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Abstract 
North Sea fields continue to benefit from improvements in 
PDC bit and rotary steerable technology. There are, however, 
ongoing issues in these fields relating to very hard inter-bedded 
formations that result in stick-slip, bit and bottom hole 
assembly (BHA) wear, shocks / vibration, tool failures, and 
short run lengths. 

Rotary steerable systems (RSS) are essential to drill the 
challenging well paths. Push-the-bit RSS tools were first 
employed along with early versions of point-the-bit systems; all 
suffered premature tool failures due to tool wear and extreme 
shocks and vibration attributable to excessive stick-slip. Tool 
and BHA modifications to increase ruggedness, have led to 
longer runs and reduced shocks / vibrations in the harsh drilling 
environments. 

PDC bits are uti lized and there has been an evolution in cutter 
technology and bit design. The PDC cutters have higher wear 
resistance and are able to dri ll fonnations that were previously 
not PDC drillable. Bit designs evolved as RSS tools have 
changed: point vs. push-the-bit systems. The new point-the-bit 
systems require modifications to bit gauge designs. High stick­
slip and vibration are the main constraints to performance but 
are greatly reduced by designing the bit to complement the 
RSS. 

This paper will build on previously published data showing 
how modifications to bit designs (based on the steering 
characteristics of RSS tools), and modifications to operating 
parameters of the RSS tools (based on the characteristics of 
PDC bits) have been brought together for the first time to yield 
a s ignificant improvement in drilling performance. Results 
from initial test runs in one field were then incorporated in the 
plans for another field yielding similar improvements in 
performance. 

This paper will offer both the specific details of how the 
integration of the bit and RSS characteristics was achieved in 
this example as well as more generic principles for wider 
application. 

Introduction 
BHA and bit technologies have progressed out of necessity due 
to spiraling drilling costs in the orth Sea. Tool failures and 
short run lengths are all too common in the hard, abrasive and 
inter bedded formations found in orth Sea fields. These 
fail ures and short run lengths are often a result of stick-slip 
along with shocks and vibration. 

In order to understand how stick-slip, shocks and vibrations are 
generated, and their location in the drilling assembly, both bi t 
and BHA need to be considered. Shock / vibration monitoring 
sensors are incorporated in the BHA to measure and locate 
lateral, torsional, and axial shocks / vibration. Drill bit design 
with inherent stabi lity is a primary focus of bit manufacturers. 

Redesigning and enhancing specific BHA and bit 
characteristics can then achieve performance improvements. 
integrating BHA and bits has yielded substantial 
improvements, which are discussed later in this paper. These 
physical improvements along with optimizing operational 
practices are further minimizing stick-slip, shocks/ vibration. 

Within this paper, specific details on BHA progression 
followed by bit progression are presented. Evidence of findings 
is then supported by case studies demonstrating successful bit 
and BHA integration. Areas for future development are then 
covered along with conclusions. 

BHA Progression 
Point-the-bit and push-the-bit RSS tools from all service 
providers have been utilized in the Beryl area. Directional well 
d ifficulty is always increasing in brownfield applications such 
as Beryl due to the small number of available slots and ever 
decreasing target sizes. It is widely recognized that to match 
this increased drilling difficulty, it is essential that BHA 
strategy, tool design, and bit selection must be continuously 
improved in order for the wells to remain financially viable 
drilling options. 

Schlumberger is the current directional drilling, MWD and 
L WO contract holder, initially providing push-the-bit systems 
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duiing the d rilling of 8-W' sections. improvements over 
previous systems have resulted; with regard to drilling 
performance (feet dri lled against circulating hour), this has 
been further improved with the introduction of a point-the-bit 
system. 

