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DESIGN OF THE INCLINED-DIRECTIONAL WELL STRUCTURE 

 

Abstract: The article discusses the design of the design of an inclined directional operational evaluation well in 

order to restore oil production from an inactive field in the coastal zones of the coastal waters of the Caspian Sea. 

Materials of previously drilled wells and standard calculations were used to design the well structure. 

 This work can be used to select the design for the development of fields in difficult-to-digest marine shallow 

waters, for trouble-free conduct of the drilling process in difficult mining and geological conditions at abnormally 

high reservoir pressures. 
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Introduction 

The design of the well in terms of reliability, 

manufacturability and safety should ensure: 

-maximum use of reservoir energy of productive 

horizons during operation due to the optimal design 

and diameter of the production column; 

-the use of efficient equipment, optimal methods 

and modes of operation, maintenance of reservoir 

pressure, thermal effects and other methods of 

increasing oil and gas recovery of reservoirs; 

-conditions for safe work without accidents and 

complications at all stages of well construction and 

operation; 

-obtaining the necessary mining and geological 

information on the section being opened; 

-compliance with the conditions for the 

protection of the subsoil and the environment, 

primarily due to the strength and durability of the well 

support, the tightness of the casing columns and the 

ring spaces overlapped by them, as well as the 

isolation of fluid–containing horizons from each 

other, permeable rocks and the day surface; 

-maximum unification according to the standard 

sizes of casing pipes and borehole. 

All casing columns, except for the shaft and 

elongated direction, coming to the surface, must be 

suspended at the wellhead and rigidly connected to 

previously lowered columns using special devices - 

column heads. These devices must ensure the 

strapping of the casing strings and prevent unloading 

before suspension. 

The binding of the wellhead should provide: 

1. For the conductor: 

a) the landing of the column head of the 

subsequent intermediate column; 

b) installation of anti-blowout equipment; 

c) the presence of at least 0.3 m of free part at the 

wellhead for the installation of devices for forced 

sealing of the wellhead with open gushing. 

2. For intermediate and operational columns: 

a) tension and suspension; 

b) rigid and hermetic connections at the wellhead 

with a previously deflated column; 

c) monitoring of the pressure in the inter-column 

space and leaks through the sealing unit; 

d) the possibility of pumping liquid into the 

inter-column space; 

e) installation of anti-blowout equipment; 
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f) installation of a perforating valve and fountain 

fittings. 

The rate of descent of the casing string should 

not lead to hydraulic fracturing, as well as to crushing 

of the string or absorption of drilling mud. 

It is forbidden to partially or completely unload 

the casing string at the bottom of the well. Unloading 

of the shank and sections on the face or on the 

previously lowered part of the casing is prohibited. 

The upper ends of the shank or casing section installed 

in the unsettled part of the hole should be located in 

the intervals of stable rocks that do not have caverns 

and gutter workings [1, 2]. 

When lowering the shank or section, the descent 

speed of the drill pipes should not exceed the descent 

speed of the casing pipes. 

It is recommended to use deep suspension 

devices: 

a) wedge-shaped - for shanks and sections 

weighing up to 0.5 MN when suspended in the cased 

part of the hole on an unworn section of the previous 

casing; 

b) thrust - for suspension of shanks and sections 

of any mass in the cased part of the hole; 

c) on cement stone - for suspension of columns 

of any mass in the unsettled or cased part of the hole 

with varying degrees of wear of the previous column, 

provided that there is no absorption and the lifting of 

the grouting solution is provided for the entire length 

of the shank or section. 

The initial data for the design of the well 

structure are: the purpose of drilling and the purpose 

of the well, the design horizon and depth of the well, 

the diameter of the production column, reservoir 

pressures and hydraulic fracturing pressures of 

stratigraphic horizons, methods of completion of the 

well and its operation, the profile of the well and its 

characteristics, characteristics of rocks by strength. 

When choosing a well design, the duration of 

drilling of each attachment zone, the intensity of wear 

of the conductor and intermediate casing strings, as 

well as the geological study of the drilling area are 

taken into account.  

Directional production and evaluation well 

No.707 on the West Cheleken square was laid with a 

design vertical depth of 2620 meters (along the hole 

of 2764.37 meters) in order to assess the reserve of 

hydrocarbon raw materials and increase oil production 

using advanced technologies of foreign companies. 

For the design of the well structure, data on reservoir 

pressures and temperatures of previously drilled wells 

were obtained [3]. 

The information of earlier accidents and gas and 

oil occurrences, as well as geophysical materials of the 

next neighboring wells, were collected and analyzed.   

Well 262 (drilled in 1958) with a design depth of 

2570 meters. Upon reaching a depth of 2168 m after 

logging with a density of 1.73 g/cm3, the 

manifestation of a well with the output of drilling mud 

with a density of 1.73 g/cm3 was detected. Attempts 

to close the preventer failed. The well went into open 

gushing.  

Well 265 (drilled in 1958-1959) with a design 

depth of 2700 meters. At a drilling mud density of 

1.75 g/cm3, an operational column was lowered to a 

depth of 2562 meters. After perforation of the 

intervals 2508-2504; 2502-2493 meters during the 

descent of the tubing between the casing columns 

6”x11”, a strong intercolonial manifestation of gas 

and water began. To eliminate the intercolonial 

manifestation using electrometry, the depth of the 

manifestation interval is determined. From a depth of 

1437 meters, special holes were perforated in the 

production column and cement mortar was injected.   

Well 429 (drilled in 1963) with a design depth of 

2700 meters. With the correction of logging, it was 

drilled to an actual depth of 2743 meters. These 

intervals were drilled with the density of drilling mud: 

2000-2082 meters 1.76 g/cm3; 2082-2481 meters 1.80 

g/cm3; 2481-2743 meters 1.73-1.76 g/cm3. No 

complications occurred during the drilling operations. 

