Hydraulic rig supports casing drilling

Using oilfield casing to simultaneously drill/case
the well is atechnical advance helping to reduce
costs. Described here are the rigs and associated
equipment making this possible

Michael Laurent, Per Angman
and Dale Oveson, TESCO Corp.,
Calgary, Alberta, Canada

This article overviews the hydrau-
lic rig, its design features and equip-
ment used for casing drilling. Included
are: 1) the casing drilling system and
evolution of four, new-generation rigs/
operating systems; 2) an overview of
the three hybrid and one exclusive cas-
ing-drilling rigs featuring modular de-
sign and hydraulic power systems; 3)
details of the programmable logic con-
troller (PLC) system; and 4) descrip-
tions of the drawworks, top drive, mud
pump drive, rotary table and electrical
systems. The final discussion reviews
field operations of the new-generation
rigs.

INTRODUCTION

Development of resources in many
basins-where reserves are concen-
trated in relatively small reservoirs-is
limited by drilling costs. Over the last
few years, drilling costs have been
driven to very low levels by: low
dayrates for conventional rigs, a sus-
tained effort to apply incremental ad-
vances in drilling technology and pres-
sure to improve operational excellence.
It is unlikely that significant additional
cost reductions can be achieved with-

out changing the way wells are drilled.
The realization that there is very little
“fat” left in the system stimulated de-
velopment of a casing drilling system
(CDS) aimed at reducing drilling costs
even further by making a step change
in the fundamental drilling system. The
CDS incorporates both surface equip-
ment and downhole equipment that
eliminate trips and reduce time delays
caused by hole problems and casing
running time. Concurrent with CDS de-
velopment, a new generation, hydrau-
lically powered and computer-con-
trolled rig was developed to facilitate
casing drilling implementation. The in-
tegrated drilling rig enhances reliabil-
ity, safety and flexibility and, at the
same time, provides a platform to in-
troduce the casing drilling technology.

CASING DRILLING SYSTEM

Casing drilling uses standard
oilfield casing to simultaneously drill
and case the well. 2 The casing func-
tions as the drilling string to transmit
mechanical and hydraulic power to the
bit through a drilling assembly latched
into the bottom casing joint.

A drill-lock assembly is used to
transport the drilling assembly, includ-
ing the bit, and attach it to the bottom
of the casing. The drill-lock and drill-
ing assemblies can be either run on
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Fig. 1. Drilling assembly and casing shoe.
Circle 79

wireline or pumped down; they are re-
trieved from the casing with a wireline.
Fig. | shows the drill-lock assembly,
comprising an axial lock to resist both
compression and tensile axial loads, a
torque anchor to resist torsional loads,
a seal assembly, and assorted features
to allow efficient transportation through
the casing.

These assemblies are retrieved on
wireline up the inside of the casing to
perform any function that would nor-
mally be accomplished by tripping the
drillstring. Most frequently, the wireline
procedure is used to replace the bit;
but it can be used for other operations
such as running or retrieving a direc-
tional drilling assembly or coring as-
sembly. Casing drilling eliminates the
need for drill pipe and tripping the
drillstring to change elements on the
drilling assembly. In addition to the trip
time savings, many unscheduled
events are triggered by tripping opera-
tions, thus casing drilling reduces drill-
ing time lost due to events such as
reaming, fishing and taking kicks while
tripping.

The CDS provides a more efficient
hydraulic system than a conventional
drillstring. Circulating pressures are
reduced, compared to those typically
required with drill pipe, because of the
large casing ID. In addition, the rela-
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Fig. 2. Split block and integrated wireline BOP.
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tively uniform OD of the
string results in a smaller
annular area and provides a
constant velocity up the an-
nulus to enhance hole clean-
ing at a reduced flowrate.
The overall result is that bet-
ter hole cleaning is achieved
with decreased rig horse-
power and smaller pumps;
this increases fuel savings
compared to using a similar rig for con-
ventional drilling,

While the casing drilling system
can be used on any rig, it may be more
effectively applied with a rig designed
specifically for casing drilling. This is
particularly true while the CDS s first
being introduced. For this reason,
three new-generation hydraulic rigs
were designed and built as hybrid rigs
that can be used for casing drilling, as
well as conventional, rotary-drilling ap-
plications; the third has been used as
a test rig for casing drilling tool devel-
opment. Recently, the test rig was
commissioned for commercial service
as a casing drilling rig on a four-well
program in the U.S.