The BHA design was continuously modified and improved 
us ing an integrated approach of analyzing the problems 
encountered, in both real-time and post well, with evaluation of 
all available performance data. Real-time downhole data was 
used to adjust drill ing parameters in an effort to mitigate or 
reduce shock levels and avoid compromising BHA longevity. 
The first steps in this process were to evaluate the dri ll ing 
dynamics. The chart (Appendix l - Drilling Dynamics) was 
taken from well 860; at this stage, detailed shock / vibration 
data was not being fully uti lized. 

The basic shock measurements gave an indication that the BHA 
and bit were under-going severe loadings. There were periods 
of good ROP where directional response was maintained, 
highlighting that BHA and bit functionality was improved over 
previous runs. More analysis of the dynamics was required, so 
a 4-axis shock cartridge was run in conjunction with the 
standard MWD / LWD tools. This provided shock and 
vibration data including shock peaks, shock risk over 50g, axial 
shocks, lateral shocks, torsionall shocks and stick-slip 
variations. The increased number of measurements (Appendix 
2 - Drilling Dynamics: Push-the-bit System, Beryl Area) 
highlights the high levels of torsional shocks and medium to 
high-level stick-slip. 

Increased loads are the result of fonnations encountered while 
drilling hard and abrasive inter-bedded zones'12>. The Tertiary, 
Cretaceous, Jurassic, and Triassic sands and shales are of 
medium compressive strengths (5,000-20,000 psi), but they are 
inter-bedded with multiple high compressive strength limestone 
stringers (up to 80,000 psi) including some with pyrite nodules. 
A detailed description of Beryl area statigraphy is included in 
Appendix 3. These hard inter-bedded stringers have resulted in 
excessively high wear in the tools along with vibration-induced 
failures. Simple BHA modifications included the introduction 
of roll ing contact points (roller reamers) in the upper BHA and 
stabilizers to reduce the amount of lateral movement. At the 
same time, redesign of the bias unit (pushing element) was 
carried out. This included redesign of the retention system and 
introduction of different metallurgy for specific components. 

Detailed analysis was earned out both onshore and offshore 
using the No Drilling Surprises* (NOS) service in conjunction 
with ExxonMobil** drilling engineers at the wellsite<3). By 
having the same people analyze the data that were planning 
wens and visiting the wen site, a continuous closed loop input 
and evaluation was carried out. The NOS service was 
introduced to the project during the initial evaluation of the 
rough drining problems encountered. 

The next step was the provision of the point-the-bit system 
which is specifically designed for tougher drilling 
environments making it more suitable for the Beryl area. 
Further bit enhancements and BHA modifications had an 
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immediate impact on the damaging torsional shock, which were 
reduced to a manageable low level (Appendix 4 - middle 
chart). 

Following on from improvements to the dynamic environment, 
several steps were taken to reduce stick-slip. The drilling 
parameters have been continuously evaluated, and the use of 
high RPM (>200) had a significant effect on stick-slip with no 
adverse effect on lateral shocks. This is illustrated in Appendix 
5 (Diilling Dynamics: Point-the-bit System, Increased RPM). 
There is a direct correlation with the offset well as detailed i11 
case study 2. 

Bit Progression 
Formations such as the Maureen (a sequence of Tertiary marls 
with hard interbedded limestone stri11gers) have traditionally 
been non-PDC dri llable. By utilizing Thennostable PDC 
cutlers, bits have become more abrasion and wear resistant, and 
the Maureen is now routinely dri lled wilh PDC bits. Previously, 
heavy set bits with high blade counts (>7) and a high density of 
small PDC cutters were used. Now, 6 blades and 16mm cutters 
are in the basic bit design. This gives the required point loading 
to breakdown the formation while stin maintaining the 
durability to give an extended run length<45>. 

The first bits used were 8-bladed, I 6mm and 13mm cutter 
designs. The observed stick-slip was difficult to mitigate; 
reduced weight on bit (WOB) to combat stick-s lip a lso limited 
the ROP, and level 3 shocks were recorded on RSS systems and 
MWD tools. The dull conditions indicated there was adequate 
durability in this design and that an 8 bladed design was not 
necessary for these applications. 

