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Abstract 
The technology of drilling slant exploitation well in the oilfield of 
Western Siberia has been studied. Development of well construction 
has taken into account the next geological features of the section: 
permafrost rocks occur to the depth of 260 m, and iciness also takes 
place. Well construction is selected on the base of intervals of 
incompatible drilling conditions. The designed profile includes 
several intervals: one vertical interval, one zenith angle buildup 
section, two hold sections and one zenith angle drop section. A 
check calculation of the setting depth of the intermediate casing for 
the condition of preventing hydraulic fracturing of rocks near the 
shoe was carried out, and the safety factor of rocks for hydraulic 
fracturing was found. Drill pipes calculation includes determination 
of their length and diameter as well as allowable setting depth for 
drill pipes. This article demonstrates drilling methods, borehole 
under-reaming methods and the main parameters for the 
performance of technological operations of directional drilling. A 
drilling rig has been selected according to the allowable hook load. 
The density of the used drilling muds has been substantiated for the 
intervals of compatible drilling conditions, types and parameters of 
muds. 
 
Keywords 
directional well, drilling, borehole profile, well construction, 
drilling rig 
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Introduction 
 

Novoportovskoe oil-gas-condensate field belongs to Western Siberian oil and gas province. During drilling in 
this field the next sections are distinguished (Ivanova et al., 2018; Ivanova et al., 2018; Savenok et al., 2020; 
Moroz et al., 2020; Baranov et al., 2017): 
• Liable to drilling mud losses. This drilling trouble results in full or partial loss of drill mud circulation, 

which can lead to an emergency; 
• Liable to caving and failure. This drilling trouble can cause considerable narrowing of a borehole. Usually, 

caving and failures occur in deviated intervals built with soft or unstable rocks; 
• Liable to gas, water and oil shows; This phenomenon breaks the normal process of drilling, causes 

equipment wear and leads to emergencies; 
 
Liable to sticking and jamming of BHA and drill string, differential sticking, packing, drilling mud 

thinning, etc. (Dzhus et al., 2020; Andrusyak et al., 2017; Lao et al., 2016). 
 

Organization of the Text 
 

Gradients of reservoir pressure grad РRES and hydrofracturing pressure grad РFR are found using the formula 
 

Z
РgradP RES

RESZ
=

,         (1) 

Z
РgradP FR

FRZ
=

,         (2) 
 

where PRES, PFR – reservoir and hydrofracturing pressure on depth Z, respectively, MPa. 
 
Development of well construction has taken into account the next geological features of the section: 

permafrost rocks occur in the interval of 0 - 260 m. The temperature varies from -7 to -1,5о С; iciness is in the 
interval of 0.15 – 0.28. Reservoir pressures along the whole section of designed wells are equal to hydrostatic 
pressure (Ка = 1.00). Gas horizons lie in the interval of 505 - 2035 m, and the anomaly ratio is Ка = 1.00. Oil 
saturated horizons occur at a depth of 1013 - 2060 m, and the anomaly ratio is Ка = 1.00. Oil exploitation target 
U2-6 lies in the interval of 2040 – 2060 m with reservoir pressure being РRES 2040 = 205 kgf/cm2 (Ка = 1.00).  

Taking into account the data mentioned above and the experience from working in the region, the next well 
construction is accepted.  

A conductor casing with a diameter of 426 mm is lowered to the vertical depth of 50 m to isolate unstable 
rocks of quaternary deposits (Saga et al., 2014; Saga, 2020). Conductor casing increases the durability of casing 
string for longitudinal stability in the permafrost interval and is cemented to the wellhead. In case of lowering the 
level behind the casing in the process of waiting-on-cement, cement slurry should be topped up (poured behind 
conductor casing). 

The surface casing with a diameter of 324 mm is lowered to the vertical depth of 480 m (measured depth is 
480 m, too) and cemented to the wellhead. Surface casing setting depth is selected with the purpose of isolating 
permafrost rocks. The surface casing prevents hydraulic fracturing of rocks near the shoe in case of a gas 
blowout from Cenomanian strata (PK1) during drilling for the intermediate casing. Surface casing increases the 
durability of casing string for longitudinal stability in the permafrost interval, and prevents rocks from melting 
and failure. It also prevents from caving of rocks of the Oligocene and upper part of the Cretaceous systems in 
the process of drilling for intermediate string and provides isolation of groundwater of the Anthropogenic-
Oligocene complex. 

Intermediate casing with a diameter of 245 mm is lowered to the vertical depth of 1100 m (drilled depth - 
1175 m) and cemented to the wellhead. 

The setting depth of the intermediate casing is selected to provide isolation of upper gas horizons, which lie 
in the interval of 505 – 1013 m (vertical depth) and to cover unstable rocks, including the upper Yarong suite. 
Another purpose of intermediate casing is to provide compatibility of conditions for drilling for production 
casing with BOP on the wellhead (Saga et al., 2014; Kuric et al., 2022; Kuric et al., 2021). Intermediate casing 
increases the durability of casing string for longitudinal stability in the permafrost interval. The shoe of the 
casing string is installed in the interlayer of hard clays. 