Based on the perfor-
mance of these rigs, a fourth
rig has been designed exclu-
sively for casing drilling. This
rig is designed for year-
round moving in Canada and
includes additional casing-
handling automation. Cas-
ing can be picked up from the
pipe rack and installed in the
drillstring without being
touched by human hands.
This rig spudded its first cas-
ing-drilled well in Canada in
July.

RIG OVERVIEW

The hybrid rigs, rated for
3,000 m (9,850 ft), consist of
a double telescoping mast
with integrated top drive and
drawworks, an 800-hp triplex
mud pump, a derrick flowline
cleaner, a swing-up sub-
structure with an 180-ft floor
height and a modular build-
ing design. ® Rig equipment
is powered by hydrostatic drives and
controlled with digital programmable
logic controllers (PLCs). All rig func-
tions are controlled through the PLC
interface from the driller’s control cen-
ter (DCC) located in a control room
positioned as a third-level building ad-
jacent to the drilling floor.

These rigs are designed to facili-
tate: moves, location construction, rig
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Fig. 3. Modular rig.

up, operational efficiency and drilling
efficiency for more cost-effective over-
all drilling operations. Rig equipment
is designed into modular buildings that
permit stacking to maintain a small
footprint for minimal location size.
Twenty modular buildings are used to
house the power units, engines, elec-
trical equipment, tanks, mud system,
control room and other rig equipment.
The modular-building design features
a large, heated, common drilling ma-
chinery room; and it reduces unit
weight per load. In addition, the
drawworks is permanently mounted to
the back of the mast; this assembily,
along with the permanently installed
top drive, significantly reduces rig-up/

Fig. 4. Driller’s control center (DCC).

rig-down time.

Lastly, this new-generation drilling
rig has been designed to facilitate cas-
ing drilling, although it can be used ef-
fectively with conventional drillstrings.
Split traveling blocks with wireline BOP
(Fig. 2), split crown, permanently in-
stalled top drive and wireline sheaves
on the crow, are designed to facilitate
casing drilling, but also make conven-

tional drilling operations more
efficient.

MODULAR DESIGN

Fig. 3illustrates the modular rig
layout. The rig equipment is
housed in 20-ft x 8-ft x 8 1/2-ft
modular buildings that weigh,
on average, 18,500 Ib. The
modular rig, excluding the sub-
structure and drilling mast, is
dependent on being spotted by
a 20-t oilfield picker. Modular design
reduces unit weight per load, compared
to the bulk of standard oilfield skid build-
ings. This provides for features, such
as deep tank capacity, that allow
greater volume per unit length of tank.

The modular, ground-level build-
ings are placed together to create a
large convenient heated indoor work
area or common “drilling-machinery”
room. The hydraulic power units and
engines are located on a second level
behind the mast. Similarly, the control
room and sub-tool handling room are
located on a third level adjacent to the
rig floor (driller's side and offdriller’s
side, respectively).

The substructure, which houses
the rotary table, is a hydraulic,
swing-up design that retracts to
a lowered height of 5 1/2-ft and
a raised height of 18-ft. During
operation, the substructure
boasts a clear height of 16-ft,
which is well-suited for the taller,
underbalanced drilling-stack
configurations.

PLC CONTROL SYSTEM
The drilling operation is con-
trolled and monitored remotely
from an ergonomically de-
signed driller’s console and drill-
ing data acquisition system in
the DCC located adjacent to the
drilling floor, Fig. 4. In general,
the PLC receives inputs from
the DCC and provides
powermatching and pump as-
signments to main functions.
The software control provides
almost unlimited interlocks and
calculations to increase rig
safety and efficiency, and sim-
plify diagnosis, remote monitor-
ing and troubleshooting. For example,
the drawworks features an auto-driller
that provides hands-free operation of
smooth, continuous, bit-loading control
and an anti-collision system.