The depth of the conductor's descent was 

determined by the requirement of fastening the upper 

unstable deposits and isolation of the upper aquifers 

or absorbing horizons [4]. The conductor is equipped 

with anti-blowout fittings, therefore, the installation 

depth of the conductor's shoe was calculated from the 

condition of preventing hydraulic fracturing during 

the elimination of oil and gas occurrences according 

to the formula:          

....wellh.1wellh. /РР100H fresgre  −+=       (1) 

where Pwellh. is the pressure at the wellhead with the 

preventer closed during oil and gas occurrences, MPa;  

Pwellh1 - additional pressure at the wellhead that 

occurs when cleaning the well from incoming 

reservoir fluids, MPa; 

γe.gr - drilling mud density equivalent to the 

hydraulic fracturing gradient at the depth of the 

conductor's shoe installation, g/cm3; 

 γ
res.fl.

- the density of reservoir fluid in the 

borehole, g/cm3. 

To select the number of intermediate columns 

and the depth of their descent, a combined graph of 

changes in reservoir pressure, hydraulic fracturing 

pressure and hydrostatic pressure of the drilling mud 

column in the coordinates "depth-equivalent pressure 

gradient" was constructed. 

The equivalent of the pressure gradient is the 

density of the liquid, the column of which in the well 

at the depth of determination creates a pressure equal 

to the reservoir or hydraulic fracturing pressure [5]. 

For drilling intervals, we find the values of the 

equivalents of reservoir pressure gradients according 

to the formula     

0,01/HРres. =              (2) 
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If there is no data on hydraulic fracturing 

pressures, then in exceptional cases it can be 

determined by the formula: 

 res.hyd.fr. 0,66Р0,0083НР +=      (3) 

where H is the depth of determination of hydraulic 

fracturing pressure, m;  

Pres-reservoir pressure at the depth of 

determination of hydraulic fracturing pressure, MPa. 

Separately, for each interval, the hydraulic 

fracturing coefficient is found by the formula. 

0,01/HKhyd.fr. =               (4) 

In the intervals of occurrence of rocks in which 

a violation of the borehole zone of the well is possible, 

where the density of the drilling fluid is selected 

taking into account the rock pressure (pore pressure), 

instead of reservoir pressure, rock pressure can be 

plotted on the graph. 

In the intervals of intensive absorption of drilling 

mud, instead of the hydraulic fracturing pressure, the 

pressure at which intensive absorption begins can be 

applied to the graph. 

The zones of compatible drilling conditions are 

the zones of attachment of wells by casing strings, 

their number corresponds to the number of casing 

strings. [6,7,8]. The depth of the casing descent is 

assumed to be 10-20 m above the end of the fastening 

zone (zone of compatible conditions), but not higher 

than the depth of the beginning of the next zone of 

compatible conditions [9, 10]. 

The compatibility of drilling conditions is 

understood as a combination of them, when the 

created parameters of the technological processes of 

drilling the underlying interval of the well will not 

cause complications in the drilled overlying interval, 

if the latter is not fixed by the casing Based on 

calculations using the above formulas, hydrostatic 

pressure and hydraulic fracturing pressure are 

obtained, which are shown in Tables 1 and 2. 

Reservoir and pore pressure are obtained from 

indicators of neighboring wells, and hydraulic 

fracturing pressure is calculated using formulas 3 and 

4. 

  

Table 1. 

 

Index of the 

stratigraphic unit 

Interval, 

m 

Pressure gradient 

Temperature 
at the end of 

the interval  
0С 

reservoir pore 
hydraulic 

fracturing of rocks 

from 

(top) 

to 

(bottom) 

kgf/cm2 / m kgf/cm2 / m kgf/cm2 / m 

from 

(top) 

to 

(bottom) 

from 

(top) 

to 

(bottom) 

from 

(top) 

to 

(bottom) 

N3
2 ar 0 200 0,100 0,120 0,100 0,120 0,149 0,162 30 

N3
2 aр-N3

2 ak-N2
2 kg 200 1000 0,120 0,132 0,120 0,132 0,162 0,170 41 

N2
2 kg 1000 1800 0,132 0,150 0,132 0,150 0,170 0,182 56 

N2
2 kg 1800 2000 0,150 0,155 0,150 0,155 0,182 0,185 61 

N2
2 kg 2000 2200 0,155 0,165 0,155 0,165 0,185 0,192 66 

N2
2 kg 2200 2650 0,165 0,173 0,165 0,173 0,192 0,213 72 

 

Table 2. 

 

Index of the 

stratigraphic unit 

Interval, 

m 

Pressure gradient 
Temperature 

at the end of 

the interval, 
0С 

reservoir hydrostatic pressure 

from 

(top) 

to 

(bottom) 

kgf/cm2 / m kgf/cm2 / m 

from 

(top) 

to 

(bottom) 
from (top) to (bottom) 

N3
2 aр 0 200 0,100 0,120 0,120 0,140 30 

N3
2 aр-N3

2 aк-N2
2 кг 200 1000 0,120 0,132 0,140 0,147 41 

N2
2 кг 1000 1800 0,132 0,150 0,147 0,161 56 

N2
2 кг 1800 2000 0,150 0,155 0,161 0,168 61 

N2
2 кг 2000 2200 0,155 0,165 0,168 0,174 66 

N2
2 кг 2200 2650 0,165 0,173 0,174 0,181 72 
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The calculation of hydrostatic pressure is based 

on the calculation, according to the instructions 

"Safety rules in the oil and gas industry".  

The hydrostatic pressure during the opening of 

gas-oil-water-saturated formations should be 

determined for the horizon with the maximum 

gradient of reservoir pressure in the range of 

compatible conditions [11, 12]. 

The minimum excess of the hydrostatic pressure 

of the drilling mud column relative to the roof of the 

formation being opened is shown in Table 3, taking 

into account the depth of the well and the anomaly of 

the reservoir pressure. 

 

 
 

Figure 1. Combined graph of directional well No. 707 of the Western Cheleken field 

* Note: According to the actual mining and geological conditions and the results of geophysical studies, the depth of 

the casing descent, as well as the density of the drilling mud may vary. 
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Table 3. 

