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Analysis of cross-sectional shapes of borehole
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Abstract. The studies are known to indicate the effect of the shape of a bore-hole cross-section
on the results of the explosion including elliptical, square, triangular cross-sectional shapes as
well as bore-holes with stress raisers applied to their side surfaces. The parameters of the
indicated shapes can affect not only the process of crushing by explosion, but also the design of
the drilling tool. Therefore, it is necessary to carry out generalization of the parameters of the
cross-sectional shapes, and the article proposes criteria for estimating the shapes of the cross-
section of a cavity completely filled with an elongated charge of an explosive. The criteria are
considered from the point of view of the effectiveness of the explosive impact on the rock and
can be used to create and justify the design of the drilling tool. The analysis is made of the
geometric shapes of the cross sections of the explosion cavity using examples of biangular,
triangular, and quadri-angular shapes. The specific value of the criteria can be determined for
the existing designs of the drilling tool. The interrelations of the considered criteria are shown.

1. Introduction

The conventional form of the cross section of a well is the circular shape obtained by rotation of the
tool since the transfer of mechanical energy to the face can occur both by creating an axial force and
torque. The creation of a cavity in rock with a non-circular cross section is possible both without the
rotation of the tool [1] and with its rotation.

One of the main tasks on the way to increasing the effectiveness of the explosion is to reduce the
over-grinding of the rock near the explosion cavity [2, 3]; at this, the feature of its geometric
parameters is important [4].

Along with the change in the location and shape of the charge within the boundaries of the circular
cross-section, the usage of elongated charges with explosive that fill in the cavity with a non-circular
cross section affects the results of explosive shattering of the rock. In particular, the results of
theoretical and experimental studies on the effect of charges with a stress raiser applied to the wall of
the bore-hole are known [5-8], showing the effect of the cross-sectional shape on the result of the
explosion. Thus, it is possible to distinguish significant parameters of the cross-section of an elongated
cavity (well or borehole), such as a shape and its elements that create stress raisers.

2. Materialsand methods

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 022004 doi:10.1088/1755-1315/87/2/022004

The peculiarity of the action of the charge whesmshape of a cavity does not have pronounced angles
of conjugation of its walls, such as, for example,elliptical shape, is based on the differencthén
lengths of its small and larger axes; while theufiadty of the action of the charge when the shape
a cavity has pronounced angles of conjugationsofvalls, is determined, in addition, by the presenc
of stress raiser. The increase in the differencéhénlengths of the axes of the cavity in the cross
section leads to an increase in the degree ofrdiftes from the circular cross section and promates
increase in the concentration of tensile strestmsgdonger axes. And a decrease in the angle of
conjugation of its walls contributes to a localre®se in the concentration of tensile stressesinear

The change in the shape of the cross-section oxtposion cavity filled with explosive material
leads to a change in the amount or volume of tipdosive material per unit area of the side surfafce
the explosion cavity. Such effect of changing thape of the cross-section can be estimated relative
to the circular cross section, provided that thtume of the explosion cavity is equal, which is
equivalent to the condition of equality of theiloss-sectional areas. With the same cross-sectional
area and an equal amount of explosive, it is ptes$i obtain a different area of the side surface
affected by this amount of explosive.

Thus, as indicators which characterize the infleeofcthe shape of the cavity cross-section on the
shattering process due to explosion, it is suggdstéake into account the difference in the leagth
its axes in the cross section, the presence aretigeuf the stress raisers in the form of the argfi
conjugation of its walls and an increase in thearkthe side surface of the cavity upon transitmn
the non-circular form of its cross-section.

It is suggested to use the following criteria asedsn quantity.

1. The relative range of the radii of the cavity:

F%ernaX anln, (1)
Rmay
where R..x — the maximum radius of the circumscribed circuenfiee of the cavity cross-section
(Fig. 1);
Rmin — the minimum radius of the inscribed circumferentthe cavity cross-section (Fig.1).

2. The angle of conjugation of the cavity wallgFig. 1).
3. Increase in the area of the cavity side surféce,

Sz(L—lJEIlOO : (2)
Lo

where L — perimeter of the contour of the non-dacgross-section of the cavity;

Lo — perimeter of the contour of the circular crgsstion with the area equal to the area of the
non-circular cross-section of the cavity.

These criteria can be used for any shape of cexdos.

3. Results& Discussion

In using stress raisers created with the help oomaand shallow slots made on the side surface of
circular cavity cross-section, the values of theeda R,, S are insignificant. If the conjugations of the
walls of the cavity form angles, for example, i ttase of a triangular, square cross-sectionakshap
the process of explosion crushing is affected byhal above-mentioned criteria, and when drilling,
the process of creating such shape coincides hétfiarmation of a stress raiser.

