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RISK ASSESSMENT OF
PACKED HOLEASSEMBLIES
FOR ROTARY WELL DRILLING

Abstract: The main elements of the statistical model of packed hole assemblies (PHA)
design for drilling holding sections in conditions of information uncertainty are formal-
ized and described. A constraint system has been given for the angle maintenance condi-
tions of wellbore direction and dynamic stability of bottom hole assembly (BHA) lateral
vibrations.

The influence of the information uncertainty of some factors (angle, parameters of
the drilling practice, presence of local caverns, etc.) on risk indicators has been analyzed
according to the results of the numerical calculations. It has been determined that the risks
of angle maintenance disturbance are significantly influenced by the angle and weight on
the bit (WOB), and dynamic stability conditions, such as angle and rotation frequency.

Risks of multi-supported BHAs which have been designed for conditions of minimiz-
ing bit side force, dynamic stability and include 4-6 stabilizers.

Keywords: information uncertainty, bottom hole assembly (BHA), holding section, stabi-
lizer, risks, statistical decision-making model, static and dynamic characteristics
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1. Introduction

Improving the efficiency of the drilling of oil and gas wells
requires an integrated approach regarding the choice of
technological solutions aimed at ensuring the design
parameters and quality of the trajectory, preventing
complications and accidents, achieving high technical
and economic indicators, etc. In this aspect, one of the
important technological solutions is the design of bot-
tom hole assemblies (BHA). The trajectory of the well
with maintained angle and shape of well cross-sectionin
the form of a circle are considered to be one of the most
basic requirements of high-quality casing cementing [1].

2. BHA selection model

Currently in engineering practice BHA design for drilling
holding sections is substantiated mainly on the basis of
the analysis of static solutions of differential equations of
elastic axis equilibrium of drilling string bottom, usually
for a plane design scheme [2-5]. Considerable attention
is paid to the investigation and design of multi-supported
PHA taking into account lateral vibrations and dynamic
stability of the drilling string bottom [5-7].

An important direction for BHA design is the use of
decision-making models with a flexible choice of optimal-
ity criterion and taking into account information uncer-
tainty about input data (angle, parameters of the drilling
practice, presence of local caverns, etc.) [8, 9]. The meth-
ods of BHA multicriteria efficiency estimation for static
and dynamic characteristics are being developed [9] which
are determined by technological requirements and the
need for field data about the influence of drilling practice
on wellbore quality in appropriate well drilling conditions.

In general, the design of PHA is carried out by taking
into account the multifunctional requirements that deter-
mine BHA effectiveness depending on technical, techno-
logical and natural factors. Since the number of factors
affecting the angle maintenance and drilling parameters
are random, BHA design in some of their class 9 should
be justified by a statistical decision-making model [9]:

{R(pv,c") —min, ve Y, p* €D’ M

o(p")<0

where:
R(p", ¢¥) - arisk vi"BHAof class of 3 layouts,
p'=(p),p)s ... p})" - the vector of variable parameter
of the v?" BHA with the definition
area DY,
¢’ =(c}, ¢}y ... ¢¥)" — the vector of known parameters,
¢@(p") - the constraints system for the
BHA parameters.
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The system defines limitations on drilling practice
parameters, geometric parameters and stiffness of the
BHA elements, their static and dynamic characteristics
in order to ensure the efficiency and quality of well
drilling. The latter constraints are built on the basis of
the field data analysis in similar drilling conditions [9].

The model (1) with constraint system @(p*) allows
a multicriteria assessment of BHA variants and takes
into account the information uncertainty of some
parameters (angle, drilling practice parameters, pres-
ence of local caverns, etc.). The presence of local cav-
erns is simulated by the absence of contact of one (and
arbitrary) stabilizers with the wellbore wall. For given
geological and technical conditions, alternative variants
class § is formed depending on the structural features,
geometrical and technical parameters, number and
placement of the BHA elements.

