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Trends in offshore oll and gas operations

Slip-based landing string system
expands the limit for deepwater

casing runnin

9

Re-engineered system pushes the lifting limit to 2,000,000 pounds and beyond.

James N. Brock, R. Brett Chandler and Michael J, Jellison, Grant Prideco, Leianne W. Sanclemente and
Richard J. Robichaux, Workstrings, LLC; Muhammad Saleh, Chevron Corp.

With water depths increasing to over
10,000 fr, offshore well depths exceed-
ing 34,000 it and extended-reach targets
pushing out beyond 35,000 ft, operators
are deepening the setting depths of larg-
er-diamerer and heavier casing strings.
These offshore designs require landing
strings with hoisting capaciry approach-
ing two million pounds (2 MM Ib).

The nature of deepwater and ultra-
decpwarer well designs is driving the
requirement for higher-tension-capacity
landing strings. Mot only is water depth
increasing, but well target depths below
the mudline are being extended. This,
combined with the often narrow mar-
gin between pore pressure/mud weight
and fracture gradient, is causing well de-
signers to set more intermediate casing
strings. This, in wrn, is pushing large-
diamerer, heavy casing strings to deeper
setting depths to maintain hole size and
reach the intended targets.

As operators and manufacturers inves-
tigated the requirements for ulora-high-

and a uniquely designed dual-diameter
tool joint to increase elevator capacity.
Slips were specially engineered to equal-
ize radial and axial loads, increase the
slip-to-pipe contact area, and optimize
the conracr angle to minimize crushing
loads on the pipe body.

Combined with 1,000-ton elevators,
the system uses conventional rig-up and
aperating procedures, It was thoroughly
analyzed with finite element modeling
(FEM) and other analyrical technigues,
extensively tested and field proven. The
system has successfully landed heavy cas-
ing strings in deepwarer applicarions with
axial loads approaching 1.75 MM lb.

LANDING STRING
TUBULAR ASSEMBLY

There is no published industry stan-
dard for landing string tubular assem-
blics. AP1 Specification 7 and Recom-
mended Practice 7G cover the design and
accepted industry practice for drilling
applications. Historically, for drilling ap-

plications, torque capacity has been the
primary design objective, with the ToLary-
shouldered connection (RSC) as the lim-
iting factor. For landing string applica-
tions, torque capacity is not a dominant
requirement. Rotation required o move
the casing down the hole ro its setting
point, to facilitate even cement distribu-
tion, or to actuate tools, is well within the
normal R5C’s torque capacity.

For a standard API drill pipe assembly,
tensile capacity to safely lift the drill stem
weight, and the BHA with appropriate
overpull capacity, is all thar is required.
For landing string applications, a tensile
capacity of 2 MM |Ib or more may be
needed, requiring a state-of-the-art land-
ing string assembly, Fig. 1. There are five
components of the landing string tubu-
lar assembly that must be considered w
assure that the pipe body is the weakest
component: pipe body, heavy wall slip
section (HWSS), tool joint, rotary-shoul-
dered connection and weld. The reason-
ing is that, in case of overload, the pipe
body will yield, rather than a

capacity landing strings, slip
crushing was quickly identified
as a major consideration. A
basic problem is thar the slip-
crushing resistance for the land-
ing string can be significandy
less than the pipe’s axial tension

t‘ﬂt]l‘tg. Conscql.t-mt |_1.r, without Daubile

special design - modifications, | diameter
slip crushing of the pipe might gﬁtﬂm
occur at loads well below the

pipe’s tension-load capacity.
To address this issue, a spe-
cial landing string system (LSS)
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crushing capacity
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connection or weld experienc-
ing a carastrophic failure,

Pipe body. The pipe body’s
tensile capacity is defined as
the pipe body ar specified min-
imum yield strength, or grade

to protect riser times the pipe bodys cross-
Increased efavator and casing sectional area. The cross-sec-
diamater for increased tional area increases more with
hoisting requirements increased pipe OD, than with
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was developed rhar uses 6%-
in., heavy-wall, 150-ksi yield
strength pipe, incorporating an
innovarive thick-walled section
in the slip contact area, for re-
sistance to slip crushing loads,

to provide connection
tensile capacity

Fig. 1. A state-of-the-art landing string assembly, needed for
heavy landing string applications, requires a tensile capacity
of 2,000,000 Ib or more.

the improved hydraulics for
circulating  and  cementing
with a larger 1D, dictates that
the largest pipe diameters pos-
sible are used. However, there
is benefit from macching the
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Eﬁnti[ng .-irring pipt‘: diameter to the drill
pipe diamerer used on the rig; it mitigaces
the need to change pipe-handling and
make-up equipment.