In roller drilling, it is possible to ensure thentgth of the contact line of rock cutting elementtw
the borehole bottom variable by the angle of rotatiTo do this, the cone bits must have a variable
length of the generating lines of their circulanioal surface (Fig. 2), and therefore their rollaigng
the face will result in the reproduction of theitedof the bore-hole with a length that is dependen
the angle of rotation, forming a cross-sectionalpghin the form of a regular figure (Fig. 3).
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Figure 1. The parameters of the cross-sectional shape @ldmgated cavity.
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Figure 3. Versions of cross-section shapes of a borehole—1with two directions R and
convex sides; 2.1 — with three directiong,/and convex sides; 2.2 — with three directiopgxR
and straight sides; 2.3 — with three directiongsRnd concave sides; 3.1 — with four directions
Rmax @and convex sides; 3.2 — with four directiong,Rand straight sides; 3.3 — with four
directions R, and concave sides.

In Tables 1-3, the values of the criteria for slhsipethe form of regular figures are considerece Th
variant of the shape in the form of a circle in [Bshl-3 is presented as the limiting case of tlapsh
when the angle of conjugation of the walls is flat.
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Table 1. Criteria for cross-sectional shape with two di@t$ Rnax

Criteria
Version of the _ Angle of Increase in
cross-section  Maximum Relative walls the area of
shape as per Fig. radius Rux  range of radii conjugati  the cavity
3 R, one, side surface
degree S, %
circumference Rn 0 180 0
Convex sides Rynin t0 00 0tol 0 to 180 0 te

(Figures 1, 1.1)

Table 2. Criteria for cross-sectional shape with threedio®s R,ax

Criteria
Version of the _ _ Angle of  Increase in
cross-section r“;'gﬁ;n%m Relative ~ walls  the area of
shape ax  range of radii conjugati  the cavity
R, one, side surface
degree S, %
circumference Ruin 0 180 0
Convex sides R to Ry, 0t005 gpoto180 O1t028.6
(Figures 3, 2.1)
Straight sides 2Ry 0.5 28.6
(Figures 3, 2.2) " 60
Concave sides 2R . tow 0.5t0 1 0to60  28.6 tow

(Figures 3, 2.3)

Table 3. Criteria for cross-sectional shape with four dii@Ts Rnax

Criteria
Version of the ) Angle of  Increase in
cross-section Maximum Relative walls the area of
radiusRmax f radii i ti h ;
shape range of radii conjugati  the cavity
R, ong, side surface
degree S %
circumference Ruin 0 180 0
Convex sides Ruin 90
(Figures 3, 3.1)  to 1.41Run 0100293 10 0W0128
Straight sides .
(Figures 3, 3.2) 1.41Ruin 0.293 90 12.8
Concave sides 1.41Ruin
(Figures 3, 3.3) 0.0 0.293to 1 0to 90 12.8to
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4. Conclusion

There is a correlation between the criteria inadases considered with the correct forms of theseros
section. An increase in the relative range pfeRds to a decrease in the argte conjugation of the
walls of the borehole and to an increase in tha af¢he side surface of the cavity. The transjtfon
example, from the square cross-sectional shagettriangular one with convex sides can provide the
same values of the angieof conjugation of the walls of the bore-hole oe telative range R The
value of the angle can be reduced without a significant decreashérr¢lative range fand the area

of the side surface of the cavity. In addition, tfeues of these criteria depend on the number of
directions R..x Of the cross-section of the explosion cavity (8ables 1-3). The precise determination
of the criteria relationships is not consideredhiis paper, because this relationship depends oy ma
variants of the shapes of the lines making the Bartias of the cavity cross-section provided by the
specific design of the drilling tool.

The shape of the non-circular cross-section oettosion cavity affects the design of the drilling
tool that can create the corresponding cavity i@ tbck, competing with a tool for drilling a
conventional circular cross-section of wells orsblaoles. The criteria for the shape of the cross-
section allow one to quantify the obtained shapenfthe point of effectiveness of the explosion
action.

The proposed criteria can also be used for a raattf analysis of the designs of the drilling tool
taking into account the shape of the cross sectidhe explosion cavity created by it for shattgrin
the rock, as well as for consideration of the dffet the mode and power parameters of the drilling
process, which are interrelated with oscillatinggasses taking place both in the rock [9] and én th
structure of the drilling tool and machine thatits turn affects the strength of the elements efrth
structure [10-12].
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