 

Well depth 

(interval), 

m 

Minimum excess of the hydrostatic pressure of the solution over the reservoir 

(repression), kgf/ cm2 

For oil-saturated 

reservoirs 

For gas-bearing, gas-condensate formations and 

formations in unexplored intervals of exploration wells 

0 -1000 10,0 15,0 

1001 - 2500 15,0 20,0 

2501 - 4500 20,0 22,5 

4500 and more 25,0 27,0 

 

Based on the calculation results obtained, a combined graph is constructed (Fig.1). 

 

 

Based on the combined schedule, the following 

design was selected for overlapping incompatible 

sections for the directional production and evaluation 

well 707 on the Western Cheleken field, shown in 

Table 4. 

 

Table 4. 

 

№ Name 
Casing diameter 

(mm) 

Descent depth 

(vertical/ hole) 

(m) 

The reason for the attachment 

1. Mining direction 708 7 
Cement with butobeton. To eliminate the 

blurring of the wellhead. 

2. Elongated direction 508 50 
For overlapping lightly cemented 

sandstones 

3. Conductor 339,7 800 

For overlapping unstable layers of the 

horizons of Absheron, akchagyl and 

unstable water layers, as well as possible 

gas layers of the upper part of the horizon 

of the red-colored thickness 

4. Technical column 244,5 2100/2119 

For overlapping in water and possibly gas 

layers of the middle, lower horizons of 

the red-colored strata, as well as for the 

purpose of controlling the anti-dew 

equipment in case of possible gas and oil 

water occurrences 

5. Operational column 139,7 2620/2764 
For the exploitation of productive oil and 

gas horizons 

 

The diameter of the casing strings is selected 

from the bottom up, starting from the production 

column. 

 

Conclusions. 

1. Analyzing complications, accidents, as well as 

geophysical materials of previously drilled wells and 

standard calculations carried out, the correct design of 

an obliquely directed operational evaluation well with 

difficult mining and geological conditions with 

abnormally high reservoir pressures was chosen. 

2. Based on the calculations, the combined 

pressure graph made it possible for the casing strings 

to descend unhindered. 

3. The design of the casing of the well in question 

is chosen correctly, this is proved by successful 

drilling of the well without complications to the 

design depth. 

  

 

 

 

References: 

 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  6 

 

 

1. (1973). Metodicheskie ukazaniya po vyboru 

konstrukcij neftyanyh i gazovyh skvazhin, 

proektiruemyh dlya bureniya na razvedochnyh i 

ekspluatacionnyh ploshchadyah, Moscow: 

Minnefteprom. 

2. 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, №7. 

3. Nikishov, V.I. , Habibullin, R.A., Smetannikov, 

A.P., & Nizhevich, D.A. (2009). Karty 

primenimosti komponovok dlya sovmestnoj 

razrabotki dvuh ob"ektov. Neftyanoe hozyajstvo, 

№ 11, pp. 45-47. 

4. 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. Sb. tez. Mezhdunar. NKT 

Resursosberezhenie v toplivno-energeticheskom 

komplekse Rossii. (p.24). Tyumen'. 

5. (1987). Tekhnologicheskij reglament na 

provodku naklonnyh skvazhin po proektnomu 

profilyu: RD 39-0147276-512-78R, Ufa: 

BashNIPIneft'. 

6. Deryaev, A.R. (2022). Konstrukciya 

gazokondensatnyh skvazhin i analiz 

tekhnologicheskih rezhimov ih raboty po 

ust'evym parametram. Sbornik statej 

Mezhdunarodnoj nauchno-prakticheskoj 

konferencii “Instrumenty, mekhanizmy i 

tekhnologii sovremennogo innovacionnogo 

razvitiya”. (pp.41-43). Ufa: Nauchnoe izdanie: 

NIC “Aeterna”.  

7. Deryaev, A.R. (2022). Trebovaniya k 

konstrukciyam, provedeniyu burovyh rabot, 

metodom vskrytiya plasta i osoveniya skvazhin. 

Sbornik statej V Mezhdunarodnoj nauchnoj 

prakticheskoj konferencii “Innovacionnyj 

diskurs razvitiya sovremennoj nauki i 

tekhnologij.” (pp.8-14). Petrozavodsk: 

Nauchnoe izdanie: MCNP “Novaya nauka”. 

8. Deryaev, A.R., & [Gulatarov, H.G.]. (1998). 

Tekhnologicheskie i tekhnicheskie problemy, 

svyazannye s provodkoj gorizontal'nyh skvazhin 

elektroburom i puti ih resheniya.  Cbornik statej. 

Modelirovanie processov razrabotki gazovyh 

mestorozhdenij i prikladnye zadachi 

teoreticheskoj gazogidrodinamiki. (pp.56-62). 

A: Ylym. 

9. Deryaev, A.R., & [Gulatarov, H.G.]. (1998). 

Issledovanie konstrukcii gorizontal'noj 

skvazhiny dlya dobychi nefti i gaza. Sbornik 

statej. Modelirovanie processov razrabotki 

gazovyh mestorozhdenij i prikladnye zadachi 

teoreticheskoj gazogidrodinamiki. (pp.49-57). 

A: Ylym. 

10. Deryaev, A.R., & [Gulatarov, H.G.]. (1998). 

Osobennosti bureniya naklonno-napravlennyh 

skvazhin elektroburom.  Cbornik statej. 

Modelirovanie processov razrabotki gazovyh 

mestorozhdenij i prikladnye zadachi 

teoreticheskoj gazogidrodinamiki. (pp.62-70). 

A: Ylym. 

11. Deryaev, A.R. (2012). Burenie naklonno-

napravlennyh skvazhin na mestorozhdeniyah 

Zapadnogo Turkmenistana. / 

Nebitgazylmytaslama institutynyň makalalar 

ýygyndysynyň 2-nji (29) goýberilişi, A: Türkmen 

döwlet neşirýat gullugy, pp. 267-276. 

12. (2001). Pravila bezopasnosti v 

neftegazodobyvayushchej promyshlennosti. 

(pp.190-191). Ashgabat: Sluzhba 

Gosudarstvennogo standarta Turkmenistana. 