Production casing with a diameter of 178mm is lowered to the vertical depth of 2110 m (drilled depth is 2343 
m) and cemented to the wellhead. 
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Production casing provides exploitation of development target, disconnects all productive horizons from each 
other, and protects from fluid cross-flows between beds. Production casing increases the durability of casing 
string for longitudinal stability in the permafrost interval (Ivanova et al., 2018; Bozek et al., 2016). 

The diameter of the production casing (178 mm) provides passableness of downhole pumping equipment for 
exploitation of development target as well as tools and devices for well servicing and overhaul. What is more, 
this diameter allows drilling of sidetracks. 

During well construction, the depth of running the production string should be specified based on well 
logging results. 

Figure 1 shows a graph of overlay pressures. 

 
Figure 1. Graph of overlay pressures 

 
Substantiation of well construction is shown in table 1 

 
Table 1. Substantiation of well construction 

The name of the 
casing string 

Diameter of 
the casing 
string, mm 

Setting 
depth 
(vertical), 
m 

Purpose of casing string: substantiation of selection of diameter, setting depth, sections 

Conductor 426.0 50 Isolation of unstable rocks of quaternary deposits, increasing the durability of casing 
string for longitudinal stability in the permafrost interval, and it is cemented to the 
wellhead. 

Surface casing 323.9 480 The purpose and setting depth is selected with the condition of isolating permafrost 
rocks. The surface casing prevents hydraulic fracturing of rocks near the shoe in case of 
a gas blowout from Cenomanian strata (PK1) during drilling for the intermediate casing. 
Surface casing increases the durability of casing string for longitudinal stability in the 
permafrost interval and prevents rocks from melting and failure. It also prevents from 
caving of rocks of the Oligocene and upper part of the Cretaceous systems in the 
process of drilling for intermediate string and provides isolation of groundwater of the 
Anthropogenic-Oligocene complex. The shoe of the casing string is installed in the 
interlayer of hard clays. 

Intermediate 
casing 

244.5 1100 The setting depth of the intermediate casing is selected to provide isolation of upper gas 
horizons, which lie in the interval of 505-1013m (vertical depth) and to cover unstable 
rocks, including the upper Yarong suite. Another purpose of intermediate casing is to 
provide compatibility of conditions for drilling for production casing with BOP on the 
wellhead. Intermediate casing increases the durability of casing string for longitudinal 
stability in the permafrost interval. The shoe of the casing string is installed in the 
interlayer of hard clays. 
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Production 
casing 

177.8 2110 Production casing provides exploitation of development target, disconnects all 
productive horizons from each other, and protects from fluid cross-flows between beds. 
Production casing increases the durability of casing string for longitudinal stability in 
the permafrost interval. 

Borehole profile and trajectory 
A borehole profile is designed by taking into account the conditions of its further exploitation (Figiel et al., 

2020; Saga et al., 2020; Dodok et al., 2017). It should be technically feasible using current technical means and 
provide passableness for geophysical devices, casing and drilling strings. 

On the base of the geological section and drilling equipment, the designed profile includes several intervals: 
one vertical interval, one zenith angle buildup section, two hold sections and one zenith angle drop section. 
(Table 2, Figures 2, 3). 

Vertical section – 0 - 550 m. 
The first buildup section is made with a buildup rate of 1.0о per 10 m. On the depth of 891 m zenith angle 

reaches 36,50°. The radius of curvature is R = 486 m.  
Hold section is located on the vertical depth of 891 - 1396 m (915 - 1543 m – drilled depth). 
Zenith angle drop section with a drop-off rate of 1,0° per 10 m is drilled in the interval of 1396 - 1584 m – 

vertical depth (1543 - 1753 m – drilled depth). Zenith angle decreases from 36.50° to 15.0°. 
Then the 2nd hold section is drilled to the bottom, zenith angle remains 15.0°. 
If this type of well profile is provided, the bottom hole deviation along the top of the J2-6 is 700 m, the angle 

of entry of the wellbore into the productive formation will be 15.0°, and the total well deviation at the end of 
drilling will be 718 m.  

Orienting the deviator and control over well trajectory:  
- during drilling for an intermediate casing of 245 mm Russian telesystem АТ-3(31) of oil research and 

production company "EKHO" or imported telesystem MWD-1200 "Sperry-Sun" can be used 
- during drilling for production casing of 178 mm Russian telesystem АТ-3(31) of oil research and 

production company “EKHO” or imported telesystem MWD-1200 “Sperry-Sun” can be used 
 

