International Conference “Transport and Storage of Hydrocarbons” IOP Publishing
IOP Conf. Series: Materials Science and Engineering 357 (2018) 012006 doi:10.1088/1757-899X/357/1/012006

Practical calibration of design data to technical capabilities of
horizontal directional drillingrig

SYu Toropov and V SToropov
IndustrialUniversity of Tyumen, 38 Volodarskogo St., Tyum625000, Russia

E-mail: vladimir.s.toropov@gmail.com

Abstract. In order to design more accurately trenchless pipglassages, a technique has been
developed for calculating the passage profile, dhase specific parameters of the horizontal
directional drilling rig, including the range of g&ible drilling angles and a list of compatible
drill pipe sets. The algorithm for calculating th@rameters of the trenchless passage profile is
shown in the paper. This algorithm is based onntaknto account the features of HDD
technology, namely, three different stages of petidn. The authors take into account that the
passage profile is formed at the first stage of@gs construction, that is, when drilling a pilot
well. The algorithm involves calculating the prefiby taking into account parameters of the
drill pipes used and angles of their deviation treédato each other during the pilot drilling.
This approach allows us to unambiguously calibthte designed profile for the HDD rig
capabilities and the auxiliary and navigation equépt used in the construction process.

1. Introduction

One of the criteria for choosing a drilling rig foonstructing a pipeline passage by the method of
horizontal directional drilling is the effort nesasy to pull a pipeline of a given diameter, takintp
account the properties of pipe material [1]. Theref in order to minimize energy costs for the
construction of the passage, it is necessary testigate the value of the effect of all factoreetfiing

the pipeline pulling process and the ability totcointhe pulling process [2].

For practical application of the results of thedstwof the dependence of the amount of force
needed to pull the pipeline on process parametessnecessary to calibrate the design data fer th
technical capabilities of the drilling rig.

In real construction conditions, the charactersstaf the HDD rig, by means of which the
construction of the pipeline passage is perfornsad, sufficiently restrict the design possibilitesd
cause certain difficulties in the implementationtloé technical project in full-scale conditions £3,
These parameters generally include not only theepaef the rig, but also the possible range of
drilling angles, as well as the properties of thé pipes that can be used with this HDD rig.

The solution of the problem of calibrating thearatidesign data to the characteristics of the rig
itself can greatly increase the accuracy of worlt amaximally approximate the working draft to the
data of the executive documentation for the facjbi.
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Figure 1. Well profile diagramA — spudding pointB — point of entry of the pulled pipeline into the
well; Ly, - borehole lengthy,; - length of the i-th drill pipet. - depth of the lower point of the
passage profilehyi - burial depth per one pipe.

From the point of view of practical application]adation of the well profile must be carried out
based on the geometric parameters of the drillspifged, i.e. the length and angle of deviatiomof t
adjacent drill pipes relative to each other [6hc® the length of the drill pipe is known and canst
and the deflection angles can be measured or sgkeif the design stage, the calculation made en th
basis of these parameters seems most approprjate [7

2. Materials and methods
Figure 1 shows a well profile schematically dividetb sections equal in length to the drill pipesd
in HDD rigs.

Earth's surface

Direction of drill

Figure 2. A fragment of the well profilel, 2, 3 — drill pipes;a, — angle of spuddingi,, a3 - angles
of deviation of drill pipe and3 from the horizontala,,, a,; - angles of deviation of drill pipesand
3 relative to the previous onkg; - drill pipe lengthhg1, hgr2, hars - vertical burial depth of the drill

pipe.

The maximum burial depth to the well axis is deddig H.... The axis of the well is taken as the
trajectory of the pipe movement.

A section equal in length to one drill pipe is detbbyly. The depth per one current drill pipe is
denoted byhg ;. The total well length i&y,.
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In accordance with the design scheme, drilling ésfggmed from right to left, and pulling,
respectively, is done in the opposite direction.

Figure 2 shows a fragment of the well profile perfed during the construction of an underground
passage. Due to deviation of current drill poeelative to previous drill pip& by angleag,, drill pipe
2, after completely entering the ground, will beibdrathy, relative to drill pipel, and so on.

Since the process of passage construction begthspilot drilling, let us calculate the geometric
parameters of the profile in a sequence from thet d spudding [8].

Api-n)

Figure 3. A fragment of the descending section of the bomrepobfile: 1 — current drill pipe2 —
previous drill pipe.