The following remote and auto-
matic control functions are available:
® Remotely selectable engine speed
(two engines)
® \lersatile pump assignment




(11 pumps)

® Accumulator and BOP

remote controls

® Top drive and auxiliary

functions

® Drawworks and brake

control

®  Auto-driller

® Floor saver and crown

saver

® Cold-climate control

® Cooling-system auto-

matic control

® |ntegrated drilling data ac-

quisition/display

® Extensive alarm display

on computer screen

® Radio control of utility

winches and raising cylinders.
The rig PLC system in-

cludes direct access from a

remote location via a satellite

phone system. The rig status

can be monitored, problems

diagnosed, parameters ad-

justed, and the whole PLC

program modified and down-

loaded from a home-office location.

Applications of the PLC are noted in

the following component discussions.

DRAWWORKS

The drawworks utilizes compact,
high torque, multi-displacement, vane
hydraulic motors coupled directly to
forged axles on the drilling line drum,
thus eliminating the associated need
for gearboxes, chain sets, belts,
clutches/sprockets and chain guards.
This means that the drawworks drum
is never disengaged and is driven
smoothly in both directions with excel-
lent speed control. This lightweight de-
sign allows the drawworks to be inte-
grated into the mast structure; it is not
removed for rig moves, Fig. 5. It also
functions to extend and retract the
mast.

Fig. 5. Drawworks and mast integration.

PLC control. The hydrostatic drive
system of the drawworks is controlled
through the PLC by a joystick located
in the DCC. Since the driller is not
bound by a mechanical brake handle
location, he can be positioned any dis-
tance away from the drawworks, in this
case, in the DCC.

The hydrostatic-driven drawworks
with the PLC control facilitates innova-
tive programing of an automatic driller,
anti-collision features, and other inter-
locks to enhance performance and
safety. The autodriller provides hands-
free operation of continuous drilling,
while maintaining constant weight on
bit (WOB) and maximum drilling rate
within settable parameters. Because
the auto-driller does not use the

The hydrostatic systemis [ & am
used as a dynamic brake by 4
feeding energy back into the
hydraulic system to dissipate
energy when tripping in. There
are no hydromatic or eddy-
current brakes on the drilling
unit. Lightweight, die-cast,
disk-brake calipers mounted
directly to the steel tubular
frame are used for park and
emergency braking. The park
brake is spring-applied and
air-released. If an air failure
occurs, the spring will activate
the brake. The service brake
is spring-released, air-ap-
plied.

gt

drawworks brakes, as do con-
ventional auto-drillers, it pro-
vides smooth, continuous con-
trol of the hydrostatic-drive
system. The auto-driller can
automatically pick up the
drillstring and “restart” the drill-
ing if the top drive stalls.

Safety system. The
drawworks safety system in-
cludes a floor and crown saver
to the limit of the traveling
blocks/top drive assembly for
anti-collision purposes. Decel-
eration rates (dependent on
string weight and speed) are
optimized by the program, un-
like with trip or trigger valves
in conventional crown savers.
In addition, a programed inter-
lock allows the drawworks to
accelerate and run within the
given speed envelope be-
tween floor and crown.

The drawworks also
has a number of other safety
interlocks to protect maintenance per-
sonnel and equipment from damage by
erroneous operations. For example,
the brakes can be released only if suf-
ficient lifting hydraulic pressure for the
current hook load is available and suf-
ficient air pressure is available to hold
the brakes released. The drawworks
can be accelerated only if the brakes
are fully released.

Shifting the drawworks to a higher
speed range can be done on the fly,
but is only allowed by the PLC up to a
safe load limit. If the hook load in-
creases beyond the load limit while op-
erating at a high or medium speed
range, the drawworks speed range is
automatically shifted down to a safe
level.

TOP DRIVE, OTHER
COMPONENTS

A lightweight hydraulic top
drive with excellent torque/
speed control throughout its
operating range is incorpo-
rated in the rig. It allows inde-
pendent, settable drilistring
makeup and drilling torque/
servo control capability for
slide drilling, e.g, the driller can
reduce slide friction by rocking
the drillstring. Integral pipe-
handling and robotic features-
power elevators, dual-direc-
tional-link tilt, mousehole-ex-
tend feature, grabber and re-
motely operated, dual-ball-
mudsaver/safety valve-de-
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crease connection time and in-
crease floor safety. Special in-
terlocks are programed through
the PLC system to provide op-

Rig perfomance

Spud to RR, days  Repair time, hr

Down time %

by filtering surge and noise
in the power line.

