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| Installation of the Gudrun platform on the

Norweglan continental shelf

The Gudrun platform, which was officially
opened on 18 August, is the first new Statoil-
operated platiorm on the Norwegian continental
shelf since Kristin in 2005.

(See also report on page OG 120)
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DRILLING

Analytical Research and Experimental Tests
on the Technology for Drilling Small Diameter
Channels with small Radius of Curvature

By I. LYAGOV, N. VASILEV, M. REICH and M. MEZZETTI"*

Abstract

This article presents a novel approach to
stimulate wells by using a slim short radius
directional BHA to drill small directional
wells from the production well into the reser-
voir. The hardware was designed, built and
tested on a test stand using concrete blocks
to represent the formation. The paper was
prepared in cooperation between the univer-
sities of St. Petersburg and Freiberg.

introduction

Maintaining production volume at a high
level involves the maximum use of the op-
portunities of each well. The application of
technologies of intensifying well productiv-
ity, such as hydraulic fracturing, acid treat-
ment, thermal stimulation, etc. is not always
possible due to a number of geological and
technological reasons. However, each of
these methods may have negative effects on
the reservoir propertics. The effectiveness of

these methods, the impact on the producing
zone is often limited by an insufTiciently re-
liable hydrodynamic connection between
the well and the producing formation, which
may be caused, for example by deterioration
of reservoir properties over time, the lack of
rock permeability, reservoir heterogeneity
or insufficient length of perforations [1].

A new technology, known as “Perfodrill”,
has been designed to increase the perfora-
tion production flow rates and increase the
capacity of injection wells (by increasing the
filtration area into the producing zone), re-
duce water cut (by reducing the drawdown),
as well as improving the turnaround time for
the well operation (by increasing the flow ef-
ficiency of the producing zone) [2].

Figure 1 shows a diagram with the possibili-
ties that could be achieved with the
Perfodrill technology for single and multiple
perforations.

In this article a short description of the
Perfodrill system will be given. Addition-

ally, the analytical and experimental re-
search as well as some of the improvements
to the Perfodrill bottom hole assembly
(BHA) after experiments on the special test
rig will be presented.

1 Development Description:
Design and Operation

The first stage of the technology involves the
casing removal in order to put the Perfodrill
equipment in place. The Perfodrill layout,
including a bit, an orientation tool, a whip-
stock and anchors for fixation, is shown in
Figure 2.

After installation of Perfodrill, a special gel is
injected into the well and then a cement plug
is placed where the casing used to be. This
plug is drilled through with the bit and then
the extra long channels can be drilled [1, 2, 3].
Perfodrill could be applied for drilling one-,
two-, or multiple well configurations. The de-
vice consists of the pushing device, coupled
with the overflow valve on
the top and at the bottom

formation

0 configuration arrangement of perforalion

prodaching stvg B

and positioned in the tube

Produchve

Perforation

productive zane

Producing Lenfice [
vy Projection of ‘ P
perforalon ‘ bit #58 mm ¢ o
» L
) e | | e PATE
[ 'l_perfarafion A '.'
well bore | inclinometer
(% | fautonomous)
; l stabilizer |
Radial projection of perfaration \ \ S
Fig.1  Arrangement of perforations and their radial i % / —
projection / z /‘ L

* Ilya Lyagov, Nikolai Vasilev, National Mineral Resources
University, St. Petersburg, Russia; Matthias Reich, Margari-
ta Mezzetti, TU Bergakademie Freiberg. Germany (E-mail:
Matthias. Reich@tbt-tu-freiberg.de).