Table 2. Initial data for calculation of borehole profile 
Sequence 
number 

Parameter name Measurement unit Value 

1 Vertical depth of: m  

- kick-off point  550 

- end of 1st hold section  1396 
- top of J2-6 layer  2040 

- well  2110 

- downhole pumping equipment setting (ESP)  1950 

2 Designed rate of zenith angle changing in: degree per 10 m  

 - buildup interval  1.00 

 - drop-off interval   1.00 

3 The angle of entry in layer J2-6 degree up to 15 

 The designed radius of curvature of: m  

 - buildup section  573 

 - drop-off section  573 

4 Deviation of bottom from the top of layer J2-6 m 700 

5 Maximum allowed rate of change:   

- of zenith angle:   

in buildup section degree per 10 m 1.5 

in drop-off section degree per 10 m 1.5 

- of submersible pump operation degree per 100 m 3.0 

- space angle in:   

buildup section degree per 10 m 2.0 
drop-off section degree per 10 m 2.0 

sections of submersible pump operation degree per 100 m 4.0 
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Table 3. Profile of directional well  
 

 
 
 

  
Figure.  2 Projection in ХОУ coordinates Figure 3. Borehole profile 

 
The diameter of production casing is determined by taking into account well flow rate, size of equipment, 

which should be lowered in this string to provide a designed flow rate, logging results and drilling experience on 
the oilfield: 

δ2+= ccb dD , (3) 

where bD - bit diameter, mm; ccd - external diameter of casing coupling, mm; δ - radial clearance between 
casing coupling and borehole walls, mm. 

For casing string with a diameter of 178 mm - mmdcc 188= ; mm2010 ÷=δ .  
mmDb 20820188 =+= ; So we choose the bit with diameter: Db = 220 mm 

Surface casing diameter is selected from condition to provide unobstructed passage of BHA, using the 
formula: 

∆+= 2bin Dd  (4) 

where ∆ - radial clearance between the bit and casing pipe walls, it is usually accepted in the range of 3 to 
10 mm. 

. We set the surface casing diameter as 245 mm. 
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Choosing the bit: 
mmDb 29525270 =+= . We select the bit with a diameter of Db = 295.3 mm. 

The same way we calculate intermediate casing string: 
. We choose a conductor casing diameter of 324 mm. 

Db=351+40=391 mm. So we selected the bit with a diameter of 393.7 mm. 
Calculation of conductor casing: 

. We accept a conductor casing diameter of 426 mm. 
Db = 426 + 40 = 466 mm. The bit of 490 mm is selected. 
The minimum setting depth for the surface casing is determined from the condition of prevention from 

hydrofracturing of rocks near the shoe in the process of liquidation of possible oil, gas and water shows. 
When drilling from under the surface casing and opening the gas layer PK1, above which there are no oil and 

water reservoirs in the section, it is necessary to lower the conductor to a depth that excludes the possibility of 
rock fracture after complete replacement of the drilling fluid in the well with gas and sealing the wellhead.  

When calculating the casing strings of gas wells, in which there is only a gas column when the wellhead is 
closed, the internal pressure at the casing shoe and the intermediate string is determined by the formula: 

;S
res

Lc е
РРin =  when   0≤Z≤ ℓtop 

where Рпл – reservoir pressure, kgf/cm2; ℓtop – depth of the top of layer, m; 
S = 0,1 · γ · 10-3(ℓkr - Z);  
Lc – surface casing setting depth (intermediate casing), m 

If ℓtop ≤ 1000m and Рres ≤ 100 kgf/cm2 or Рres ≤ 40 kgf/cm2 and any ℓtop, it can be assumed that inner pressure 
along the whole length of the well is equal to reservoir pressure.  

During drilling below the intermediate casing, gas layers are penetrated with oil and beds and aquifers are 
located above them (Kuric et al., 2020). Therefore, it is necessary to lower the intermediate casing to the depth, 
excluding any possibility of rock fracturing after full displacement of drilling mud in a well by the mixture of 
fluids from different horizons and wellhead sealing. 

In casing strings of oil and gas wells there are both oil and gas columns inside when the wellhead is closed. 
The following formulas are used for calculating internal pressure near the shoe of such intermediate string: 

when   H ≤ Z ≤ ℓkr 

                                        );(1,0 ctopвrescL LРРin −××−= γ                   

and with   0 ≤ Z ≤ H                                                                                                                                      (5) 

;
)(1,0

s
topвres

Lc е
HР

Рin
−××−

=
γ

 

where Рres – reservoir pressure, kgf/cm2; γв – fluid mixture density, g/cm3; ℓtop – top of layer, m; H – height 
(discharge) of gas column when BOP is closed; 

S = 0,1 · γ ·10-3 (H - Z); 
Lc – surface casing setting depth (intermediate casing), m. 
To provide safe penetration and drilling of gas deposit in layer PK1 of the Marresaline Suite (505 – 513 m), it 

is necessary to lower the surface casing to its top Lc = 480 м and install BOP. 
Surface casing setting depth is checked (worst conditions) with gas deposit TP0   with ℓtop = 998 m, Рres = 100 

kgf/cm2, γ = 0,645 g/cm3, Н = 998 m. 
According to clause 4.2 of instruction (Ivanova et al., 2018; Ivanova et al., 2018; Savenok et al., 2020), in 

case of gas shows and full displacement of drilling mud by gas, internal pressure near the shoe of surface casing 
will be: 

Рin480 = Рres998= 100 kgf/cm2 
if ℓ ≤ 1000 m and Рres.ℓ ≤ 100 kgf/cm2 internal pressure from the top of the layer to the wellhead is accepted 

as equal to reservoir pressure.  
 

