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AS THE EFFORT to produce smaller
and smaller pockets of oil at remote dis-
tances from existing infrastructures in-
tensifies, the challenge for drilling teams
has never been tougher. In today’s mar-
ket it is important to land a well in the
rightplaceandkeepitthereforaslongas
required for maximum production capa-
bility, which may involve following the
formation trends. New tools are turning
whatwasonce only adreamintoreality.

GAUGING INCLINATION AT BIT

New-generation at-bit inclination meas-
urements give the driller real-time con-
tinuous inclination a few inches behind
the bit. Combined with continuous meas-
urement-while-drilling (MWD) surveys,
these new measurements take the guess-
work outofwell placement. Once the well
islanded, itisthenpossibletodrillawell-
borewithinaverytightvertical tolerance
with minimum undulations or geosteer
when other logging-while-drilling (LWD)
tools are added in the drill string. In the
example demonstrated in Figure 1, an
operator in West Africa required maxi-
mum true vertical depth (TVD) fluctua-
tion be kept within =1 m of a targeted
TVD to control water coning. Using the
at-bitinclination measurements, the well
was kept to a =0.30-m tolerance through
the planned 350-m horizontal trajectory.

In another example from the same re-
gion,aclientachieveda TVD tolerance of
0.26 min avery marginal reservoir with
water drive and dip close to zero. At-bit
inclination measurements were used
with other LWD measurementstogeolog-
ically steer with precision geometric
placement. Using these measurements,
well azimuth was adjusted while drilling
to follow a trajectory through the opti-
mum porosity section of the formation.
The porosity of the formation along the
drilled wellpath was greater than thatin
theplan.

Openhole sidetracking in highly compe-
tent formations is a difficult operation,
and chances of success grow slimmer
with increases in formation strength.
With new technology, this procedure has
become much more predictable. In North
America, rig time was saved by using the
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at-bit inclination system to perform an
openhole sidetrack to adjust well trajec-
tory when a client encountered geologi-
cal uncertainty. Inclination data avail-
ablelessthan1ftfromthebitshowedthat
despite careful procedures, the drill-
string had deviated back into the old hole
twiceinthefirst4ftofthe attemptedside-
track. Using early indications of
progressfromthe at-bit system, the side-

Therealvalue of these newmotors canbe
seenwhen comparing 2 opposing laterals
deepinthe Louisianachalk. Thefirstwell
took 31 days from kickoff to total depth
(TD). The 3,895 ftof lateral took 3bottom-
hole assemblies (BHAs) and 324 total on-
bottom drilling hours. Average rate of
penetration (ROP) while rotating was
13.4 ft/hr. The opposing lateral was
drilled from the same pad a few months
later usingthe new motors. Thiswellwas
drilled fromkickoffto TD inonly 12 days.
The 3,116 ft of lateral was drilled in 2
BHAs with an average rotating ROP of
51.2 ft/hr. This equated to an improve-
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Marginal plays demandincreasingly tight downhole tolerances: The decreasing size of typical hydro-
carbon plays demands tight drilling tolerances. For the well reflected in Figure 1 above, the operator
required that TVD fluctuation be withina 1 m tolerance to control water coning. Using at-bit inclina-
tionmeasurements, the drilling team kept that variance to just 0.3 m throughout the 350-m section.

track was completed in 39 ft, and the rig
quickly returned to rotary mode for
faster drilling. Normally this decision
would have been delayed until the MWD
string, located 50 ft behind the bit, had
confirmed the assembly was in a new
hole.

Other operators have shown that accu-
mulations of water in undulations act as
downhole chokes, restricting flow and
production. This is especially true in a
three-phase (oil, gas and water) reser-
voir. The use of at-bitinclination technol-
ogy can minimize these chokes.

STEERABLE MOTORS

Mud motors are quietly evolving to offer
more power under more difficult condi-
tions. Anew series of motors thatcan ap-
ply 30% more power to the bit than the
previousindustry leader was introduced
recently in North America. These new
motorsare designedtoimprove perform-
ance inwells where power to the bitis all
important. More available power has be-
come increasingly critical to drive ag-
gressive new PDC bits favored by opera-
torstoimprove penetrationrates.

CONTRACTOR

ment of nearly 400%, with on-bottom
drilling time of nearly 200 hr for a 3,100-ft
lateral.

POWER STEERING

The application of power to effective de-
structionofrockisalsocrucial. Newgen-
erationsofdrill bitsare pushing the enve-
lope by delivering solutions to demand-
ingdirectionaldrillingoperations. Direc-
tional drilling problems have always re-
volved around issues such as build and
turn rates, torque fluctuations and con-
trol and BHA design. A new design con-
ceptevolvedthroughanin-depth study of
bitlengths, cutter components, gauge de-
signs and directional database. The
quest to improve directional control by
reducing torque has also led to innova-
tive cutter designs that feature cham-
fered geometry, high back-rake angles
andimproved impactresistance. Thecul-
mination of these efforts to create pur-
posefulandfocused changeindrillingop-
timization is the development of new bit
technology. The designincorporates an-
tiwhirl technology and features that
solve many of the standard bit problems.
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In Holland, the 12 Y-in. version of this
new bitdrilled922ftin64.7 hr. Apartfrom
delivering superior rates of penetration,
it replaced three insert bits and was di-
rectionally friendly enoughtobuildangle
from 29°to 45° while turning from 326° to
334°. This was in a formation where
steering was previously possible only
withrockbits. Drillinghoursand costper
foot improved by 49% and 37%, respec-
tively.

Inawellin Nigeria, using this bit signifi-
cantly improved MWD signal/noise ra-
tios, making LWD activities possible
while drilling the abrasive sands of the
Niger Delta. Previous PDC bits used in
this reservoir produced significant
torquefluctuationsthatdecreased steer-
ability, inhibited directional control and
increased motor pulsation noise.

ROTARY STEERABLE SYSTEMS

As existing fields are depleted drillers
are challenged to reach farther and far-
ther into the basin structure. Extended-
reach drilling is rapidly coming of age.
The horizontal displacement world
record now stands at 10.1 km for BP
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Figure 2: Details of the control module and steering actuation system for a rotary steerable system.

sections, but brought significant chal-
lenges for steering and control. The well
was planned using the latest software
andintegratingall the experiencegained
on offset wells. Armed with the latest in
technology, new rotary steerable sys-
tems have made it possible for the opera-
tor to push the limits beyond what was
thoughtpossible justafewyears ago.

The system used to drill the final reser-
voir section of Well M-11 is shown in Fig.
2. Thecontinuousrotationand direction-
al control provided by this rotary steer-
able system allowed the driller to over-
come extended-reach drilling problems
associated with torque, drag and cut-
tings transport to reach beyond what
would have been possible with a conven-

horizontal hole was drilled in 44 days,
quite an improvement over the plan of
5,548 ft in 49 days. This savings was
achievedlargely by eliminating BHA slid-
ing that normally would have been re-
quiredtosteer.Newwellsare expectedto
breakthe 10.1-kmrecord.
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Wytch Farm Well M-11. This extreme tional a_ssembly._ Efficiency gains were  berger CamcoDrilling Group. L]
- - equally impressive. A total of 7,681 ft of

reach allowed drainage of new reservoir
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