 

 

 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  7 

 

 

Issue                     Article 

SOI:  1.1/TAS     DOI: 10.15863/TAS 

International Scientific Journal 

Theoretical & Applied Science 
 

p-ISSN: 2308-4944 (print)       e-ISSN: 2409-0085 (online) 

 

Year: 2023          Issue: 03      Volume: 119 

 

Published:  03.03.2023        http://T-Science.org  
  

Annaguly Rejepovich Deryaev 

Scientific Research Institute of Natural Gas of the State Concern „Turkmengas” 

 Candidate of Technical Sciences, Senior Researcher, 

Ashgabat, Turkmenistan 

annagulyderyayew@gmail.com  

 

 

THE PROGRAM FOR SELECTING THE BOTTOM-HOLE ASSEMBLY 

FOR DRILLING FOR DRILLING IN AN ELONGATED DIRECTION 

AND UNDER THE CONDUCTOR OF THE DIRECTIONAL BOREHOLE 

 

Abstract: The article presents the design of the bottom-hole assembly (BHA) of the elongated direction and the 

conductor of the directional production and evaluation well for the purpose of successful drilling of well No. 707 of 

the Western Cheleken field in the coastal zones of the coastal waters of the Caspian Sea.  

Materials from previously drilled wells and standard calculations, as well as safety rules in the oil and gas 

industry, were used to design the BHA of the extended direction drill string and the well conductor. 

This work can be useful and used to perform the tasks set when drilling vertical wells and preventing trunk 

curvature, as well as bringing the wellbore to the vertical in case of its curvature in conditions of abnormally high 

reservoir pressures. 
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Introduction 

To ensure the design trajectory of the borehole, 

it is necessary to apply the most effective bottom of 

the bottom-hole assembly (BHA) for these drilling 

conditions. 

The selection of the BHA should be made taking 

into account the provision of an effective diameter of 

the wellbore for the smooth passage of the casing 

string, the exclusion of ledges and guttering. 

The optimal number of casing strings and the 

installation depth of their shoes in the design of wells 

is determined by the number of zones with 

incompatible conditions of the trunk wiring according 

to the gradients of reservoir (pore) pressures and 

hydraulic fracturing (absorption) pressures of 

formations, strength and stability of rocks [1]. 

The shoe of the last casing, overlapping the rock 

prone to fluidity, should, as a rule, be installed below 

their soles. 

Prior to the opening of productive and pressure 

aquifers, it should be provided for the descent of at 

least one intermediate column or conductor to a depth 

that excludes the possibility of rock rupture after 

complete replacement of the drilling fluid in the well 

with reservoir fluid and sealing of the mouth. 

For the obliquely directed operational evaluation 

well № 707 on the Western Cheleken field, the 

following design was provided for an elongated 

direction and a conductor, which is given in Table 1. 
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mailto:annagulyderyayew@gmail.com
http://s-o-i.org/1.1/TAS-03-119-2
https://dx.doi.org/10.15863/TAS
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Table 1. Well design (characteristics of casing pipes and depth of descent). 

 

Hole name 

Descent depth 

(m) 
Diameter of the open 

barrel (diameter of the bit) 

(mm) 

Outer diameter, diameter wall 

thickness, strength group 

(mm) 

Weight of 

casing pipes 

(tons) above below 

Mining 

direction 
0 7 914 720 х 10 St.3. 1,58 

Elongated 

direction 
0 50 660,4 508 х 11,13 J55 6,94 

Conductor 0 800 444,5 339,7 х 9,65 J55 64,3 

The required diameter difference between the 

walls of the well and the casing couplings should be 

selected based on the optimal values established by 

drilling practice and maximally ensuring unhindered 

descent of each casing to the design depth and their 

high-quality cementing [2]. 

The minimum allowable diameter difference 

between the casing couplings and the borehole wall is 

shown in Table 2. 

                                                                                                   

Table 2. 

 

Nominal diameter of casing pipes, mm 114 

127 

141 

146 

159 

168 

194 

219 

245 

273 

299 

325 

351 

375 

426 

Diameter difference, mm 15 20 25 30 35 45 50 

Deviations from these values should be justified 

in the project. 

The minimum allowable diameter difference 

between the casing couplings and the borehole wall is 

created by choosing the appropriate BHA of the drill 

string for each interval of casing descent [3]. 

First of all, drill bits is selected from the bottom 

to the top in accordance with the diameter of the 

casing strings and, accordingly, according to 

calculations, choose drill collar, calibrators 

(centralizers), downhole motors, drill collar, 

translators. 

The choice of bit types should be based on the 

physical and mechanical properties of rocks 

(hardness, education, plasticity, etc.), lithological 

section, rock movement, etc. In addition, it is 

necessary to know the intervals of core sampling and 

the characteristics of the selected rocks (loose, loose, 

hard, strong, etc.). 

When choosing the type of bit, it is also 

necessary to take into account data on the possible 

durability of the bits and the mechanical speed 

obtained from the results of working out the bits in this 

area (by area); at the same time, the wear of the bits 

should be taken into account. If such materials are not 

available for this deposit, then in this case it is possible 

to use information on other areas with similar 

geological conditions [4]. 

A rational type of bit of this size for specific 

geological and technical drilling conditions is a type 

that, when drilling under the conditions under 

consideration, provides a minimum of operating costs 

per 1 m of penetration. 

Diamond bits can be used for drilling limestones, 

mudstones, dense clays, clay sandstones, marls, 

anhydrites and other rocks in which the effectiveness 

of the use of roller bits is sharply reduced. In the 

intervals composed of flint limestones, quarried 

sandstones, highly abrasive siltstones and other hard 

abrasive rocks, it is not recommended to use diamond 

bits. The expediency of using diamond bits should be 

ensured by regulatory savings [5]. 

The main element for the BHA is weighted drill 

collar, which create rigidity to the layout and their 

weight axial load on the bit. 
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Table 3. 