’6179-3187/14/]11 ‘
| © 2014 URBAN-VERLAG Hamburg/Wien GmbH |

0G 124

s

Fig.2  Perfodrill layout
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3 / tive displacement motor

with a 4 to 8° bent housing
angle and the bit (Fig. 2).
At the bottom the Perfodrill
is connected to a whipstock
with an angle of 4 to 11 °.
The anchor works as a sup-
port at the bottom of the
hole [2]. The Perfodrill
specifications are  pre-
sented in Table 1.
In the compact layout,
Perfodrill offers the possi-
bility of multi-shot posi-
tion surveys (autonomous
action principle), the mea-
suring system can be in-
cluded in the BHA. The
use of the system offers a
variety of operational ad-
vantages:
— Production rate or in-
jection capacity resp. is
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DRILLING

Table 1 Perfodrill specifications

Bit diameter 56-58 mm
Borehole deviation 5-9m
Borehole diameter 140 mm
Perforation length

(in the first stage of the project) 10-15m
The number of perforation channels

on a single layer upto4
Radius of curvature 5-13m
Build rate 2.8-5.5°/m
BHA length (layout assembly) 35-43m
Whipstock angle 4-11°
WOB (weight on bit) 600-800 kg
Flow Rate

(Triplex Pump 03.01 PT-50D2) 1.5-2 Vs
Torque on the

PDM D-43.5\6.42.010 70-110 Nm
Engine speed 90~-180 rpm
Pressure drop in the system 4-8 MPa
Axial load on the bit 2-6 kKN

increased due to the larger effective filtra-
tion area
— The water cut is reduced duc to the reduced
differential pressure during production
— Reducing the deterioration rate of the res-
ervoir properties increases the service life
of wells.
The Perfodrill system was developed on the
basis of RF patents No. 2213195, 2213197,
2124125, 2147699 and 2284402. Tt has
passed field tests and therefore it can pro-
vide technical reference that includes more
basic operational and technical characteris-

Fig.3 Diagram of the forces acting on an inclined BHA

overall length of 2 m and is positioned with
a given inclination.

Prior to running the strength analysis in
ANSYS, it is required to perform a static
strength analysis. The finite element method
(FEM) in ANSYS allows solving a wide
range of physical problems mathematically
formulated as a system of differential equa-
tions. This method can be used for the analy-
sis of the stress state in complex structures.
Before working with ANSYS, it is necessary
to study the elastic stress condition layout of
the positive displacement motor (PDM) in an
inclined hole section, as shown in Figure 3.
The differential equation of the bent axis of
the Perfodrill system (according to the three
moment theorem [4, 5]) will have the fol-
lowing form:

3" stage:
d’y,
By I 22 = Py, 4 Q-(, +1y+x,)
3
—R-(l,+x,) +ql L, +qlx,
12 12 AZ
+q'7’ + q'z»z +qlx, + 9%
(3)
with:

P axial load on the bit, P = 6000 N

[¢] deflecting force, N

E 1, perfodrill bending stiffness,

aq, the transverse component of the perfodrill
components weight per unit length, NVim

R the reaction of the borehole wall, N

*n suffix indicating the section in the BHA

the distance from the bit to the stabilizer, m

tics compared to other technologies known 1% stage: /5 distance from stabilizer to the connection, m
to be used in the producing zone [1, 2, 3]. d%y ¥? I3 the distance from the top connection to the
E-l,-—5= -P-y+Q~x+q'— (1) flexible tube, point of contact with the bore-h
dx 2 ole wall, m.
2 Analytical Research of the 2" stage: The following boundary conditions are used
Perfodrill BHA dy for egs. (1) through (3)
A three dimensional model of the Perfodrill ~ E,-7,-—=t=—-P-y, +0-(/, +x,) - R-x, ol Brni=T
BHA was developed with the software pack- dx] &2 IE H e
age ANSYS. The model of the BHA has an + ‘1123_. + 9?— +qdx, (2) ifx,=l,theny,=r,
= [T =
| ‘ ;‘ / |
| | | |
| B4 of periacril with stotizer f Bt of pertodll i stleer |

bendng mament M Nm
bendng moment M Nm

; Vi
SN 1

T dstoce fro fhe b m \L

@

! I

— P=6000 N bend angle 457 # stabiizer 55 mm distonce from the bt 1 m
— P=6000 N bend angle 457 # stabilizer 56 mm disfance from the bt Q7 m
—P=6000 N bend angle 457 @ stanizer 57 mn, distance fram the i 81 m