Risk function R(p", ¢") indicates the probability of
violating the constraint system for static and dynamic
BHA characteristics due to inaccurate information of
the decision-making model (1).

Static characteristics include bit side force F,,
inclination angle y of bit axis to well axis, reaction R,
on stabilizers, contact point coordinate L of drill collar
(DC) with wellbore wall and dynamic characteristics -
natural frequency, amplitude-frequency characteristics,
and others [2-11]. The risks of BHA alternative variants
are estimated using the method of statistical simulation
(Monte Carlo).

It should be noted that risk management depends
on the formalization of the BHA designing task (1),
namely, the specification of the constraints system
@(p"), set of permissible alternatives, information
uncertainty, etc. Let us consider some of the results of
the risk assessment of PHA with full-gauged stabilizers
for flat calculation scheme [5, 7] and conditions of angle
maintain, dynamic stability.

For the wellbore angle maintenance condition, bit
side force F, limitation will be used:

(F)* - [F,]*<0 (2)
where [F,] is the permissible value of bit side force. The
fulfillment of dynamic stability condition for lateral

vibrations which are generated by bit operation is given
in the form of [5, 7]:

—=|<1 (3)

where a, a . are amplitude of lateral displacements on
the bit and at the random BHA coordinate from the bit
to the contact point DC with wellbore wall respectively
and a, . = a, only on the bit.
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It should be noted that the static characteristics
should include the limitation of stabilizer reactions and
contact point DC with wellbore wall [2-5, 7]. Condi-
tion (3) determines BHA ability to damp lateral vibra-
tions which are generated by the drill bit on the borehole
bottom. This has a positive effect on drill bit performance.

Risk analysis of PHAs, designed according algo-
rithm [10] for rotary drilling of vertical and inclined
sections by three-cone and PDC bits in order to mini-
mize bit side force and provide dynamic stability (3), was
carried out taking into account an influence of different
factors (angle, drilling practice, presence of local caverns,
etc.) both separately and in combination. The latter used
the methods of numerical experiments planning.

In Monte Carlo methods, the simulation of con-
tinuous random variables was performed as statistically
independent for normal or uniform laws of probability
distribution. The presence of local caverns was modeled
as a discrete random variable with a uniform distribu-
tion of probabilities.

BHA risks were estimated for conditions (2) and (3)
(according r and r,), and their conjunction r, A r, and
disjunction r_ v r,. This information is useful for deci-
sion making. The calculation was performed using
ANSYS Mechanical APDL [12] and software [5].

The analysis of the research results shows that infor-
mation uncertainty has a significant impact on the BHA
risk indicators. The increase in the power of uncertainty
intervals contributes to a rise in risk indicators. The risk
of a violation of wellbore angle maintenance (2) is sig-
nificantly influenced by angle o. and weight on the bit G
while the conditions of BHA dynamic stability (3) are
influenced by angle and bit rotation frequency.

Stabilizers in models for the evaluation of character-
istics are presented in the form of point support with their
fixed location (in the center of the support). Obviously, this
inadequately describes the interaction of stabilizers with
the wellbore wall. Structural features of stabilizers, in con-
junction with local wellbore defects, admit the uncertain-
ty in the traditional task of evaluating static and dynamic
BHA characteristics in given drilling conditions [9].

The influence of the calibration surface length of sta-
bilizers on the risk indicators of the designed multi-sup-
ported PHA for drilling of inclined sections has been
studied. It was found that increasing the calibration of the
surface length of the first (from the bit) stabilizer leads to
an increase in the risk index (due to the violation of the
angle maintenance condition), while changes in the cali-
bration of the surface length of the other stabilizers does
not have a significant effect on the risk indicators.