 

Bottom-hole assembly (BHA) 
Diameter 

(mm) 

Bit 

 

Drill collar: (weighted drill collar ) 

under normal conditions 

 

in complicated conditions 

 

Bit 

 

Drill collar: 

under normal conditions 

 

in complicated conditions 

139,7–  

146 

 

114 

 

 

108 

 

269,9 

 

 

229 

 

203 

149,2– 

158,7 

 

121 

(133) 

 

114 

 

295,3 

 

 

245 

 

219 

165,1– 

171,4 

 

133 

(146) 

 

121 

 

320 

 

 

245 

 

229 

187,3– 

200 

 

159 

 

 

146 

 

349,2 

 

 

254 

 

229 

212,4– 

228,6 

 

178 

 

 

159 

 

374,6-

393,7 

 

273 

 

254 

244,5– 

250,8 

 

203 

 

 

178 

 

>393,7 

 

 

273 

 

254 

The calculation of the drill collar is reduced to 

determining their diameter and length. The diameter 

of the drill collar is determined based on the 

conditions for ensuring the greatest rigidity of the 

section in drilling conditions, and the length - based 

on the load on the bit. 

Changing the BHA during drilling in the 

direction of increasing rigidity is not recommended. 

Each change in the stiffness of the BHA must be 

technologically justified, verified by calculation and 

recorded in the regime-technological map. In case of 

extreme necessity, an increase in stiffness is allowed 

only after careful study of the open borehole. 

The ratio of the diameter of the drill collar to the 

diameter of the well should be possibly large (0.75-

0.85 for bits with a diameter up to 295.3 mm, 0.65-

0.75 with a diameter over 295.3 mm) [6]. 

Depending on the diameter of the bit and drilling 

conditions, according to Table 3, the diameter of the 

drill collar is selected. 

For complicated drilling conditions, the diameter 

of the drill collar for bits with a diameter of more than 

250.8 mm is allowed to be reduced to the nearest 

adjacent size. 

In turbine and electric drilling, the diameter of 

the drill collar should not exceed the diameter of the 

turbobur or electric drill, therefore, the diameter of the 

submersible engine is taken as the largest size of the 

drill collar [7]. 

After selecting the diameter of the drill collar 

according to Table 4, we check whether the above-

ground section of the drill collar provides the 

necessary rigidity of the casing string under which 

drilling is carried out. The rigidity of the drill collar 

section must be no less than the rigidity of the casing 

string (Table 4). 

           

Table 4. 

 

Pipes 
Diameter 

(mm) 

Drill 

collar 

Casing 

108 

114 

121 

127 

146 

146 

159 

168 

178 

178 

178 

219 

203 

245 

203 

273 

229 

299 

229 

324 

229 

351 

254 

≥377 

After checking the rigidity according to Table 5, 

the diameter of the drill collar is selected depending 

on the diameter of the previous casing and the drilling 

method. 

 

Table 5. 

 

Pipes 
Drilling 

method 

Diameter 

(mm) 

Casing 

Downhole 

engine 
- - - - - 178 194 219 245 273 299 

The rotor 114 127 140 146 168 178 194 219 245 273 ≥299 

Casing Downhole - - - - - 89 102 114 127 140 140 
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engine 146 146 

The rotor 60 60 73 73 89 89 102 114 127 140 140 

Casing 

Downhole 

engine 
324 340 ≥406 - - - - - - - - 

The rotor - - - - - - - - - - - 

Casing 

Downhole 

engine 

140 

146 

140 

146 
168 - - - - - - - - 

The rotor - - - - - - - - - - - 

 

If the casing is made up of pipes of two 

diameters, then the drill string can also be completed 

from pipes of two diameters [8, 9]. 

Having selected the diameter of the drill collar, 

we check its ratio (and if the column is made up of 

pipes of two diameters, then the ratio of the diameters 

of the pipes located above the drill collar) to the 

diameter of the drill collar. If this ratio is less than 

0.75, then select drill collar of several diameters 

decreasing to the diameter of drill collar. The 

dimensions of the above-ground section of the drill 

collar must correspond to those specified in Tables 3 

and 4. 

Having determined the diameter of the drill 

collar, we calculate their length (rotary method) by the 

formula: 

         dr.c.bit.dr.c. qР 1,25L /=   (1) 

where Pbit is the load on the bit, MN;  

qdr.c – weight of 1 meter drill collar, MN;  

Ldr.c – length of drill collar, meters. 

When drilling with downhole motors, the length 

of the drill collar is determined by the formula: 

        dr.c.bitdr.c. qGР 1,25L /−=       (2) 

where G is the weight of the downhole engine, MN. 

If the drill collar consists of pipes of several 

diameters, then their total weight should be equal to 

bitn dr.c.n dr.c.2 dr.c.dr.c.2dr.c.1dr.c. Р 1,25Lq ......LqLq
1

=++   (3) 

 

or when drilling with downhole motors  

 

GР 1,25Lq ......LqLq bit.n dr.c.n dr.c.2 dr.c.dr.c.2dr.c.1dr.c.1 −=++   
 (4) 

 

After that, we determine the axial critical load of 

the Pcr, according to the formula 

                  
00

3 2
cr. FPEIqP −=       (5) 

 

where E is the elastic modulus (2.1 x 107 N/cm2);  

I is the equatorial moment of inertia of the pipe 

section, cm4;  

q is the weight of the unit of length of the drill 

collar, N/cm;  

P0 is the pressure drop on the bit, N/ cm2; 

F0 is the total area of the bit holes, cm2. 

( )44 dDπ/64I −=         (6) 

If the critical load is less than the load on the bit, 

then in order to limit the transverse deformation of the 

drill collar and the contact area with the well, it is 

recommended to install intermediate profile cross-

section supports on the drill collar, if necessary. The 

number of supports is calculated by the formula 

          1/qQ-Pm α
dr.c.кbit. −=             (7) 

where Qa is the weight above the bit arrangement to 

combat the curvature of the wellbore, MN;  

α is the distance between the supports (the 

number of supports should not be less than two), the 

value of α is given in Table 6. 

 

Table 6. 