Tre dstome fram fe 87 m

— P=6000 K bend angle 457 # stavlizer 55 mm dstance from the bif 0571 m
— P=5000 N bend angle 457 # sfabMzer 56 mm dsiance from the Bt G571 m
=P=6000 N bend angle 45, # siabiizer 57 mm distonce from the bi G571m

Fig.4 Bending moment, distance from the bit to the stabilizer: 0.1 m
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Fig.5 Bending moment, distance from the bit to the stabilizer: 0.571 m
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T
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Fig.6

ifx,=0, theny,=r,

ifx,=0andifx,=1, tien 21 D2
dx,  dx,
ifx,=landx,=0, theny,=y,
ifx, = 0and ifx, =1, then 22 = P2
ifx,=l,,then%=0 - ‘
dX3
ifx, =/, theny,=r,
2
ifx, = 1, then 223 =
} dx;

where:

r,  the apparent radius of the well, m.

In the resulting calculations, the bending
moment curves acting on the perforations of
the layout were obtained (Figs. 4-6).
Further calculations were made using a
BHA model with a stabilizer of 57 mm di-
ameter, which is located at a distance from
the bit of 0.1 m. It can clearly be seen in Fig-
ure 4 that the magnitude of the bending mo-
ment is lower than in the other cases.
Having determined the loads on the BHA
during operation, the modeling can begin
with the program ANSYS by applying finite
element methods. After the model creation,
the BHA materials were specified (main
tools according to materials specified by
VNIIBT, steel 40 XN according to GOST
4543-71 and hard material inserts WC — 8
Co according to GOST 25395-90). Also, the
BHA was meshed into finite elements, and
the fixation points specified as well as the
acting forces from the calculations. The
safety factor can be evaluated in ANSYS ac-
cording to two theories of strength. For this
model, the maximum equivalent stress ap-
proach was used. It was found, that for the
BHA the safety factor is always greater than
1, as shown in Figure 7. Equivalent von Mises
stress on the PDM is shown in Figure 8.

It can therefore be concluded that the BHA
withstands the stresses and strains occurring
during operation.
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Bending moment, distance from the bit to the stabilizer: 1.283 m

100,00

Fig.7 Safety Factor (contingency factor)

pushing device ({
horizontal version of
the Perfodrill comf
sisting of the top and
bottom (no anchor
sections. The adap-
ter includes diail
gauges to measure
the pressure and the
axial load. Figure 10
shows the drilling
process of the sixth
channel [3]. |
The rotary unit and
hydro-mechanical J
power loader devic
operate as follows
when moving th
pusher tube by han
to its highest posi

Fig.8 Equivalent PDM rotor stress

3 Description of the Perfodrill
Test Rig

Test experiments of the Perfodrill system
were conducted with one stabilizer installed
in the position as shown in Figure 4. The spe-
cial experimental set-up that was used to test
the system is shown in Figure 9.

This set-up allows testing the function of the

tion, the thickene

part is mechanicall
pushed out of the hydro-fixing device (di
ferential piston on the chamfered portion o
the Perfodrill guide). It then hits the othe
end of the piston with the smaller diamete
section in the slot trap housing. The fixatior
of the BHA in the body takes place with a ro
tation of 45° while maintaining limited
movement up to 70 mm. Within this proces

¥4

4

3 4

Fig.9 Test stand components: 1-perfodrill, 2-positive displacement motor (PDM) D-43, 3-bit, 4—con-
crete block (1.8 m x 1.8 m x 1.6 m), 5-linear actuator drive mechanism, 6-linear actuator, 7-trol-
ley, 8-frame, 9-drilling fluid container, 10-high-pressure hose, 11-electric gear pump, 12-pipe
line for drilling fluid, 13-dynamometer, 14-guide adapter
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Fig. 10 Test rig for drilling perforation channels

Impregnated bit

After drilling more
than 10 channels in a
concrete block (2 m

length each), the
BHA  was  dis-
mounted and a visual

inspection of its ba-
sic components was
performed. Further

penetration into the rock or formation zone,
showed the best results.

Milling out of a production string with 8 mm |
wall thickness with a diameter of 146 mm
(Fig. 12), and drilling a lateral hole in the
concrete block, was performed with a drill-
ing rate of 0.4-0.5 m/h with axial loads of
0.2-0.3 kN and pump pressures of 5-7 MPa.