Hydrofracturing pressure near surface casing shoe: 
Рfr 480 = 0.22 х 480 = 105.6 kgf/cm2. 
Safety factor for rock fracturing in case of Cenomanian gas blowout and closed wellhead with BOP will be: 

056.1
100

6.105
==η (i.e. 5.6%), which is enough. 

The main criterion for selection of intermediate casing setting depth is providing compatible drilling 
conditions: 

- casing string is lowered to cover gas deposits in the interval of 505 - 1013 m (PK1, HM1, HM3, TP0, 
TP 1-4) with shoe installation on the vertical depth of 1100 m; 
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- providing the possibility of further drilling for production string with lighter polymer-carbonate 
drilling mud. 

While drilling for production casing string, aquifers, gas, and oil-saturated layers will be penetrated; their 
anomaly ratio is Ка = 1.0. 

Maximum wellhead pressure occurs in case of gas shows and full displacement of drilling mud by the 
mixture of liquid and gas (gas, oil, water) and its division into gas and liquid columns after closing the 
wellhead with BOP. For the calculation, we use worst conditions from gas layer J 2-6: ℓtop. = 2025 m, Рres = 203 
kgf/cm2, γ = 0.685 g/cm3, γн = 0.72 g/cm3, Ка = 1.0;  Н = 0.6 ℓtop ≈ 1200 m 

In case of gas shows and if the wellhead is closed, the internal pressure at the intermediate casing shoe will 
be: 

Рin L in.c = [203 – 0.1 ·  0.72 · (2025 - 1200)]: е s ≈ 144 kgf/cm2  , 
where: S = 0,1 · γ · 10-3(ℓtop - Z) = 0.1 · 0.685 · (1100 - 1100) = 0, е s = 1,0 

The intermediate casing string setting depth accepted in the project is 1100 m; it meets the requirements of 
clause 26 of the design task and takes into account zones of compatible drilling conditions and the geological 
structure of the section. 

Check calculation of intermediate casing string setting depth for the condition of prevention from rock 
hydrofracturing near the shoe: 

- fracturing pressure of rocks near the shoe of intermediate casing string will be: 
Рfr1100 = 0.18 · 1100 = 198 kgf/cm2; 

- internal pressure near the shoe of intermediate casing string in case of oil shows and closed wellhead: 
Рin 11100 = 144 kgf/cm2  . 
The safety factor of rocks for fracturing: 

%)37..(37.1
144
198 еi==η , which is enough. 

Calculation of drill collar includes finding its diameter and length. The diameter of the drill collar is found on 
the base of provision the highest stiffness of the cross-section in given drilling conditions. The length of the drill 
collar takes into account the load on the bit 

Considering that the production string is drilled with a bit of 220.7 mm diameter, we selected a drill collar of 
178 mm diameter.  

                                                                                   (6) 
This value is in the range of 0.80 – 0.85, and it does not exceed the diameter of the screw downhole motor 

(195 mm). The drill collar diameter corresponds to existing recommendations and provides necessary stiffness. 
The length of drill collar is found according to the formula: 

;                                                  (7) 
where Pb – load on bit (10 tons = 10000 kg), 
G – the mass of the screw downhole motor (1313 kg), 
qdc – drill collar weight per meter (156 kg). 

 
We accept that  , i.е. three stands with a length of 25 m. 
Drill collar weight  . 
The drill string diameter is selected according to the diameter of the previous casing string, which is 245mm. 

For this case, the diameter of the drill string is accepted as 127 mm. The check of the ratio of the diameter of 
drill pipes, located above drill collar to the diameter of drill collar itself: 

           (8) 

In this case, the condition is fulfilled:  
Allowable setting depth of drill pipes is found according to the formula: 

        (9) 

Allowable setting depth of drill pipes with a diameter of 127 mm is found the following way. As we select 
steel of strength grade «L», we know that pipe walls thickness is 9.19 mm; the weight of the one-meter of string 
qБТ is 31.9 kg; tensile load, under which the load in the body of steel drill pipe SDP-127 with strength grade “L” 
reaches yield strength, is . We accept n = 1.3 – safety factor for normal drilling conditions; k = 
1.15 – coefficient considering the influence of friction, inertion and resistance to movement of drilling mud; G 
(weight of screw downhole motor DRU1-195RS) = 1313 kg. Other data for calculation include ρdm – drilling 
mud density; for drilling of the last section, it is 1.13 g/cm3; ρМ – pipe material density, 7.85 g/cm3; p0 – pressure 
difference on the bit, 2.0 MPa; pn – pressure difference on screw downhole motor, 1,0 MPa; area of flow section 
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of pipes . Firstly, we find an allowable tensile load for pipes of the 
lowest section in normal drilling conditions Qp:  

 

 
 
Pressure losses in drill string: 
     (10) 

- hydraulic resistance coefficient, which depends on mud flow mode.   