 

Drill collar diameter 

(mm) 

Distance between supports (in m) for different rotational speeds, in rad/s (rpm) 

5,23 (50) 9,42 (90) 12,56 (120) 15,7 (150) 

108 – 114 

121 

133 

146 

159 

178 

20,0 

22,0 

23,5 

25,0 

31,0 

33,0 

16,0 

16,5 

17,5 

18,5 

21,5 

23,5 

13,5 

14,0 

15,0 

16,0 

18,5 

21,0 

12,0 

13,0 

13,5 

14,5 

17,0 

19,0 

  

The types of centralizers (calibrators) for each 

interval are selected according to the drilling 

conditions and the dimensions should be 

correspondingly equal to the diameter of the bit. [10, 

11]. 

Based on calculations for drilling an interval 

from zero to 50 meters for an elongated shaft direction 

with a diameter of 720 mm, the following BHA was 

selected. 

Crab 914 mm- 0.6 m; calibrator 660.4mm – 1.3 

m; drill collar  245mm – 6.5m; calibrator 660.4mm – 

0.6 m; drill collar  229mm – 13m; calibrator 660.4mm 

– 0.6 m; drill collar 203mm – 18m. 

BHA for drilling for a conductor with a diameter 

of 426 mm. 
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Interval 0-600 m: 

Bit with a diameter of 444.5 mm-0.5 m; 

calibrator 444.5 mm – 1.3 m; drill collar  245 mm – 

6.5 m; calibrator 444.5 mm – 1.3 m; drill collar  229 

mm – 13 m; calibrator 444.5 mm - 1.3 m; drill collar 

203 mm – 60 m; drill collar. 

Drilling was carried out vertically by rotary 

method. A diamond bit was used for drilling under the 

conductor. The hydraulic well drilling program 

provided the most complete cleaning of the face and 

the borehole from the drilled rock with minimal 

hydraulic losses. The working pressure of pumping 

pumps was 0.75 – 0.8 of the permissible, for the 

applied sizes of cylinder bushings [12]. 

The specific consumption of drilling mud when 

drilling the interval under the elongated direction by 

the rotary method was within 0.035 – 0.05 l/s cm2 of 

the face area, and when drilling under the conductor 

with a hydraulic downhole motor did not exceed 0.07 

l/s cm2. Upon reaching a depth of 800 meters, a 

complex of geophysical studies was carried out. The 

iklinometric data showed the verticality of the trunk, 

which corresponded to the project. 

 

Conclusions. 

1. The calculated selection of the BHA for the 

elongated direction and the conductor provided with 

their rigidity to successfully drill an obliquely 

directional operational and evaluation well, up to the 

provided design depth, ensuring the verticality of the 

trunk. 

2. The correct selection of the BHA for the 

elongated direction and the conductor, which 

alternates with soft weakly cemented abrasive rocks, 

proves the verticality of the drilled trunk. 

3. This method of collecting the BHA can be 

used when drilling deep wells with abnormally high 

reservoir pressures and can be useful to design 

engineers drilling oil and gas wells. 
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were used to design the BHA of the intermediate technical column of the well. The application of new downhole 

equipment for the selection of the zenith angle and logging operations during drilling in real time is described.  

This work can be used to perform the tasks set when drilling directional wells in fields with difficult mining and 
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Introduction 

An important technological factor determining 

the curvature of the vertical borehole is the 

longitudinal stability of the drill string located above 

the bit. When the stability of the drill string is lost, a 

deflecting force appears on the bit, under the action of 

which the bit will destroy the face at a certain angle to 

the axis of the well and mill the barrel wall in the 

transverse direction, which will lead to a curvature of 

the well. 

The correct selection (design) of technological 

and technical means, namely the bottom-hole 

assembly (BHA) (bits, drill string, rotating downhole 

motor, telesystems and deflectors), as well as drilling 

mud, are the fundamental factors ensuring successful 

(controlled) well wiring [1, 2]. 

When drilling wells, the following main methods 

are used to ensure the verticality of the hole: 

- using the "pendulum" effect by creating the 

maximum possible deflecting force on the bit, directed 

in the direction opposite to the direction of curvature 

of the barrel, and increasing the intensity of milling 

the barrel wall with the side surface of the bit; 

- maintaining the existing insignificant zenith 

angle of the borehole by centering the lower part of 

the BHA by placing the centering elements at the 

optimal distance from the bit; 

- active reduction of the curvature of the barrel 

due to the deflecting force or a change in the direction 

of the axis of the bit. 

These methods of wiring a vertical borehole are 

implemented by appropriate technical means: 

- pendulum BHA; 

- hard BHA; 

- stepped BHA; 

- RCS -s. 

Therefore, the main task in calculating the BHA 

for drilling a vertical well is to find such a length of its 

guide section at which the total angle of rotation of the 

bit axis would be minimal with any combination of 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:annagulyderyayew@gmail.com
http://s-o-i.org/1.1/TAS-03-119-3
https://dx.doi.org/10.15863/TAS
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technological factors [3]. The calculation scheme of 

such a rigid BHA is shown in Figure 1. 

The minimum of the total angle (φtot. = φpr + φinit) 

of rotation of the bit axis (Figure 1.) is the criterion for 

finding the optimal length of its guide section for 

vertical well conditions. 

The length of the guide section of the BHA to 

prevent the curvature of the vertical well is determined 

by the formula (1), and the geometric and stiffness 

characteristics of the drill collar are given in Table 1. 

.
q

EJ
5,0

max
l 3=

  (1) 

 

 
Figure 1. Calculation scheme of rigid BHA: 

 

X1 – length of the stretched part of the drill string; 

X2 - length of the compressed part of the drill string; 

P is the axial reaction applied to the lower end of the drill string and equal in magnitude to the weight of the 

compressed part of the string; 

M1 – reactive bending moment; 

F - lateral reaction on the support (centering element located at the upper end of the BHA); 

EJ1 - bending stiffness of the drill string; 

q1 is the weight of the unit length of the drill string in the flushing fluid; 

l is the length of the rigid BHA; 

EJ - bending stiffness (drill collar, downhole motor) of the BHA; 

q is the weight of the unit length of the base of the BHA in the washing liquid. 

 

 

Pendulum BHA are used to bring the hole of a 

curved well to the vertical. A typical pendulum BHA 

does not include support-centering elements [4]. 