4 Evaluation of the Test
Experiments

After the tests some wear was found on spe-
cific components of the BHA, especially on
certain components of the bearing section.
Theoretical investigations were therefore
made to find ways to reduce the loads on the
tool.
Using a special software at the TU
Bergakademie Freiberg revealed that a fully
stabilized Perfodrill BHA with two stabiliz-
ers would reduce the loads on the sctup.
The optimum stabilizer placement was
found to be as shown in Figure 13. Two stabi-
lizers with 56 mm diameter each are in-

analysis

showed that

S e

there was no

Bit POL-56

Fig. 11 Test bits of different sizes

other connected components are also ro-
tated. The pushrod tube acts autonomously.
As the axial advance mechanism moves
down under the influence of pressure, the
thick part of the differential piston is forced
out along the inclined section towards the
guiding slot. Then the tube pusher completes
rotation for another 45 degrees. Under
downhole conditions, it provides spacing of
each additional channel with a turn of the
Perfodrill body with a 90 © deflector.

Fig. 12 Side view of the milling operation in
casing
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significant
wear on the
bit and on
other Perfodrill components.

In the next stage of the experiments

the milling properties of different
Perfodrill bits were investigated. For
this purpose, the appropriate bits
were manufactured in the USPTU
(Ufa) laboratory (Fig. 11), as well as
a deflecting tool with different an-
gles. A pump station with a triplex
pump (1.3 PT-50D2, maximum ca-
pacity of 2 I/s) was included in the

test rig. The maximum cutting rate

achieved in the concrete block was
12 m/h with a bit type PDC-56 run
with a flow rate of 1.8-2.0 I/s and a
pressure in the pipe of 7 MPa [6].

For milling, the DI-56 bits (Fig. 11)
with impregnated pieces of hard ma-

Program interface for calculating the directional

terials of VC-6 and VC-7 (according  Fig.13
to GOST 25395-90), for shock-free batiavior:of & directionsl saior ot s, glven geomelry
9/ a 4
Ry
/4

T

X

I 4

Y

-1
‘J-,{L-L

s

- | X \

Fig. 14 Loads on the Perfodrill BHA with two stabilizers in a curved channel
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stalled at distances
of 057m and
1.48 m resp. from
the bit. As a result, it
was determined that
the radius of curva-
ture to be drilled will

e

be 7.7 m.
The loads on the as-

\BHA with two siabilizers

o

sembly in the bore- 3 T 7 ;

hole were calculated (i

using the three-mo- *E z /\ ,[

ment theorem equa- S / ‘ \

tion, see Figure 14 = | —
[4, 51. § ' \/ &

At this stage it needs | ,

to be mentioned that il ;

the loads generated The distance from the bif, m

by the deflecting -4 : =

force Q change ac- — 6000 N bend angle 45 ¢ statlizer 56 mm,

cording to the skew-
ing angles, when de-
termining the trans-
verse component of

distance fram the oif 057 m and 1480 m

— P-6000 N bend angle 45 # stabilizer 56 mm and 55 mm
distance from the bit Q57 m and 1480 m

the weight per unit
length, as shown in
the Figure 14. The
problem can be fur-
ther solved, in a similar way including all
boundary conditions. The bending moment
on the bit is assumed to be zero.

Solving the problem with MathCAD allows
plotting the bending moments (Fig. 15) and
comparing them with those previously ob-
tained. It can be concluded that the use of
BHA with two stabilizers raises the reliabil-
ity of the drilling equipment and its service
life.

Fig. 15

Conclusions

1 Using the Perfodrill technology it was pos-
sible to drill long perforation channels (for
the first stage of the project 10-15 m long)
of small diameter (5658 mm) and with a
radius of curvature of 5 to 13 m on the pre-
dicted trajectory.

2 During the experiments on the test rig,
channels were drilled with different types
of bits, thus evaluating the possibility of
working with different combinations of
tools in the BHA.

3 Analytically it was determined that the
highest equipment reliability for the
Perfodrill is achieved by a BHA with two
stabilizers.
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