 
Pressure losses in the circular clearance of borehole are found using the formula: 

    (11) 

 
Pressure losses in the circular clearance of surface casing are found using the formula: 
 

                    (12) 

 
Total pressure losses in circulation system of a well (without the bit): 

 ΔР = ΔРDM + ΔРDS + ΔРCC + ΔРМ                   (13) 
ΔР = 4,5 + 4,2 +0,77 +0,21+0,0252= 9,70 MPa 

Drilling methods and modes are demonstrated in table 4. 
 

 
Table 4. Methods of drilling, borehole over-reaming and main parameters of performance of this technological operation 

Interval, m Type of 
technological 

operation 

Drilling 
method 

BHA 
identifi
cation 

number 
  

Drilling mode Speed of 
performan
ce of the 

technologi
cal 

operation,  
m/h 

vertical drilled Axial 
load, t 

Rotor 
speed, 
rpm 

Torque 
(reactio

n) 
conside

ring 
friction 
forces, 
kgf∙m 

Drilling 
mud 

flowrate,    
l/s from 

(top) 
to 

(bottom) 
from 
(top) 

to 
(bottom) 

1.1. Drilling for conductor casing ∅ 426 mm:  
0 50 0 50 Drilling, reaming 

(wiper trip) 
rotary 1  65÷80 200 55.12 25÷30 

1.2. Drilling for surface casing Ø324 mm: 

45 52 45 52 Drilling cement 
plug, conductor 

shoe 

turbine 2 2÷5 - - 55.12 10÷15 

52 190 52 190 drilling turbine 3 5÷12 - - 55.12 35÷30 

190 480 190 480 drilling turbine 3 5÷12 - - 55.12 30÷25 

50 480 50 480 reaming (wiper 
trip) before 

lowering the 
surface casing, 
reaming before 

logging (in case of 
troubles) 

turbine 4 7÷10 - - 55.12 100÷120 
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1.3. Drilling for intermediate casing Ø 245 mm: 

470 482 470 482 Drilling cement 
plug, cementing 
throttle check 
valve, surface 
casing shoe 

turbine 5 2÷5 - - 50.53 10÷15 

482 505 482 505 drilling turbine 6 2÷10 - - 50.53 30÷35 

505 700 505 702 drilling turbine 6 2÷10 - - 50.53 25÷30 

700 1100 702 1175 drilling turbine 6 2÷10 - - 50.53 22÷25 

480 1100 480 1175 reaming (wiper 
trip) before 

lowering the 
intermediate 

casing, reaming 
before logging (in 
case of troubles) 

turbine 7 7÷10 - - 50.53 100÷120 

1.4. Drilling for production casing  ∅ 178  mm:  

1092 1102 1165 1177 Drilling cement 
plug, cementing 
throttle check 

valve, 
intermediate 
casing shoe 

turbine 8 2÷5 - - 34.45 10÷15 

1102 1350 1177 1486 drilling turbine 9 2÷10 - - 34.45 35÷45 

1350 1720 1486 1934 drilling turbine 9 2÷10 - - 34.45 30÷35 

1720 1990 1934 2218 drilling turbine 9 2÷10 - - 34.45 25÷30 

1990 2110 2218 2343 drilling turbine 9 2÷10 - - 34.45 20÷25 

1831 1854 2054 2077 Core sampling in 
1/10 of the well 

turbine 11 2÷5 - - 24.8 2÷4 

 turbine 11 2÷5 - - 24.8 2÷4 -״- 2290 2254 2060 2025

           
1100 2110 1175 2343 (wiper trip) before 

lowering the 
casing, reaming 

before logging (in 
case of troubles) 

turbine 10 7÷10 - - 34.45 100÷120 

1.5. Operations inside the production casing Ø178 mm: 

- 950 - 989 Drilling stage 
cementing device 

USC-178 

turbine 12 1÷3 - - 12÷18 0.5÷1 

 
Let us determine the type of drill pipes, their diameter and the type of tool joints:  

ddp = 0,5 220 = 110 mm, 
therefore, we select internal-external upset (IEU-127mm). 
Steel drill pipes IEU-127x9,19 with strength grade "D" meet the condition of a smooth transition from drill 

collar to drill string.   
Allowable setting depth of a string made of pipes with similar wall thickness: 

,                      (14) 

In which Qp – allowed tensile load, it is found according to the formula: 
                                       (15) 

where n – strength safety factor (1.3 – value for normal drilling conditions 1.35 – for complicated); 
Qult = 1.15 MN – ultimate load; 
Ffr = 33.4 cm2 = 3340 mm2 – area of section; 

; 

K=1.15 – coefficient taking into account the influence of friction forces, inertion and resistance to movement 
of drilling mud; 

 – the weight of 100 meters of drill collar 172x49; 
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Ρdm = 1.05 g/cm3 – density of drilling mud for lower intervals; 
ρм = 7.85 g/cm3  - density of drill pipe material; 

                                                                                                                                                                        (16) 

where l = 12.5 m -  pipe length; 
q1 = 29 kg - mass of 1 m of plain pipe; 
q2 = 7 kg – weight of upset ends; 
q3 = 65 kg – weight of one tool joint.    