During drilling due to wear, there is a decrease in
the stabilizer’s diameter and an increase in the clearance
between the stabilizer and the wellbore wall. This con-
tributes to the longitudinal bending of a drill string bot-
tom and changes its characteristics. The effect of stabilizer

wear on the characteristics of designed multi-supported
PHA according to model (1) for drilling vertical and
inclined well sections has been investigated. Admissi-
ble stabilizer wear was constructed to provide the angle
maintenance condition (for the first stabilizer from a bit
8, = 0). It has been established that permissible wear of
stabilizers does not affect the BHA dynamical stability.

Three-cone and PDC bits have different frequen-
cies of perturbing oscillations, so under other identi-
cal conditions, BHAs with these bits can differ only in
dynamic characteristics.

The presence of local caverns leads to the contact
absence of an arbitrary stabilizer with wellbore wall causing
changes in the BHA characteristics. In some cases, changes
in characteristics can be significant from the point of view
of the limitation system implementation (2) and (3).

Risk study and analysis of multi-supported PHAs
shows that the assessment of their effectiveness can be
based on the static and dynamic characteristics research
for specific drilling conditions in accordance with the
decision-making model (1).

3. Example of PHA selection

Consider the PHA design for output data: drill bit
diameter 295.3 mm; angle o =17° weight on the bit
170-190 kN; bit rotation frequency ® = 70-90min™;
drilling fluid density 1170 kg/m?* DC 203 mm (80 mm
inner diameter) length [ . = 150 m; stabilizers contact
surface length [ = 600 mm.

To ensure the angle maintenance condition (2),
the limit of bit side force is accepted [F,] = 1.4 kN. PHA
must meet the dynamic stability condition (3) for three-
cone and PDC bits. Local cavern formations are possi-
ble during drilling, therefore BHA must meet (2) and
(3) conditions in the case of one (any) stabilizer contact
absence with wellbore wall.

Alternative PHAs variants are proposed according
to conditions (2) and (3) which include four (A), five
(B) and six (C) full-gauged stabilizers. Their geometri-
cal characteristics are shown in Table 1.

Table 1. Geometric characteristics of BHAs

Coordinates of stabilizers [m]
PHA
X, x, X, x, x, x,
A 2.0 7.0 12.0 22.0 - -
B 1.3 2.8 11.0 11.0 16.0 -
C 1.3 2.5 5.5 8.5 11.0 14.0

The risk indexes of alternative variants were built
by statistical method of inaccurate information. The
angle was modeled as a normal random variable with
a mathematical expectation of m_= 17° and mean square
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deviation of 6 = 1°. The parameters of drilling practice
and the coordinates of stabilizer contact points with the
wellbore wall were modeled as uniformly distributed
random variables in the given range of their changes (for
points of contact x, + 1/2). Local caverns were modeled
by the absence of one stabilizer contact with the wellbore
wall as a uniformly distributed discrete random variable.
The number of statistical experiments was 100.

Table 2 presents the results of PHA characteristics and
risks: static characteristics - mean (F,, R, L) and variances
(o2, 62, 6}); dynamic characteristics - the boundary values
max|a, /a,| for three-cone and PDC bits; risks — index val-
ues (r, 7,1 A7, Vv 1) for three-cone and PDC bits.

In Figure 1, PHA static and dynamic characteris-
tics for three-cone bits are shown with 4 and 5 stabiliz-

ers (one of which does not have contact with the well-
bore wall) based on statistical simulation results.

Static characteristics reflect the elastic axis shape
(ratio of lateral displacement to radial clearance
between DC and wellbore wall) from bit to contact
point DC with wellbore wall and bit side force, reaction
on stabilizers (see Fig. 1a, c)

Dynamic characteristics reflect the distribution of
ratios of lateral displacement amplitude for drill string
bottom (see Fig. 1b, d). Thus, in particular, for the
numerical experiment data in Figure 1b PHA is dynam-
ically unstable (increases the lateral vibrations that are
generated by drill bit performance on the bottom hole),
and for the data in Figure 1d PHA is dynamically stable
(reduces lateral vibrations that are generated by the bit).

