAYUMENbHO COKPAMUMb pacxodbl HA
CMPOUMENLCMBO CKEANCUH CO CTLONCHBIMU 2€0N02ULECKUMU YCL08UAMU OYPEHUS.
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Knrouesvle cnosa: cucmema uMnyibCHO20 YNpasasiemo2o OypeHus; pomoOpHO-YRPAGNAEMAs. CUCIEMA,
appexm  bakaunea; crauoupoganue; MpPAOUYUOHHAS KOMNOHOBKA HU3A OYPUNLHOU  KOJNOHMbI,
KOpPEKmuposKa mpaeKmopul.
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