The decision to drop two blades and move to a 6-bladed design 
was taken for the following rea~ons: 

• A more aggressive cutting structure results in less torque 
for a given WOB. 

• Increased aggression requires less weight to achieve an 
acceptable depth of cut and hence ROP allowing stable 
drilling with reduced stick-slip (Figure l below). 

WOB 

. . . . . . 
Stick-Slip •• / • •• Backward 

\ Whirl 
## ~-... · ' • 

••• • • • Stable Drilling • • •. 

················· ... ····· .. .,,_ 
• • Forward Whirl __ ,, .. 

RPM 

Figure 1 - Stable Drilling: WOB vs. RPM 

The 6-bladed, 16mm design with an active cutting structure at 
gauge was selected and run on a push-the-bit system. This bit 
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had new generation Thennostable PDC primary cutters and 
non-planar interface backup cutters. A consequence of this first 
configuration was the bit returning a dull of 1-4-WT-T-X-JN­
CT-TD after drilling 3,609 ft at 87 ft/hr - an excellent 
perfonnance in tenns of ROP and durability. Wear flat 
development on the shoulder may have contributed to shocks 
towards TD. 

The wear on the shoulder was a concern so Thennostable PDC 
cutters were used for both the primary and backup cutters on 
the next run. The expectation was that a more even wear 
pattern would be observed and sharper cutters requiring less 
weight would initiate less stick-slip. 

This version drilled a similar interval (3,760 ft) and was dull 
graded 2-2-WT-A-X-lN-CT-PR. Reduced shocks and vibration 
were observed, though stick-slip and shocks were seen towards 
TD. This reduction in overall shocks was the result of slower 
development of wear flats which require the application of 
greater WOB lo maintain ROP. The more even wear pattern 
was observed as predicted (Figure 2 below). 
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Figure 2 - Wear Percentage vs. Radius 

A move to the point-the-bit system occurred at this time and 
required a different selection criterion. The active gauge set 
was not considered suitable, so a dual action gauge 
configuration was adopted (one that is selectively active or 
passive depending on tool settings). This was expected to 
deliver good directional control and drilling dynamics as a 
result of reduced torque at the bit gauge / wellbore interface. 
This bit design variant then drilled 3,305 ft and was pulled for 
an undergauge stabilizer that was beginning to cause steering 
problems. lt was dull graded 1-2-CT-N/S-X-IN-WT/ER-BHA. 
Stick-slip was observed within the i;nterval dri lled, but the use 
of equipment to adjust surface torque reduced stick-slip and 
downhole vibration. 

Based on encouraging results with this bit design, it was 
proposed that a higher cutter back rake version would reduce 
stick-slip further by reducing torque fluctuations in interbedded 
formations. A theoretical reduction in rate of penetration (ROP) 
was anticipated due to the reduced cutter aggression. 
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This design variant drilled 2,825 ft at 34 ft/hr (versus 59 ft/hr 
with previous design). The bit did not generate significant 
shocks in the 83 hours drilling. Higher weight on bit (WOB) 
was required due to the less aggressive nature of the bit, and 
this resulted in increased stick-slip even though shocks were 
low. Due to this reduction in ROP, it was decided not to run 
this bit design again and to continue with the previous standard 
aggressive cutting structure. 

The next step of development was the introduction of a tapered­
gauge concept. This idea was born from the real ization that the 
point-the-bit system orientates the bit at an angle of 0.6 
degrees. A taper was applied to the gauge of the bit to exactly 
match this angle (Figu.re 3 below). 

Ar 

Figure 3 - 0.6 degree Taper 

Tapering the gauge avoids the frictional resistance produced in 
deviated drilling which can result in fluctuations in torque and 
instability. The tapered geometry ach ieves this by eliminating 
the impingement of the trailing edge of the gauge pad with the 
wellbore while maintaining dogleg capabilities of a standard 
design. 