Early landing string pipe bodies were
commonly produced from S-135 grade
material, since it was the APl grade with
the highest specified minimum yield
strength (SMYS), 135 ksi. There are
now proven high-strength proprietary
grades available with 140 ksi and 150 ksi
SMYS. Use of these grades, such as 150
ksi, provides increased lifting capacity of
abour 11%. With current merallurgical

To meet the two differing tool-joint
OD  criteria, balanced configuration
and clevator capacity, a dual-diameter
tool joint can be employed. This joint
provides one diameter to meet the bal-
anced configuration (Ag/Ap) require-
ment and provide for fishing needs. A
larger, second diameter meets the eleva-
tor capacity requirement,

Rotary-shouldered connection. For
the landing string assembly, the tensile rac-
ing for the RSC should be greater than or

equal to the pipe body’s tensile strength.

* A hydraulically-actuared slip system

* A slip system for all rigs.

Slips act as a wedge to hold and ex-
ert hi-axial loading on the pipe. When
slips are set around a tbular, they exert
transverse loads to the drill pipe, which
converts to hoop stress in the mbe. This
excessive hoop stress creates the force thar
can damage the drill pipe be. If the pipe
begins to collapse, the slip will lose con-
tact and support with the insert bowl; the
toe of the slip can break, losing conract
with the pipe; the slip inserts can then
fall, possibly dropping the pipe. Using the
wrong slip in a heavy-load siru-

tt..‘c}‘lrln]ug}r, ]5ﬂuksi E}ipt‘: can
be produced with minimum
toughness preater than the

standard API 5-135.
Heavy-wall slip section.

For increased tensile load ap-
plications such as landing

p———————————————]

Thick-wall, slip-proal
section

Fig. 2. The heavy wall slip gsection provides a thicker wall
in the slip-contact area, machined OD and ID surfaces and
requires thres walds.

ation can damage the pipe and/
or damage the slip, which can
lead to kailure. The drillstring
or landing string/casing could
drop down the wellbore.
Through slip testing on
drill pipe, it was confirmed

operations, pipe-body slip
crushing becomes an important design
consideration. When slips are placed
on the pipe to support the string in the
rotary, they exerr a radial collapse force,
inducing a hoop stress. With an increas-
ing axial load, the hoop stress increases,
Slip-crushing capacity can be the prima-
ry design factor for landing strings, since
it is less than the tube tensile capacity. In
the deepwater GOM, slip-crushing fail-
ures have been documented and some
have resulted in catastrophic evenrs, The
HWSS provides a thicker wall in the
slip-contacr area, Fig. 2.

In addition to a heavier wall, the
HWS5" machined OD and 1D surfaces
provide improved concentricity and
avality, which also increase slip-crushing
resistance. The HWSS landing string is
designed with three welds, one at the
tube-to-pin tool joine, one at the tube-ro-
HWSS5, and one connecting the HWSS
to the box ool joint.

Tool joint. A balanced rool-joint config-
uration is desired to maximize the RSC’s
fatigue resistance and rorsional balance.
The design criterion for a balanced con-
figuration is the ratio of the box area (Ag)
divided by the pin area (Ap). This should
be in the range of 1-1.15.