Table 2. Assessments of characteristics and risks of BHA

BHA
Indexes " | B | C
Static characteristics
FB/ o7, kN / kN? 1.37/0.942 0.87/0.186 0.20/0.024
R /o2, kN/KN? 4.60 /7.088 2.80/2.982 1.53/0.416
R,/ o2, kN /KN? 6.00 / 4.663 6.27 /15309 1.54/0.618
R,/ o2, kN /KN? 5.59 / 49.598 7.07/9.694 4.02/10.115
R,/ o2, kN /kN? 13.65 / 0.359 10.31/18.562 11.86 / 34.291
ﬁs / 61325’ kN / kN? - 16.75/3.121 20.36/ 16.887
R/ Gég, kN / kN? - - 22.02/8.788
L/c},m/m’ 33.97/14.816 29.44 ] 3.895 28.72 / 1.416
Dynamic characteristics
max|a,. /a,| | 1.0-37.1/1.0-113 [  1.0-12.7/10 1.0/ 1.0
Risks
r 0.39 0.09 0
r, 0.34/0.14 0.07/0 0/0
AT, 0.22/0.01 0.02/0 0/0
VT, 0.52/0.53 0.14/0.09 0/0

Note: For dynamic characteristics and risk indicators, the numerator indicates the use of three cone bits, and the denominator — the PDC bits
a) b)
) d)

Fig. 1. PHA static (g, ¢) and dynamic (b, d) characteristics for three-cone bits with four (a, b) and five stabilizers (c, d):
a, b - second stabilizer does not have contact with the wellbore wall (G = 174 kN; ® = 76.8 min™'; o = 17.2 deg);
¢, d - fifth stabilizer does not have contact with the wellbore wall (G = 173 kN; @ = 75.1 min™}; o = 16.8 deg)
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Modeling of the results of the analysis of charac-
teristics shows that for PHAs with a greater number
of stabilizers, the values dispersion indicators of static
characteristics and upper boundaries of dynamic indi-
ces are reduced. In particular, PHA B with PDC bits and
C with three-cone and PDC bits are dynamically stable.

The simulation results (see Tab. 2) point to high
risk ratios for variant A using a three-cone bit (r, = 0.39,
r,=0.34,7 Ar,=0.22,r vr,=0.52), which indicates the
inappropriateness of using this PHA. It should be noted
that the risk indicator for PDC bits is somewhat low-
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er (r, = 0.14), but the risk indicators combination for
conditions of wellbore angle maintenance and dynamic
stability (r, v r, = 0.53) is similar to three-cone bits.

Variant B is characterized by low risk ratios, and
for variant C, the risk indicators are zero. It is obvious
that these variants can be recommended for use.

Based on the results of statistical simulations, point
diagrams of wellbore angle maintenance are shown in
Figure 2a, ¢, e) and dynamic stability (Fig. 2b, d, f) for
alternative PHA variants in coordinates angle — weight
on the bit and angle - drill bit rotation frequency.

b)
95
£90
g P ge * :n . .
£ 85 o L S
=] O P 'S
g o ° LX) °
g 80 oo & °
& eqe *°°, P B
275 ° H e o a0
.
.‘E R 0. « P . ® K1) o "
E 70 =
65
14 15 16 17 18 19 20 21
Angle, deg
* BHA dynamic stability
© Violation of BHA dynamic stability
e Conjunction of dynamic stability and stabilization conditions
d)
95
~ %0 “e o%ee o
£ o Q
L]
E';gs O O ° :' L] ... L]
g e, o oo ° o
3 - @ L% o o ®
£ 80 . * -
& - %0 ° Ces, ®
g o, o . o® o
= 75 oo A
S ° * 072
é % N ° R
70 *le ® ..' o | °
65
14 15 16 17 18 19 20 21
Angle, deg
f)
95
. 90 oo MO
= ° PRCIR S Q
£ s * e .« " J
>'§8' 09 .. { ®e *.r o
H] . S o . °
o °® . = .
250 °
g S e 3 .
& e ® [%e %,
= ° o %@ .
-; 75 G —— e
g o« 9
= . ¢ o': ‘e '.’ ©
70 . ’ .
65
14 15 16 17 18 19 20 21
Angle, deg