 

Fch = 92.6 cm2=0.00926 m2 – area of pipe flow channel; 
Ро = 7 MPa – maximum pressure difference in 5LZ 172 D x 7.0 LL; 
Рn = 5 MPa – pressure difference on the bit. 
Calculation of maximum setting depth for casing string: 

 
These drill pipes are suitable because the drilled depth of the well will be 2343 m. 
Drill string length: 

                                                                               (17) 
. 

Weight of drill pipes will be: 
 ,                                                                          (18) 

 
Drilling for the conductor, surface casing and production casing is planned to make by means of Russian drill 

pipes with a diameter of 127 mm and wall thickness of 9ю19 mm made of steel "L" (GOST 50278-92 or TR 14-
161-219-2004), and drill collars with a diameter of 203 mm, 178 mm according to TR 51-744-77 (Elbakian et 
al., 2018).  

  

Selection of drilling rig 
On the base of the calculations mentioned above, to drill a well with a depth of 2343 m, we need to take 75 m 

of drill collars and 2268 m of drill pipes with strength grade "L" and wall thickness of 9.19 mm. 
Weight of steel drill pipes:  
Weight of the whole drill string:  
Weight of production string: 0.91940MN 
According to oil and gas industry safety rules and regulations, the drilling rig is selected according to 

allowable hook load: the most weighted drill string or casing string should not exceed this value. The safety 
factor for drill string is 0,6; for casing string – 0,9. In our case, the biggest weight has the casing string - 0,91940 
MN. Applying safety factor 0.9, we get a hook load of 1,02156 MN. On the base of that, we select a drilling rig 
from GOST 16293-89. In our case, it is a drilling rig of 4 grade BU-3200/200 EK_BM. 

 
Drilling muds 

Since the well section consists of sandstone and clay packs, liable to loss of stability with a decrease in back 
pressure, sticking during a long shutdown of the well during drilling. But there are no areas with anomaly high 
reservoir pressures in the well, and there are no high temperatures, so it is most reasonable to use a clay 
bentonite solution for drilling a well under such conditions. To avoid complications while drilling wells, we 
introduce stabilizing reagents to maintain the required mud parameters. 

  
Substantiation of the density of applied drilling muds 

The density of drilling muds for intervals of compatible drilling conditions is calculated from the condition of 
saving stability of rocks. As for intervals with high-pressure layers, mud density should be selected to create 
sufficient hydrostatic pressure on the bottom by the mud column and prevent reservoir fluids from entering in 
borehole:                 
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;                                                                 (19) 
where  
Drilling mud density for each interval: 

 
ρcond =  

ρsurf.cas =  

ρprod1 =  

ρprod2 =  
 
For the interval from 0 to 1200 m hydrostatic pressure, created by drilling mud column, should be at least 

10% higher than reservoir (pore) pressure. Reservoir pressure in this interval is normal (anomaly ratio is Ка = 
1.00).  

Consequently, drilling mud density in mentioned interval should be at least 1.10 g/cm3. What is more, 
hydrostatic pressure can exceed reservoir pressure by 15 kgf/cm2. To provide stability of borehole walls, the 
designed density of drilling mud for conductor and surface casing is 1.16-1.18 g/cm3, for the intermediate casing 
– 1.20 g/cm3. These values were set, taking into account penetration of PK1 layer and experience of drilling in 
similar conditions. 

For drilling intervals from 1200 m to the target depth, hydrostatic pressure of the drilling mud column should 
be at least 5% higher than reservoir pressure, but the difference should not exceed 25 - 30 kgf/cm2. 

Reservoir pressure in this interval is normal (Ка = 1.00). 
Thus, for drilling in the interval of 1200 – 2110 m, the density of drilling mud should be at least 1,05 g/cm3, 

but in view of the interval of compatible drilling conditions (1100 - 2110 m), mud density should be at least 1,10 
g/cm3. Drilling mud density, accepted in the project of drilling for production casing, is 1.10 - 1.13 g/cm3 (Tables 
5, 6).  

The overbalance applied to borehole walls does not exceed the allowable value (maximum allowable mud 
density for J2-6 layer – 1.15 g/cm3).  

 
Table 5. Types and parameters of drilling muds 

 
Drilling 
mud type 

Interval, m Drilling mud parameters  
densi
ty, 
g/cm
3 

relati
ve 
visco
sity, 
s 

fluid 
loss, 
cm3/ 
30 
min 

filter 
cake 
thick
ness, 
mm 

static shear 
stress, 
qPa 
after 

рН plasti
c 
visco
sity, 
mPa·
s 

Dynam
ic 
shear 
stress, 
qPa 
 

sand 
conte
nt, 
% 

mud 
filtrate 
salinity 
,g/l 

temper
ature 
on the 
inlet, 
degree
s 

vertical drilled 

from 
(top) 

to 
(bott
om) 

from 
(top) 

to 
(bott
om) 

