J
International

(3 N~

4

SPE/IADC SPE163518

Safely Exceeding Buckling Loads in Long Horizontal Wells: Case Study in
Shale Plays

S. Menand, DrillScan US Inc., D. C-K Chen, Hess Corporation

Copyright 2013, SPE/IADC Dirilling Conference and Exhibition
This paper was prepared for presentation at the SPE/IADC Drilling Conference and Exhibition held in Amsterdam, The Netherlands, 5-7 March 2013.

This paper was selected for presentation by an SPE/IADC program committee following review of information contained in an abstract submitted by the author(s). Contents of the paper have
not been reviewed by the Society of Petroleum Engineers or the International Association of Drilling Contractors and are subject to correction by the author(s). The material does not
necessarily reflect any position of the Society of Petroleum Engineers or the International Association of Drilling Contractors, its officers, or members. Electronic reproduction, distribution, or
storage of any part of this paper without the written consent of the Society of Petroleum Engineers or the International Association of Drilling Contractors is prohibited. Permission to
reproduce in print is restricted to an abstract of not more than 300 words; illustrations may not be copied. The abstract must contain conspicuous acknowledgment of SPE/IADC copyright.

Abstract

Drilling operations face several limits that intépsuncertainty and risks. Due to the deeper or/lxdyer wells, drilling

equipment is pushed to its mechanical and endurtimits. The general industry perception is thatewtdrill strings or

casing strings exceeding conventional helical ngktriteria, they cannot be operated safely inttbke as the risk of failure
or lock-up is too high. However, some theoretieaberimental, and field case studies have showtrttbalar may be run in
the hole even in a buckling state, within safe t&miThis paper shows a case study in long horitevels for which helical

buckling load has been exceeded without compromiia success of the operations.

Drilling data from Bakken field in North Dakota r&been gathered, analyzed and compared to an atidnt string
mechanics model that enables simultaneous calonlafi torque, drag, and buckling. A strong focus haen placed on the
comparison between conventional buckling criterid drill pipe or tubular bending stresses. Fieklhes supported by drill
string modeling suggest that the helical buckliogd has been exceeded during operation at somgolucalong the drill
string during slide drilling and liner running bwith bending stresses at an acceptable level. Hexyén rotary drilling,
buckling should be avoided because it will creatg vibrations. In this case study, the effect ol dtring dynamics is not
considered.

Introduction

Buckling occurs when the compressive load in alarbexceeds a critical value, beyond which the taibis no longer stable
and deforms into a sinusoidal or helical shape gtamed buckling). It is worth noting that thesetspecial shapes are a
particular case for a given situation. Dependingtenhole geometry, the shape of the buckled strihgs may take different
forms (Menand et al. 2009; Menand et al. 2008; Menat al. 2011). The sinusoidal buckling (first reoaf buckling)
corresponds to a tube that snaps into a sinussidgde and is sometimes called lateral bucklingisgaor two-dimensional
buckling. The helical buckling (second mode of Bingk) corresponds to a tube that snaps into a dledicape (spiral shape).
Lubinskiinitiated the first work dedicated to the bucklibghavior of pipes in oil well operatighubinski 1950; Lubinski
1961). Since then, many theoretical works and/qregrmental studies (see all references) have begalaped to better
understand and model the buckling phenomenon andk® into account the effects due to wellbore getoyn dog leg
severity, torque/torsion, tool-joint, friction, ardtation. The standard equation used to predietdbcurrence of helical
buckling in a straight deviated wellbore is given b

Elw sin(Inc
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The A number varies from 2.83 to 5.65 depending on thihnax and on the different assumptions made. In
conducting laboratory experiments and numericalyaea in a perfect horizontal well without rotatidvienand et al (2006)
and Thikonov et al (2006) found similar resultstba relationship betweekx and the deformed shape of the drill pipes:
close to 2.83 predicts the onset of the first hedixdA close to 5.65 predicts the full helical drill sigi deformation in a
perfect wellbore geometry (without rotation).



