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Ultra-stable PDC drill bit technology improves
performance in Southern Mexico applications
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AS WORLDWIDE DEMAND

for hydrocarbons continues to grow and
with shallow reservoirs rapidly deplet-
ing, most new discoveries are being
made at greater depths (5,000 m or
deeper). These wells are increasingly
directional, presenting new challenges
and facilitating the need for more power-
ful equipment that decreases the overall
drilling cost.

In today’s high-cost drilling environ-
ment, the durability and steerability of
the drill bit are critical to economically
drilling harder formations with increas-
ingly demanding directional objectives.
Because stability affects both durability
and steerability, stable bits are a key to
fighting drilling inefficiency caused by
downbhole vibrations.

This article will describe how ultra-
stable modern bit designs have been suc-
cessfully used in large-diameter applica-
tions in Southern Mexico, demonstrating
significant cost savings by dramatically
increasing ROP and interval drilled,
compared with conventional bits.

BACKGROUND

Recent drilling campaigns in Southern
Mexico include a turnkey project where
one of the main challenges was the
extensive 17 Y%-in. section, which drills
vertically through the Pleistocene and
Miocene formations, to set casing in the
Oligocene shale (1,000-3,000 m TVD).
The most common problems encoun-
tered in this section were slow rate of
penetration (ROP), excessive bit wear
and premature damage, inadequate hole
cleaning, stuck pipe, coarse sandstones,
problems running casing and wall ero-
sion. After analysis, it was found that
most of these problems were directly
related to downhole vibrations.

PROBLEM ANALYSIS

Between 2005 and 2007, 41 of these wells
were drilled, for a total of 81,914 m at an
average ROP of 7.9 m/hr:

* 14 wells were drilled using roller cone
tooth bits exclusively.

e 27 wells were drilled with a combina-
tion of roller cone and fixed cutter (FC)
bits.

A comparison of ROP and interval
drilled between milled tooth and FC bit
performance showed that although ROP
was improved with the use of FC bits,
the interval drilled was not sufficient to
make FC bits economical.

Premature cutter breakage, ring-outs
and other mechanical damage indicated
the presence of various types of down-
hole vibration, limiting both ROP poten-
tial and durability of the drill bits.

The 17 "2-in. RSX816S-A2 hit selected

for the project in Southern Mexico has
eight blades, 16-mm TReX PDC cutters,
DiamondBack cutters and a partial Gage
Ring for secondary lateral stability and im-
proved borehole quality. Analysis showed
that most problems in this 17 Y2-in. sec-
tion — low ROP, low durability and poor
lateral stability — were directly related to
downhole vibration. The RSX816S bit was
developed after realizing that the solution
was not a more aggressive bit but a more
stable bit.

VISUALIZING THE PROBLEM

After realizing the potential benefits of
using fixed cutter bits in this section,
numerous drill bit types from different
manufacturers were used to determine
the blade count and cutter size configu-
ration that would yield the best results.

Different drill bits with 19-mm cutters
and six, eight or nine blades were tested,
but performance and dull condition

were highly variable and could be best
explained by the occurrence of downhole
vibrations. Therefore, it was determined
that improving drilling stability would
lead to better, more reliable perfor-
mance.

July/August 2008

DRILLING CONTRACTOR



DriLL BiTs

17.1/2" section - ROP (m/h)

South Mexico

South Mexico
2000 17.1/2" section - meters per run _
1500
20.0
1900 1204 1157
15.
1000 >0
10.0
500
Wi
0 - 0.0 -
Card Teco Yagual
807 547 32

Card
807

Teco Yagual
547 32

The three wells drilled using the new ultra-stable bit technology were able to achieve higher meters per run and higher ROP, with a
precise combination of it aggressivity, durability, stability and steerability.

BIT AGGRESSIVITY, STABILITY

Previous field experience with 19-mm
cutter bits suggested that the use of a
smaller 16-mm cutter would reduce ROP
potential, increasing the cost/ft of the
section. However, analysis of the perfor-
mance of an 8-bladed, 19-mm bit shows
that the cutters were not being used to
their full potential. Taking the equation:

DoC = ROP/RPM * k

where
DoC = Depth of Cut (mm/revolution)
ROP = Rate of penetration (m/hr)

RPM = Bit body revolutions
(Revolutions/min)

K = Conversion Factor = 16.66 for
metric units

and applying it to the average ROP of the
PDC bit runs in the project (9.5 m/hr), if
running at an average of 140 RPM, we
would have:

DoC = (9.5/140) * 16.66

DoC = 1.1 mm/rev

Such a low depth of cut leads to tre-
mendous stability challenges. Typically,
depths of cut at or below 1 mm/rev leads
to problems with phenomenon such as
bit whirl. However, more aggressive bits
under-performed in some cases, perhaps
due to both lateral and torsional vibra-
tion phenomena such as stick-slip. These
observations indicate that the solution
was not a more aggressive bit but rather
a more stable bit.

To make hole, the drill string must be
twisted sufficiently to build torque at the
bit. When the resistance of formation at
the cutters is surpassed, the bit starts
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cutting and the torque is relieved and
built up again, creating a sequence of
torque cycles. This cyclic process, at a
frequency generally less than 1 Hz, can
be monitored and properly analyzed.
This torsional energy is distributed up
and down in the drill string just like a
spring/mass system, generating torsional
vibration. During the slip phase of stick-
slip, the bit whirls, leading to large lat-
eral shocks.