 

Drilling of the directional operational evaluation 

well № 707 on the West Cheleken field with a depth 

of 1650 meters was planned to be drilled vertically and 
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a set of zenith angle to deepen obliquely correcting the 

azimuth angle with a trajectory towards the sea area. 

The drilling data of the section for a technical 

column of 244.5 mm along the barrel interval are 

shown in Table 1. 

 

 
Figure 2. BHA for drilling the interval of 1650-2100 m (vertically) 1650-2119 m (along the hole) of a set of 

zenith angle for a technical column 

 

Table 1. 

 

The interval of the barrel diameter 

295.3 mm 

800m – 2119m (along the hole) 

800m – 2100m (vertical) 

Interval length: 1319 m 

Drilling barrel interval with a screw downhole motor: 
800м – 2119m (along the hole) 

800м – 2100 m vertical) 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  16 

 

 

The length of the drilling interval with a screw downhole motor: 1319 m 

Hole configuration: 
Directional 

(vertical, angle set, straight-line stabilization) 

 

For drilling all intervals, the following BHA is 

selected. The zenith angle was set by a rotary 

controlled system. 

BHA for drilling with a diameter of 244.5 mm 

for a technical column. 

Interval 800-1650 m (vertical part of the 

directional shaft): 

For drilling under a technical column of 244.5 

mm in the interval 800-1650 m. 

Bit 311.15 mm; calibrator 311.1 mm – 1 piece; 

drill collar 245 mm – 5 m; calibrator 311.1 mm – 1 

piece; drill collar 229 mm – 13 m; calibrator 311.1 mm 

– 1 piece; drill collar 203 mm – 80 m; BT. 

For drilling the interval of 1650-2100 m 

(vertically) 1650-2119 m (along the hole) of the zenith 

angle set, the following BHA was designed. 

311,15mm, 12 1/4 ´´ PDS Bit˝ 

A bit with a diameter of 311.15 mm diamond; 

308 mm. Rotary controlled system PD 900; calibrator 

with check valve 308 mm; drill collar 203 mm– 9.42 

m; ARC LWD logging device during drilling; 214 mm 

Telescope 675 NF; drill collar 203 mm non–magnetic 

- 9.42 m; calibrator with check valve 305 mm; 

translator with filter 203 mm; pin-type sub Z-152 x 

clutch Z-171; drill collar 203 mm -28.2 m; pin-type 

sub Z-171x clutch Z-147; drill collar 178 mm -28.5 m; 

pin-type sub Z-147x clutch Z-133; hydraulic jar 165 

mm; pin-type Z-133 x clutch Z-147; drill collar 178 

mm -28.5 m; pin-type sub Z-147x clutch Z-133; drill 

collar 139.7 mm-9.5 m (thickened drill pipe).  

The BHA for the interval of 1650-2100 m 

(vertically) 1650-2119 m (along the hole) of the set of 

the zenith angle for the technical column is shown in 

Fig. 2. 

Drilling from a depth of 1650 m to 2100 m along 

the hole reached a zenith angle of 27 degrees with an 

azimuth of 250 degrees. From a depth of 2100 m to 

2119 m, the interval is drilled stably with maintaining 

a zenith angle of 27 degrees and an azimuth angle of 

250 degrees. 

Drilling of the interval was carried out with a 

diamond drill bit with a diameter of 311.15 of the 

SDI519 brand manufactured by SmithBits, shown in 

Figure 3. 

 

 
Figure 3. Diamond drill bit with a diameter of 311.15 of the SDI519 brand. 

 

The diamond drill bit with a diameter of 311.15 

of the SDI519 brand invariably provides excellent 

performance in directional positions, with the help of 

rotations by a rotary controlled system, when loaded 

on the bit with a turn in the required trajectory. 

Removable inserts of the Lo – Vibe type are mounted.  

It has an increased cleaning of the drilled rock, and 

also, 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 pump pressure, there is no risk of lumps 

forming at the bottom of the well. Side holes of the PX 

type, for the circulation of drilling mud, extend the 

service life of the bit by strengthening its calibration 

sections with diamond inserts of the DEI type made of 

wear-resistant tungsten carbide. 

The designed BHA for drilling this section 

includes two important elements: 
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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 [5,6].  

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 likelihood of the layout 

being seized at the bottom. 

A system for measuring and transmitting data 

during drilling "Telescope", 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.  

The drilling procedure in the range of 1650-2119 

m along the hole (angle set interval and stabilization) 

is as follows: 

1. Before lowering the BHA for deflection, it is 

necessary to make sure that the face is clean of foreign 

objects. 

2. Assemble and descend the BHA to a depth of 

1650m along the hole for drilling in the range of 1650 

– 2119m along the hole. 

3. MWD measurements will be made during the 

descent of the BHA at an interval of 0-1650m to 

measure the zenith angle of the already drilled barrel, 

in the absence of measurements. To do this, you will 

need to increase the pump supply to 30-38 liters per 

second (500-600 gallons per minute). 

4. Drilling in this interval will be carried out by 

the BHA with RCS. By setting and maintaining the 

zenith angle of 27 degrees to a depth of 2100 m along 

the hole (2083.53 m vertically). The planned drilling 

interval can be increased or reduced by the customer's 

decision. 

5. When drilling with RCS, the minimum 

required rotation speed of the drilling column is 120-

130 revolutions per minute. (The optimal rotation 

speed is 140 revolutions per minute) [7, 8, 9]. 

6. The commands of the RCS-s are given by 

varying the supply of drilling mud by pumps (allowed 

for the device minimum - maximum, maximum - 

minimum, etc.) 

7. To assess the degree of cleaning and the 

condition of the wellbore, the volume of drilled 

sludge, as well as the torque value must be constantly 

monitored. 

8. 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, perform a descent 

-lifting operation to change the BHA to a rotary one, 

and further study of the borehole. In the absence of 

problems along the hole, to lift the BHA for the 

subsequent implementation of the planned complex of 

geophysical exploration of the well [10]. 

9. At a depth of 2119 m of the hole of 311.15 mm 

(12.25”), flush the borehole until the sludge is 

completely washed out, and carry out a control 

descent-ascent 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. 