Tool-joint OD is also criical in deter-
mining the elevator capacity of the land-
ing string assembly. Elevator capacity is
the product of the horizontal projecred
contact area of the 18" tool-joint shoul-
der against the elevator bushing times
the lesser compressive yield strength of
the two contact surfaces.
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In addition, the tensile load required o
separate the RSC's external tonjue shoul-
der must also be considered. The external
torque shoulder serves as the pressure seal
for the RSC. The sealing mechanism is
generated by the compressive force be-
tweenn the external shoulder surfaces re-
sulring from the make-up torque. Tensile
loads tend 10 unload this compressive
force and hjlg,h tensile loads, as would
be HPEEIEI:I Or @ |JITIl.I'iI1E string ;lpphcu-
rion, can result in shoulder separarion and
sealing-mechanism loss. A proper seal is
required, since rthe landing string must
circulate drilling fluid during the landing
operation and circulate cerment,

Weld. There may be manufacturing
limitations thar affect the design, partic-
ularty in the friction-weld process. The
maximum friction-weld yield strength
with current manufacturing practices is
generally limited w0 110,000 psi. The
minimum weld tensile capacity must
be equal to or greater than 110% of the
pipe body’s tensile capacity.

SLIPS

A slip system to handle the 2-MM b
landing string has to provide efficiency
on the rig with standard pipe running
and handling processes, Fig. 3. The de-
sign requirements include:

* Base modifications on a conven-
tional slip design

* Improved transverse load distribu-
tion to increase slip-crushing eapacity

* 2-MM Ib slip-crushing capaciry on
the landing string

that the highest stress concen-
wration in the standard slip design is ac
the slips’ toe. This is the thinnest sec-
tion of the slip segments. It is also the
most vulnerable to increased stress, due
to wear in the insert bowl supporting the
slips. Stresses on the we greatly increase
without support of the insert bowl. To
increase slip-crushing capacity to 2 MM
Ib, the challenge was to improve the load
distribution across the slip body length
and to reduce the transverse load effect,
by transterring the radial load onto the
rotary table and away from the drill pipe
tube. Increasing the slip conracr length
with the pipe body from 16 in. to 20 in.
increased the caleulated slip-crushing ca-
pacity by 6%, o 11%. The increase in
length allowed for a greater load-distri-
bution area. By modifying the slip angle,
the caleulated slip-crushing capacity was
increased by 3%, to 8%. The modified
slip angle improved the transverse load
effect by shifting the radial load more 1o
the solid insert bowl and protected the
toe, while protecting the pipe.

To prevent damaged slip inserts from
falling out, this new innovative slip de-
sign used a groove/ledge design ro in-
dependently-supported slip inserts. To
mainmin optimum tolerances, a solid
insert bowl was used. The internal angle
of the solid bowl matches the slip body’s
optimum angle to maintain dimensional
integrity. To further improve the toler-
ances, a split mascer bushing accom-
panies the system to fit the righ rotary
table. This complere design improves
the load distribution from the slips o
the master bushing. The master bushing
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is designed to fit the industry’s different
rotary table designs. The improvement
in slip crushing allows for the slips to be
used at any point on the HWSS or the
landing string’s tbe.

The weight of the 20-in. slip is almost
wice that of a standard 16-in, manual
slip. To maximize the operational cffi-
ciency and improve safety, a hydraulic
lift/control system was installed, which
is operated by a simple remote control
panel. The system is quick to install
and, in case of hydraulice’ loss, can be
operated manually.

The new design was tested to verify
the improvement in slip-crushing load
capacity, using a hydraulic load frame
capable of 2 MM Ib and a HWS5-equiv-
alent test mandrel. Both external and in-
ternal strain gauges were placed on the
test mandrel. The test venified the slip's
minimum 2-MM Ib axial-load capacity.

ELEVATORS

The elevators to complement this
landing string system required modifi-
carions to an existing 750-ton hydraulic
clevator system, Fig. 4. The following is-
sues had o be addressed:

« Comparibility with 4th and 5th
generation rigs

* Quick change of inner elevator bush-
ings during casing-running operations

» Qualify an elevator/inner bushing
design for 1,000-ton hoisting capacity.