1 
minut
e 

10 
min
utes 

1. Drilling for conductor ∅ 426 mm: 
Polymer-
clay mud 

0 50 0 50 1.16-
1.18 

55-80 6 1.5-1 35-40 70-
100 

8-9 35-45 30-55 befor
e 1.5-
2 

0.2 8-10 

2. Drilling for surface casing ∅ 324 mm: 
Polymer-
clay mud 

50 480 50 480 1.16-
1.18 

55-80 6 1.5-1 35-40 70-
100 

8-9 35-45 30-55 befor
e 1.5-
2 

0.2 8-10 

3. Drilling for intermediate casing ∅ 245 mm: 
Polymer-
clay mud 

480 1100 480 1175 1.20 30-35 6 1.0 15-20 30-
35 

8-9 20-24 25-35 befor
e 1.0-
1.5 

before 
1.5-3.0 

 

4. Drilling for production casing ∅ 178 mm: 

Polymer-
carbonate 
mud 

1100 2110 1175 2343 1.10-
1.13 

Parameters of polymer-carbonate mud (PCM)  are shown in Table 6  
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Table 6. Total consumption of drilling mud components 
 

 
Summary 

 
The technology of drilling slant exploitation well in the oilfield of Western Siberia has been studied. 

Development of well construction has taken into account the next geological features of the section: permafrost 
rocks occur to the depth of 260 m, and iciness also takes place. Well construction is selected on the base of 
intervals of incompatible drilling conditions. The designed profile includes several intervals: one vertical 
interval, one zenith angle buildup section, two hold sections and one zenith angle drop section. A check 
calculation of the setting depth of the intermediate casing for the condition of preventing hydraulic fracturing of 
rocks near the shoe was carried out, and the safety factor of rocks for hydraulic fracturing was found. Drill pipes 
calculation includes determination of their length and diameter as well as allowable setting depth for drill pipes. 
This article demonstrates drilling methods, borehole under-reaming methods and the main parameters for the 
performance of technological operations of directional drilling. A drilling rig has been selected according to the 
allowable hook load. The density of the used drilling muds has been substantiated for the intervals of compatible 
drilling conditions, types and parameters of muds. 

 
 

 
 

 
 

References 
 

Andrusyak, J., Grydzhuk, A., Dzhus, I., Steliga, A. (2017). Developing a method for the assessment of axial load 
in arbitrary cross-sections of the column of pumping rods, Eastern-European Journal of Enterprise 
Technologies, vol. 1, no. 7, pp. 32-37, 2017. DOI:10.15587/17294061.2017.92860 

Baranov, M., Božek, P., Prajová, V., Ivanova, I., Novokshonov, D., Korshunov. A. (2017). Constructing and 
calculating of multistage sucker rod string according to reduced stress. Acta Montanistica Slovaca, vol. 22, 
no. 2, pp. 107-115, 2017 

Bozek, P., Lozhkin, A., Gorbushin, A. (2016). Geometrical method for increasing precision of machine building 

Component name Component consumption, t 
Name of the casing string Total for well 

conductor surface casing intermediate casing production casing 
Modified bentonite 
powder (PBMA) 

20.000  24.940          6.950             — 51.890 

KMC-600,700  0.050  0.344          0.278             — 0.672 
Sodium carbonate 
Na2СO3  

0.127   0.484          0.359            0.099          1.069 

FK-2000  — 0.172          0.208             — 0.380 
Pentor-2001  — 0.043          0.069              0.112 
Kem-Pas   — — 0.208 — 0.208 
Poly-Kem-D   — — 0.069             — 0.069 
Barite (UBPM-1) 
q=4,25 г/см3   

— — 15.290             — 15.290 

NTP — — 0.021              0.021 
Duo-Vis    — — — 0.712          0.712 
Hibtrol — — — 1.775          1.775          
Poly Pac UL   — — — 1.051          1.051          
Poly Pac R   — — — 0.771          0.771          
Defoam-x (anti-
foaming agent)   

— — — 0.105          0.105          

Kla Cure   — — — 0.245          0.245          
Drill Free  — — — 0.444          0.444          
M-I-Cide   — — — 0.491          0.491          
"Lo-Wate" (CaCO3, F)  — — — 26.774         26.774         

"Lo-Wate" (CaCO3, 
M)  

— — — 9.800          9.800          

NaOH  — — 0.771          0.771          



Tanyana IVANOVA et al. / Acta Montanistica Slovaca, Volume 27 (2022), Number 2, 417-429 
 

429 

parts. In Procedia Engineering: International Conference on Manufacturing Engineering and Materials, 
ICMEM 2016, 6. - 10. June 2016, Nový Smokovec, Slovakia. Vol. 149. International Conference on 
Manufacturing Engineering and Materials, ICMEM 2016, 6. - 10. June 2016, Nový Smokovec, Slovakia, 
(2016), online, pp. 576-580.  