FIELD OPERATION

erator safety while working
around the top drive and for co-
ordination of top-drive and
drawworks operation.

The top drive and two-thirds
of the torque track are perma-
nently mounted to the mast to
reduce rig-up/rig-down time.
Eliminating the need to remove
the top drive and most of the

WELL #1
WELL #2
WELL #3
WELL #4

WELL #1
WELL #2
WELL #3
WELL #4

33.69
19.40
28.99
27.82

30.38
7.42
8.67

20.5

RIG #1
1

RIG #2

3.00
1.25
3.00
0.50

5.75
0.00
2.25
1.00

1.61 %
0.27 %
0.43 %
0.07 %

0.79 %
0.00 %
1.08 %
0.20 %

Two of the new-gen-
eration rigs were introduced
into the conventional drilling
market and are operating
competitively. The first rig
was commissioned in Au-
gust 1998, the second in De-
cember 1998. The rigs have
drilled both vertical and di-
rectional wells; performance

torque track during rig moves
saves up to 5 hr, compared to
rig up required with a portable top drive.

Mud pump drive. The mud pump is
driven by a compact, radial-piston, hy-
draulic motor mounted directly to the
crankshaft, Fig. 6. As a result of the di-
rect-drive assembly, the pinion shaft
has been removed and the bull gear
replaced with a less-expensive fly-
wheel. This feature reduces pump
complexity and weight.

The mud pump can run at full pres-
sure down to zero rpm to facilitate cer-
tain rig operations, such as conduct-
ing leak-off tests. An independent,
electrically driven lubricating system for
the power end assures bearing lubri-
cation over the entire speed range. The
hydraulic motor, which runs the mud
pump, can be powered from the open-
loop system should the closed-loop
system fail. This allows mud circula-
tion even if main power on the rig is
interrupted.

A number of safety features are
provided through the PLC. For ex-
ample, if the mud-saver valve is closed,
the mud pump will not start unless over
ridden by a key switch. A second in-
terlock ensures that mud-pump speed
is limited to a safe level, regardless of
the number of hydraulic pumps as-
signed. A third interlock protects main-
tenance personnel by providing two
operating stations-local for mainte-
nance and remote for normal opera-
tion. Station selector switches at both
locations must agree prior to starting
the mud pump. Lastly, an auxiliary,
pump control interlock ensures that
start/stop controls of the auxiliary
pumps-liner wash pump, pre-charge
pump and powerend-lube pump-are
synchronized with the mud pump.

Rotary table. A 17 1/2-in. rotary table
rated for 150 t is used to support the
slip load, rotate the drillstring slowly
during “non-drilling” times, i.e., connec-
tions, and for emergency backup in the
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event of a top-drive failure. The rotary
table is lightweight and incorporates a
hydraulic drive system within the rotary
table housing, which eliminates need
for an external motor, chain case or
drive shaft. It is powered by the open-
loop hydraulic system.

Electrical system. Two UPS
(Uninterruptible Power Supply) units
convert the rig’s generator power (120-
VAC, single-phase 60 Hz) to 24 VDC
to supply all control and instrument cir-
cuits and provide control power should
generator power fail. The UPS has suf-
ficient battery backup power to oper-
ate all control and instrumentation func-
tions for up to 17 min. This safety fea-
ture could, for example, allow 1) the
driller to get the bit off bottom to pre-
vent getting stuck, and 2) time to get
the standby generator or open-loop
auxiliary system running. The UPS
also provides clean, regulated power
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has been good, as noted in
the accompanying table.
The average downtime cumulatively
experienced is a low 0.61%.

The hydrostatic drive systems, in
combination with PLC-based DCC has
been proven to work reliably. The abil-
ity to control the main drives
(drawworks, top drive and mud pump)
throughout their respective speed
ranges has complemented drilling op-
erations. The top drive, in particular,
has complemented tripping. The high-
clearance substructure has been used
in combination with the underbalanced
drilling (UBD) process and its required
stack configuration. The satellite link
to the rig has been operationally use-
ful for providing field support, which has
further assisted in reducing downtime.

In general, the rigs have reported
few operational challenges. However,
with all the automation, it has taken the
crew some time to get used to all the
features that can be employed to en-
hance performance.

The third hybrid rig and dedicated
casing drilling rig were both put to work
in July 1999 on casing-drilling jobs.
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