There can be three cases in the sequential catputatthe burial depth of drill pipes [9]:

1. Both the current and previous drill pipes ar¢hie descending section of the profile (see Figure
3).
2. Profile passing through the lowest point (siggife 4).
3. Both current and previous drill pipes are ia #scending section of the profile after passieg th
lowest point (see Figure 5).

Figure 4. Fragment of the well profile at the lowest point.

Thus, for the first drill pipe:
Ah = Dy (2)
whereay ) - angle of deviation of the first drill pipe rela to the horizon;

a, - angle of deviation of the drill mount from thertzon (angle of spudding).
And burial depthy; for the first drill pipe will be equal to:

hy, =1 [sina, 2)
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wherely. — one drill pipe length.

For subsequent drill pipes, the burial depth farext drill pipehg ; relative to the previous one is
found:

In the first case:

h,, =l [sina,, 3)
wherea; - angle of deviation of the current drill pipea&le to the horizon.
In the second and third cases:

hdri =y [Sinahi (4)
The minus sign in the formula indicates that thdl weofile bends in the second and third cases
toward the earth's surface, i.e. depth reduction.

Figure5. A fragment of the ascending section of the borepoddile.

Angle a;; in the three cases above can be found in diffevays.
In the first case:

Ay =)~y - (5)
In the second case:

Ay =0y =0y (6)
In the third case:

ay = ah(i—l) + api : (7)

Then the difference of elevation marks betweendtileng point and the current profile point will
be equal to:

AH =Y h, ®

wheren - number of drill pipes in the string.

During summation, the value dH will increase until the value ¢ is reached, and then it will
gradually decrease and at the point of exit to dhdace it will take a value that is equal to the
difference in the elevation marks of drilling poitand the exit point to surface B (see Fig.1).

To calculate pulling parameters, it is necessaryde the obtained values 4H in the reverse
order with reference to the corresponding drillggip10].

In case the well profile is given by a constantiadurve, which may be convenient, values of the
borehole bottom burial depth relative to the esarthirface depending on the current well profile can
be calculated as follows.

The maximum burial depth of the well profile is elehined as:
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Hmax = R: [El_Sir(%T_aij (9)

whereR; - radius of curvature of the well profile.

In case of curvature with a constant radius, th# pvefile will be described by the equation (see
Figure 6):

X’ +(AH -H, o, +R) =R’ (10)
wherex - horizontal coordinate.
For the convenience of calculations, let us asdinaiethe burial depth of the profile is indicated b
an increase idlH, and the exit to the day surface is indicated de@aease idlH.
The center of the imaginary circle describing thedlprofile is placed at poir®(0; Hpux - Re)-

Figure 6. A scheme for calculating the curve profile of alweéth a constant radiug? — center of the
imaginary circle of the radiug; L, — horizontal well profile length.

Then the burial depth to the current point of thafie will be equal to:

M=JR-x*+H__-R. (11)
This will be the burial depth of the current dglpe at this stage of the pilot well drilling [11].

3. Results and Discussion

If it is required to design a well profile of reged horizontal length,, and maximum burial depth
Hmax, then by selecting the angle of spudding fromrageaof possible values for a particular rig, it is
possible to calculate the radius of curvature eftibrehole profile at these parameters:

L,

R=—"7"t—
200{”—04,]
2

whereLy, - horizontal well profile length.

In (10), the current horizontal coordinate is dedadbyx. To find the current coordinate along the
curved well profile, let us determine the angleéhaf corresponding section of the profile:

(12)
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I-h
. ’E L, j | 7X
a, =arcsif— [—arcsil : (13)
2R, R,
Current coordinate along the well profile will be equal to:
L=Ra,. (14)

Thus, the current coordinate of the well profiledahe length of the drilling site along the day
surface were linked.

4. Conclusion
Studying the process of pipeline pulling into thellweannot be done without taking into account the
features of the technology [12]. The technologgioéctional drilling involves a cyclic movement of
the pipeline in the well due to the need to comsidy untwist drill pipes that come to the surface
when the drill string is pulled out by the rig [13]

Therefore, the entire technological process ofipgllis expediently divided into cycles. One cycle
is the movement of the pipeline and the drill gria the length of one drill pipe [14, 15].

The paper shows a practical method for increasiegatcuracy of designing a profile of a curved
well for a particular drilling rig with a specifiet of equipment and drill pipes.
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