Fig. 2. Diagrams of angle maintenance (a, ¢, e) and dynamic stability conditions of PHA (b, d, f) with four (a, b), five (c, d)
and six (e, f) stabilizers
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Diagrams illustrate the distribution of risk indica-
tors for PHA variants due to information uncertainty
for three-cone bits.

4. Conclusions

Based on field data about wells quality, a statistical
model for PHA design in conditions of information
uncertainty (angle, drilling practice parameters, contact
point of stabilizer with wellbore wall, presence of local
caverns etc.) was substantiated. An optimal variant

search is carried out by statistical simulation in a cer-
tain class of multi-supported PHA to minimize the risk
in the model (1).

The influence of information uncertainty has been
analyzed and the directions for the management of
BHA risk indicators has been noted. According to the
results of the characteristic statistical simulation of PHA
alternative variants, including four, five and six stabiliz-
ers, the influence of some factors on the risk indicators
for the conditions of wellbore angle maintenance and the
dynamic stability of drill string bottom have been shown.
The increase in the number of stabilizers and their loca-
tion according to the model (1) reduces BHA risks.

References

[1] Bulatov A.L: The concept of quality of oil and gas wells drilled. Drilling and Oil, no. 12, 2015, pp. 15-19.
[2] Woods H., Lubinski A.: Curvature of wells during drilling. HTTI, Moscow 1960.
[3] Griguletsky V.G., Lukyanov V.T.: Designing the bottom-hole assembly. Nedra, Moscow 1990.

(4]
(5]
(6]

(7]
(8]

(9]
(10]

(11]

(12]

Chen D.CK., Wu M.: Maximizing drilling performance with state-of-the-art BHA program, [in:] SPE/TADC
Drilling Conference. Society of Petroleum Engineers, February 2007.

Myslyuk M.A., Novikov V.D., Ovsiannikov A.S., Liakh V.V, Stefurak R.L: Calculation of stabilized bottom hole
assemblies. Oil and Gas Industry, no. 1, 1996, pp. 17-19.

Bailey J.R., Biediger E.A.O., Gupta V., Ertas D., Elks W., Dupriest C.EE.: Drilling vibrations modeling and field
validation, [in:] IADC/SPE Drilling Conference. Society of Petroleum Engineers, March 2008.

Myslyuk M.A., Rybchych L., Yaremyichuk R.S.: Wells drilling: Directory, vol. 3. Interpress LTD, Kyiv 2004.
Myslyuk M.A.: Risk assessment of decision making in drilling. Construction of Oil and Gas Wells on Land and Sea,
no. 1, 2012, pp. 18-23.

Myslyuk M.A., Dolyk R.M.: Technological decision-making when drilling wells inclined sections. Construction of
Oil and Gas Wells on Land and Sea, no. 4, 2016, pp. 4-13.

Myslyuk M.A., Stefurak R.L, Rybchych LJ., Vasylyuk Yu.M.: Improving technology of three cone bit run for rotary
drilling of wells. OAO ,VNIIOENG’, Moscow.

Amorim D., Hanley C., Leite D.J.: BHA selection and parameter definition using vibration predictions of tware leads
to significant drilling performance improvements, [in:] SPE Latin America and Caribbean Petroleum Engineering
Conference. Mexico City, April 2012, Paper Number: SPE-152231-MS, https://doi.org/10.2118/152231-MS.
ANSYS Academic Research Mechanical APDL, Release 18.2.



	_Hlk528399198
	_Hlk528404458
	_Hlk529203115
	_Hlk529201331
	_Hlk529203128