These latest enhancements in drill bit design together with 
BHA improvements and a systematic approach to stick-slip and 
vibration management resulted in a step change in drilling 
perfom1ance. 

This performance improvement is the focus of the following 
case studies. 

BHA and Bit Integration: Case Studies 
CASE 1 
The first run of a tapered-gauge 8-!h'' PDC bit with a point-the­
bit system was on a platfonn well , 9/ 13a-B65z. The bit drilled 
out the shoe track and went on to drill the Maureen and 
Shetland fonnations (refer to Appendix 3 for fom1ation 
information) where a trip was planned to pick up LWD tools. 
This assembly drilled 4,192 ft of Maureen and Shetland 
fonnations in 4.19 days at an average of 138.8 ft/hr and was 
still drilling at 90 ft/hr before being pulled at the planned trip 
depth. 1t was graded 1-1-CT-T-X-ln-WT-BHA. During the run, 
stick-slip levels were significantly lower than previously 
observed. This was aided by the use of higher rotary speeds 
than had been used before (up to 200 RPM). 
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This perfonnance set a new 24-hour footage record for the 
Beryl area of 2,619 ft (higher than tile previous record of 1,543 
ft). A second record wa~ achieved: the average daily footage 
record over entire run of 1,001 ft/day. This included trips and 
broke the previous record which stood at an average of 906 
ft/day. 

The same tapered-gauge bit was re-run, drilling a further 277 ft 
at 36.8 ft/hr to TD the section. Overall, it drilled 4,469 ft at an 
average ROP of 118.4 ft/hr. 

CASE2 
Further evaluation of the tapered gauge 8-W' bit took place 
directly after Case I on a subsea well drilled with a semi­
submersible rig. The first assembly run used a non-tapered bit 
design with a point-the-bit system. This resulted in high stick­
slip, whirl and tool joint wear. Subsequent BHA modifications, 
in addition to the tapered-gauge bit design, included 15 stands 
of 5-1/2" drill pipe added to the bottom of the string of standard 
5" drillpipe and a second roller reamer. Both these 
modifications were to stiffen the assembly reducing whirl and 
stick-sl ip. The increase in drill pipe size has only been applied 
10 this well, hence the conditions !have not been repeated to 
allow further evaluation. 

The run drilled 2,277 ft of high compressive strength sandstone 
(Cormorant formation, refer to Appendix 3) at 392 ft/day. 
There was a 16% increase in ROP from the earlier run and had 
reduced stick-slip / BHA component wear (see Appendix 5 of 
stick-slip in 65 pilot hole in light blue vs. 65y production hole 
in pink). The bit was graded 2-4-WT-N-X-IN-NO-TD. This 
was the longest Connorant fonnation interval drilled in the 
Beryl area. 

Subsequent to Case Studies l and 2, this tapered-gauge bit 
design has been run as standard on a ll 8- Yi" holes involving the 
use of point-the-bit systems. The data collected shows that this 
bit has consistently produced lower vibrations. This has led to 
more uninterrupted on-bottom drilling time giving high ft/day 
average ROPs and leading to longer bit runs (less damage to bit 
and drilling assembly). The string bas been rotated up to 200 
RPM throughout the runs; this was not previously possible 
without inducing whirl. This high RPM has reduced stick-slip 
significantly. The following tabulated data (Figure 4) shows the 
signjficant stick-slip reduction achieved within the connorant 
fonnation: 

Stick Slip Run 1 Run 2 Run 3 

8 112" BIT TYPE Non Taper Non Taper Taper 

Run Avg Stick Slip 223 201 73 
SRPM 160 167 186 

Stick Slip Ratio 1.39 1.20 0.39 
Total Footage 2391 797 2277 
Average ROP 34.9 27.9 31.6 
Drive System Point bit Point bit Point bit 