Drilling of the well was carried out on a 

hydrocarbon-based drilling mud with a specific 

gravity of 1.66 g/cm3; the flow rate of drilling mud is 

41 l/sec; the area of the bit nozzles is 582 mm2; the 

pressure drop on the bit was 40 kg/cm2; and the total 

pressure in the riser was 193 kg/cm2 [11, 12].  

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 40-45 l/sec. 

All procedures for setting the drilling mode and 

drilling mud were followed according to the 

developed program. The interval of the well (the set 

of the zenith angle and the stabilization of the zenith 

angle) with a zenith angle of 27 degrees and an 

azimuth angle of 250 degrees and an offset towards 

the sea area of 112 meters with the selected BHA was 

successfully drilled. 

 

Сonclusions 

1. In order to ensure the provided design 

trajectory of the borehole, it is necessary to make the 

correct selection of the most effective bottom-hole 

assembly (BHA) for these drilling conditions. 

2. Strict compliance with the hydraulic drilling 

program, in order to increase the mechanical drilling 

speed and complete cleaning of the drilled rock from 

the face. 

3. The use of advanced technologies for the 

transmission of information in real time to determine 

the direction of the trajectory of the hole and the data 

of geophysical studies of the layers of the well from 

the bottom of the well to the surface of the well. 

4. The correct selection of the BHA for the site 

of selection and stabilization of the zenith angle 

indicates the successful achievement of the well to the 

design depth in a given direction. 
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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 № 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 

Based on the calculated optimal dimensions of 

the layout of the bottom of the drill strings (BHA), 

taking into account the size of the bit, the location of 

the centralizers (calibrators) and other technological 

elements of the BHA is determined. 

When drilling by the rotary method, the length 

of the extension adapter (drill collar segment) is 

determined, which must be installed between the 

centralizer and the bit or calibrator, if the latter is 

included in the BHA, so that the length of the guide 

section is equal to the calculated (Lop) optimal value 

[1]. 

Figure 1 shows the calculation scheme of the 

BHA. 

 
Figure 1 – Calculation scheme of the BSC with centralizers 

 

http://s-o-i.org/1.1/tas
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The length of the extension sub is determined 

from the expression: 

421
HHHLH

3
−−−=  ,              (1) 

where H3 is the length of the extension sub, m; 

L is the estimated length of the guide section of 

the BHA, m; 

H1 – bit height, m; 

H2 – length of the over-the-bit calibrator, m; 

H4 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: 

 

421
HHHLH

3
−−−=                (2)  

 

where H3 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; 

H2 – length of the over-the-bit calibrator, m; 

H4 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 (Δ) of 

bending of the curved translator or the curvature 

mechanism is calculated according to the formula: 

 

,
2

arcsin 21 +






 +
=

R

LL

                

(3) 

where R is the radius of curvature of the borehole, m; 

L1, L2 - the length of the lower and upper sections 

of the downhole diverter motor, respectively, m; 

,
2

arctg
1

+






 −
=

L

dD  

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 (L1) of the rigid link of the BHA, which is 

determined from the expression: 

        
( )

,
3

4
4

1
g

EJdD
L

−
=

             

(4) 

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, kN*m2; 

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 

of downhole 

motor 

Diameter, 

mm 

Length, 

m 

Weight, 

kN/m 

Weight 1 m, 

kN/m 

Bending 

stiffness, 

kN* m2 

m,m 3

q

EJ
=  

Turbo drills 

ZTSSH-240 240 23,2 59,80 2,58 24000 21,0 

А9GTSH 240 23,3 61,30 2,63 24000 20,9 

ZTSSH -195 195 25,7 47,90 1,86 9000 17,5 

А7 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: 

( ).dDR4,2L −=sp.

                   

(5) 

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: 

( ).dDR828,2L −s

           

(6) 

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. 

 

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 

(RСS) 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. 
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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/cm3 

to 1.74 g/cm3. 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/cm3, 

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 № 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/cm3. 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). 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  24 

 

 

 
 

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 

a drilling mud of 1.62 g/cm3 and a depth of 2350 m to 

a design depth of 2764 m on a drilling mud of 1.62 

g/cm3. 

From a depth of 2388 m, the zenith angle reached 

39 degrees and the azimuth angle 260 degrees. From 

a depth of 2388 m to a design depth of 2764 m, drilling 

was carried out by stabilizing the zenith angle of 39 

degrees and the azimuth angle of 260. 

Drilling of the interval under the production 

column was carried out with a diamond drill bit with 

a diameter of 215.9 mm of the MDI616 brand 

manufactured by SmithBits, shown in Fig. 5. 
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Figure 5. Diamond drill bit, diameter 215.9 mm of the MDI616 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/cm3; the flow rate of drilling mud is 

28 l/sec; the area of the bit nozzles is 427.74 mm2; the 

pressure drop on the bit was 40 kg/cm2; and the total 

pressure in the riser was 180 kg/cm2. 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 l/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 

angle of 39 degrees and an azimuth angle of 260 

degrees and an offset towards the sea area of 491 

meters with the selected BHA was successfully drilled 

to the design depth [12]. 

After fastening, perforation was made at depths 

of 2568 – 2572m; 2564 – 2568 m; 2549 – 2551m; 

2552 – 2554m. During development, there was no 

inflow in the well. The intervals 2610 – 2612 m 2512 

– 2518 m were re–fired and the interval 2564 - 2668 

m was re-fired, an influx of oil into the waters with a 

flow rate of 30 tons /day was obtained. 

 

Conclusions 

1. When drilling wells with abnormally high 

reservoir pressures, in order to avoid complications, 

all the necessary parameters of the drilling fluid 

should be adjusted. 

2. For the earliest possible release of the grip of 

the drilling tool, it is necessary to have oil on the 

drilling rig to install an oil bath. 

3. It is necessary to select the right BHA for 

directional wells in order to avoid complications and 

accelerate the mechanical drilling speed. 

4. When drilling wells with diamond drill bits, it 

is necessary to adhere to the design parameters of the 

hydraulic program and drilling mode. 
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