Additionally, poor cleaning can lead

to a similar torque peak phenomenon.
Cuttings build-up makes the bit less
efficient and reduces the ROP and depth
of cut. This in turn reduces the torque
generated and consequently leads to the
risk of stick-slip

In addition to the problems that vibra-
tion causes at the bit, there are issues in
the BHA. It has to be remembered that
all lateral impact is resisted by the bore-
hole wall. Depending on the inclination,
severity of the impacts, lithology and
resistance of the formation, the borehole
wall can become damaged enough to
lead to stuck pipe; adversely, in hard,
compact formations, vibration will lead
to early string failure, the destruction of
BHA tools and fishing jobs.

LATERAL STABILITY

The optimal physical phenomenon of
stable drilling is characterized as “all
cutters drilling with a constant design
load throughout the application.” This
is almost impossible to achieve since
torsional vibration exists due to the
rotation of elastic steel of drill pipe,

for instance. Torsionally and laterally
stable drilling results from cutters being
constantly and consistently loaded, so
the torsional and lateral force peaks are
minimized.

The drilling industry created mechanisms
to maximize on-center drilling at the bit
long ago. These include stabilizing the
BHA immediately above the bit with roll-
er reamers or stabilizers. More recently,
others technologies were developed to be
deployed at the bit and/or above the bit.
A deeper investigation and understand-
ing of four fundamental performance
indexes in bit design is leading manu-
facturers to produce more stable, rather
than more aggressive, bits. Increasingly,
junk slot area, blade thickness and cutter
sizes are not the main concerns. Bits are
being selected by matching the four main
indexes — ROP, durability, lateral stability
and steerability — to the specific applica-
tions. The correct mix of these indexes
has led to the development of bits for
specific applications such as rotary steer-
able, motor, horizontal, vertical and sur-
face high-ROP bits.

The indexes are interdependent, which
means that a single bit cannot have all
indexes maximized at the same time,
e.g., developing a bit for high ROP will
lead to less durability and perhaps less
stability.

The most significant problems encoun-
tered in the 17 %-in. sections were low
ROP, low durability and poor lateral sta-
bility. The most important of these was
identified as lateral stability — the lack of
which was believed to be leading to poor
durability and ROP. Thus the decision
was taken to focus on stability.

IMPLEMENTING A SOLUTION

The likely presence of gravel in the
upper sandstones led to the determina-
tion that the first bit out of casing should
be an IADC 115 premium roller cone bit
to avoid premature damage to the cut-
ters and a consequently short run.
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The second bit was selected using a
proprietary software that quantifies and
ranks different drill bit designs on the
basis of steerability, aggressivity and
durability. Focusing on stability, the opti-
mal bit was an RSX816S steel bodied, 8
blades, 16-mm premium TReX PDC cut-
ters, improved hydraulics, DiamondBack
cutters and a partial Gage Ring for
secondary lateral stability and improved
borehole quality.

RESULTS

Three wells were drilled using this new
technology. Each of them had previous
casing set at around 1,000 m TVD and
drilled to about 3,000 m TVD, like all the
other relevant offsets in the area. All the
sections drilled out with a roller cone
bit as recommended, were pulled at the
point where ROP declined, then the PDC
bit was run as programmed.

Tecominoacan-547: Bit drilled from
1,702 m to 2,906 m, 1,204 m / 65.30 hr =
18.4 m/hr. It set a new field ROP record.
Specifics included:

* Rotary drive.
* Vertical.
* Graded 0/ 0/ WT/ A/ X/ I/ RR/ TD.

* There were no symptoms of vibration
damage.

Yagual-32: Re-run of same bit from
Tecominoacan 547. Bit drilled from 1,971
m to 3,128 m, 1,157 m / 87.83 hr = 13.2
m/hr. It drilled to TD, setting both field
footage and running hours records.
Lower ROP than first run probably due
to the directional work (build). Specifics
included:

* Rotary steerable system.

* Building from 0° to 23°.

* WOB 10 ton, 150 RPM.

* Graded 0/ 0/ WTI/ A/ 1/ X/ RR/ TD.

* Again there was no evidence of vibra-
tion damage.

Cardenas-807: Drilled from 1,800 m to
3,300 m, 1,500 m / 155.93 h = 9.6 m/h.
50% more footage than field record.
Lower ROP due to controlled param-
eters, willing to avoid collision with well
Cardenas 107B, just 13 m away at the
surface. There was also a motor failure,
but crew drilled ahead with an increase
in surface RPM. Specifics included:

* Motor application.
* Vertical.
* 12 tons WOB, 110 RPM + motor.

* Graded 0/ 3/ WT/ S/ X/ 1/ BT/ TD
(crossed an initial large section of
gravel).

The results achieved can be seen in the
graphs on the facing page.

CONCLUSIONS

* Vibration is a major cause of drill-
ing inefficiency, especially in large-
diameter holes, because of the high
magnitude of forces generated by the
cutter/rock interaction and the huge
inertia forces involved at the bit and in
the BHA.

* Depth of cut is important to drill bit
stability and drilling performance.

* Stable drill bits and drilling assemblies
were shown to drill faster than more
aggressive but less stable assemblies.
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* Improved lateral stability lessens
mechanical damage to the cutting
structure for longer runs and more
footage drilled.

* Optimal bit selection comes from the
precise combination of bit aggressivity,
durability, stability and steerability for
a given application.

* Alternative designs with ultra-stable
cutting structures should be consid-
ered for further development in these
tields. @
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