Rig Torque Supressor Yes Yes No 

Figure 4 - Stick-Slip: Tapered Gauge vs. Non-Tapered 
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Next Steps 
Bit Related: The current tapered-gauge bit design in use has a 
1.75" gauge length. At time of writing, it is planned to evaluate 
a 2.5" tapered-gauge length bit design. If this proves successful 
then the gauge length may be further extended until an optimal 
length is found taking into account dogleg requirements. The 
longer gauge should help restrict the bit in the bole and further 
enhance bit stability. However, with the unique design of the 
specific point-the-bit system, it is uncertain whether or not a 
longer gauge wi ll improve stabi lity. ln addition, improved 
stability may be achieved by incorporating a ring of contact at 
the gauge. 

Previously a 4" gauge (non-tapered) bit design was run on the 
point-the-bit system however overall results in the Beryl area 
have shown higher reliability and steerability with shorter 
gauge length bits. Note: in other areas, longer gauge length bits 
have been run without issue. 

A limited number of runs have been carried out using a 
tapered-gauge bit design on a 12-Y-i" push-the-bit system. These 
runs have shown lower vibrations and improved drilling 
perfonnance. Further runs are needed to fully understand the 
interaction between the push-the-bit system and the tapered­
gauge bit design. The 12-W push-the-bit system applies a 
small tilt-angle to the bit when the tool is in biasing mode. It 
was proposed that applying a taper of a similar angle to the 
gauge pad of the bit would decrease the well bore contact at the 
rear of the pad, thereby reducing torque and lessening stick­
slip. It was suggested that this would promote more efficient 
drilling and increase ROP. 

Initial results have been encouraging showing improved 
stability, ROP, and durability of the bit. This was particularly 
clear once the data was analyzed by formation interval drilled. 
Evidence of this is presented in the fol lowing Figures 5-7: 

tM82 (66z) 116 NV\81 (66) A10 IW\81 (66x)A10 
Mflimjail """""" 

_, - - = -'="re Heimidl Mueen 

&.:k Sl!)A- O.!l5 1.32 0.74 0.61 1.(J'/ 1.21 0.87 0./lll 

A10S11d1Slip -22"/o .52% .a% ,35% .....,....., .. ,,. 
RnA<nlgo 1.12 O.ll! o.a:r 

Figure 5 - Stick-Slip Reduction Across Fonnations 
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Figure 6 - ROP Increase by Formation 



Ulterra Ex. 1036 
Page 5 of 9

IADC/SPE 98962 

Figure 7 - Bit Wear: Tapered Gauge vs. Non-Tapered 

A further area for improvement is the continued development 
of new generation, highly abrasive-resistant cutters. A 
significant further enhancement of Thermostable cutters has 
been achieved and is planned for use in future Beryl area 
drilling appl ications. Extending cutter life, in addition to 
reducing stick-slip by offsetting bit dulling, gives the 
opportunity to utilize more aggressive cutting structures and 
seek ROP gains. An area of future development of Lhe current 
bit design is the incorporation of further back-up cutters at the 
shoulder of the drill bit. Figure 8 c learly shows increased wear 
on the shoulder cutter where a back-up cutter was not present. 
This design modification, together with the use of the latest 
generation of Thermostable cutters, is expected to yield further 
gains in stability and longevity. 

.... two lips of ultra-wear resistant 

material are formed 

Figure 8 (Left) - Photograph Showing Increased Wear at the 
Location Without a Backup Cutter 

Figure 9 (Right) - New Thermostable PDC with Wrapped 
Configuration to Prolong Cutter Life 