Dodok, T., Čuboňová, N., Kuric, I. (2017). Workshop programming as a part of technological preparation of 
production. Advances in science and technology-research journal. Vol. 11 (1), pp. 111-116, DOI 
10.12913/22998624/66504, 2017 

Dzhus, R., Rachkevych, A., Andrusyak, I., Rachkevych, O., Hryhoruk, S., Kasatkin, A. (2020). Evaluation the 
stress-strain state of pumping equipment in the curvilinear sections of the wells” Management Systems in 
Production Engineering, 2020, Vol. 28, pp. 189-195 DOI 10.2478/mspe-2020-0028 

Elbakian, A., Sentyakov, B., Bozek, P., Kuric, I., Sentyakov, K. (2018). Automated separation of basalt fiber and 
other earth resources by the means of acoustic vibrations. In Acta Montanistica Slovaca. Vol. 23, no. 3 
(2018), pp. 271-281. Figiel, A., Klačková, I. (2020). Safety requirements for mining complexes controlled 
in automatic mode. Acta Montanistica Slovaca 2020, Vol. 25 (3), ISSN 1335-1788, DOI 
10.46544/AMS.v25i3.13, 20204 

Ivanova, T., Baranov, M., Bozek, P., Korshunov, A. (2018). Design, technical and technological solutions 
increasing the productivity of downhole pumping equipment. Jaroměř, CzechRepublic: Ing. Jan Kudláček.  

Ivanova, T., Korshunov, A.,  Koretckiy, V. (2018). Dual Completion Petroleum Production Engineering for 
Several Oil Formations Management Systems in Production Engineering. 26 4 217–221  
DOI: https://doi.org/10.1515/mspe-2018-0035 

Kuric, I., Klačková, I., Domnina, K., Stenchlák, V., Sága, M. jr. (2022). Implementation of Predictive Models in 
Industrial Machines with Proposed Automatic Adaptation Algorithm, APPLIED SCIENCES – BASEL. 
Vol. 12 (4), Article No. 1853, ISSN 2076-3417, DOI.org/10.3390/app12041853, 2022 

Kuric, I., Klačková, I., Nikitin, Y.R., Zajačko, I., Císar, M., Tucki, K. (2021). Analysis of diagnostic methods 
and energy of production systems drives. Processes. Vol. 9, Article No. 843, DOI.org/10.3390/pr9050843, 
2021 

Kuric, I., Tlach, V., Císar, M., Ságová, Z., Zajačko, I. (2020). Examination of industrial robot performance 
parameters utilizing machine tool diagnostic methods. International Journal of Advanced Robotic Systems. 
Vol. 17 (1), pp. 1-11, DOI: 10.1177/1729881420905723, 2020 

Lao, L., Zhou, H., (2016). Application and effect of buoyancy on sucker rod string dynamics, Journal of 
Petroleum Science and Engineering, vol. 146, pp. 264-271, 2016. DOI: 10.1016/j.petrol.2016.04.029 

Moroz, L., Uhrynovskyi, A., Popovych, V., Busko, B., Kogut, G., (2020). Effectiveness research of physical and 
chemical methods appfication for oil recovery enhancing using the asp for the strutynsky oil field 
conditions. Management Systems in Production Engineering, 2020, Vol. 28, Issue 2, pp. 104-111. DOI 
10.2478/mspe-2020-0016 

Saga, M., Blatnicka, M., Blatnicky, M., Dizo, J., Gerlici, J. (2020). Research of the Fatigue Life of Welded 
Joints of High Strength Steel S960 QL Created Using Laser and Electron Beams, Materials, Vol.13 (11), 
Article No. 2539, DOI 10.3390/ma13112539, 2020 

Saga, M., Blatnicky M., Vasko, M., Dizo, J., Kopas, P., Gerlici, J. (2020). Experimental Determination of the 
Manson-Coffin Curves for an Original Unconventional Vehicle Frame, Materials, Vol.13 (20), Article No. 
4675, DOI 10.3390/ma13204675, 2020 

Saga, M., Vasko, M., Pechac, P. (2014). Chosen numerical algorithms for interval finite element analysis. 
Modelling of Mechanical and Mechatronic Systems, MMaMS 2014, Vysoké Tatry, Slovakia, 25-27 nov. 
2014, Procedia Engineering, Vol. 96, pp. 400-409, DOI 10.1016/j.proeng.2014.12.109, 2014 

Sága, M., Bulej, V., Čuboňová, N., Kuric, I., Eberth, M., Virgala, I. (2020). Case study: Performance analysis 
and development of robotized screwing application with integrated vision sensing system for automotive 
industry. International journal of advanced robotic systems, Vol. 17 (3), 2020 

Savenok, O.V., Povarova, L.V., Kusov, G.V. (2020). Application of superdeep drilling technology for study of 
the earth crust. IOP Conference Series: Earth and Environmental Science. 2020. pp. 052-066. 

https://content.sciendo.com/search?f_0=author&q_0=Tanyana+Nikolaevna+Ivanova
mailto:Aleksandr%20Ivanovich%20Korshunov
mailto:Vladimir%20Pavlovich%20Koretckiy
https://doi.org/10.1515/mspe-2018-0035
https://elibrary.ru/item.asp?id=42700050
https://elibrary.ru/item.asp?id=42700050

	directional well, drilling, borehole profile, well construction, drilling rig
	Introduction
	Organization of the Text

	Selection of drilling rig
	References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /SKY <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