As the drill bit and BHA design are fine-tuned to the specific 
demands of the application, there is an opportunity to analyze 
in detai l the stick-slip and other vibrations that are present at 
certain locations in the BHA using an advanced vibration 
measurement sub. The compact sensor is located in a sub and 
can be located in varied locations in the string. This records 3-
axis accelerations over the duration of a bit run which can be 
analyzed subsequently to correlate events at the sensor location 
with drilling events such as formation changes or changes in 
drilling parameters. A customized sub has been built for this 
purpose, and it is anticipated that the results from this will help 
to further understand the impact of drill bit and / or BHA 
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modifications on the management of stick-slip. The data from 
this tool is time-based, but can be correlated to depth. The 
following graph shows an example of a time-based output from 
a run showing a stick-slip event (See Appendix 6: Stick-Slip 
Indicator Data) 

BHA Related: Both push-the-bit and point-the-bit systems are 
still being used in the Beryl area; the key is when to apply each 
system. Point-the•bit systems in 8-W' hole sections have 
proven themselves able to achieve high, predictable, consistent 
doglegs in tough drilling environments with up to 12°/1 00ft 
doglegs. Future Beryl area wells have large step outs that may 
require rig upgrades. The modifications to the BHA include the 
successful recent trials of trajectory hold with a point-the-bit 
system. This will reduce the tortuosity in the wellbore by 
allowing the tool downhole to maintain a trajectory negating 
the need for some rig upgrades. This modification holds both 
inclination and azimuth, to within 1 degree of desired prolile as 
illustrated in the Figure I 0, taken from a trial on a recent 
platform well. 

tiold lhe Line 

1 
j.. 'I 

.---~-•,11•"""-I 
,. _ 1-11 .... ,~ 

"+------------~---------.-' ·- ·-
Figure IO - Trajectory Hold 

A combination of a high-torque positive-displacement mud 
motor placed directly above a rotary steerable system in the 
BHA is also being considered. This will allow rigs with RPM 
lim its to be able to achieve 300 bit RPM's while continuously 
steering. The positive displacement motor acts to de-couple the 
bit from the drillstring. ln addition, the higher RPM's (a~ 
illustrated on Figure I) can reduce stick-slip. 

Conclusions 
Progressive bit design and BHA enhancements in hard, 
abrasive, and interbedded fonnations, have been discussed. The 
case studies presented have demonstrated both reduced 
vibrations and stick-slip leading to record breaking ROP's and 
run lengths. This success is a combination of technological 
development, close analysis of real time data, and application 
of learnings. Another key element is the relentless optimization 
of drilling parameters with focus on stick-slip management 
carried out at the well site. 

This methodical approach to bit and BHA design will challenge 
the ultimate goal of a zero stick-slip environment. 
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Appendix 

I. Drilling Dynamics 
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2. Drilling Dynamics: Push-the-bit System, Beryl Area 
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3. Beryl Area Stratigraphy 
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4. Drilling Dynamics: Point-the-bit System, Beryl Area 

200 

IADC/SPE 98962 

0 ..-....1.R-""--'"-'W...~ µ..-'-'O-.J....._U..._...."4._..__.___._,_-'1--'--'"'-::.,._-""__.,4-'L!...a..LC&...LUI.J.JJ..IJ.a.-..W....C....J.L.I..Ll.!.JIJ._...___&.L,__.._-I--' 
GltOO 7400 7900 8400 

Vib 
I ---~1 ---lll<Jff ---.}IT 

1000 

..J 1, . ~ 

GIIOO 7400 = £.100 

200 
!ilk p 

l~J 
150 

RPM 

100 

50 
ROP 

0 
em 7400 7900 8400 

9ll00 

Maureen 

I 

ll ·- = - .. 
agoo ~ t)gC]Q 

8WO Q<40lJ OQOI) 

10400 

Sh<dand 

1 
Vi 

4 
ib 

+ 
Vil> 

3 
X 

t 
10400 

~o 
TO 

,I() 

30 

20 

10 

D 
10400 



Ulterra Ex. 1036 
Page 9 of 9

IADC/SPE 98962 

5. Drilling Dynamics: Point-the-bit System, Increased RPM 
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