The elevators are rated for 750-ton
hoisting capacity with an APl 187 aper
on drill pipe. These same elevators are
rated at 1,000-ton hoisting capacity when
running risers, using 2 special square-
shoulder riser bushing. The API 18° ta-
per on the drill-pipe box sits on the cor-
responding tapered load shoulder in the
elevator bushing located halfway up the
vertical height. The square riser-bushing
load-shoulder is located at the top of the
bushing. Finite element analysis (FEA)
was used ro determine the box tool joint
waper and the marching load shoulder ta-
per of the clevator bushing, required to
obtain a 1,000-ton load rating,

An elevator bushing prototype with a
35 load-shoulder taper in the standard
position was load-tested in the eleva-
tor. AP requires hoisting equipment to
meer a 2.25 design factor. The stresses
in the body of the elevarors center sec-
tion exceeded the yield and would not
meet the API design factor to achieve a
1,000-ton rating,

The FEA model, using strain gauge
data from the load test, calculated that a
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Fig. 3. The new slip systern provides
afficiency and uses standard pipe
running and handling processes.

45° taper placed at the top of the bush-
ing would improve the loading enough
o meet the design qualifications. A
second design-verification test was per-
formed on an elevator/bushing configu-
ration with a 45° load-shoulder taper
placed at the top of the bushing. This
configuration was load-tested 10 5.6
MM Ib 1o certify the 1,000-ton design.
At this position, the load can be dis-
tributed more evenly onto the elevators
body. The landing string’s box tool joint
taper was also specified ar 45° 10 match
the 1,000-ton elevator bushing.

FINAL LANDING STRING
SYSTEM

The LSS provides engineered and
matched equipment components  re-
quired to successfully run long, heavy cas-
ing strings in the range of 1.5-2 MM Ib.
The entire system, inclusive of the 1,000-
ton elevators, 1,000-ton slips and 2-MM
Ib landing string tubular, is a functional,
safe, and economical solution, Fig. 5.

In addition to adequately handling the

Fig. 4. The elevators were madified
from an existing 750-ton hydraulic
elevator system.

loads required, the LSS is very flexible and
adaprable to differing rig conditinns and
landing situations. Normal rig-up and
pipe-running procedures are maintained.
Range-2 pipe lengths and standard API
RSC permit the use of available mecha-
nized pipe-handling systems and iron
roughnecks. Operational savings are real-
ized from faster rig-up, make-up and stan
dard rig equipment. Additionally, limiting
the number of rig-floor personnel and use
of familiar operating procedures promotes
safe operations and limits accidents.

The LSS enables the drilling engi-
neer to implement a casing program
that provides a structurally-sound well
design, provides formation protection
and minimizes drilling time to the ob-
jective. Without the ability 0 set de-
sired long casing strings, an alternatc
and more costly liner/tichack design
would be required.

CASE HISTORY

Chevron (operator) announced dis-
covery of the Jack prospect in Septem-
ber 2004. The Jack well is located in the
Gulf of Mexico about 270 mi southwesrt
of New Orleans and 175 mi offshore in
7,000 fr of water. The operator and part-
ners plan to drill another appraisal well
in 2007. The LSS was instrumental in
the successful completion of this record
well by faciliating the landing of the 16-
in. and 13%-in. casing strings.

16-in. liner. Running of the 16-in, liner
was used as a practice run for the heavier
13%-in. casing string. The 16-in. string
was set abour 1,600 fi below the mud-
line, was comprised of 11,160 ft of 16-
in. 97-ppf pipe and was set to a depth
of 19,815 ft. The string was run in 11.8-
ppg drilling fluid. The 16-in. liner and
the 8,600 ft of LSS had a total weight of
1,314,000 Ib, excluding the 115,000-1b
block and top drive.

Some minor problems were encoun-
tered during the run. A restriction in the
hydraulic system caused the forward-
block hydraulics to function improperly
and caused the LSS elevators w latch and
unlarch slowly. The elevators successfully
ran all 71 stands. However, they larer
were damaged when excessive pressure
was applied during troubleshooting. A
backup elevator was onboard.

One stand of the landing string
slipped, while being moved to the rotary
table. The pipe remained in the gripper
arms of the pipe racking system (PRS),
but slipped about 15-in. The heavier
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weight of the landing string pipe and the
coating on the PRS dies were determined
to be the cause. This stand was held back
and not used for the 16-in. liner run.
The PRS was run in the collar mode to
keep this from happening again.

The tolerance 1o get the pipe into the
elevator bushings was very tight. The
original design was reviewed with the ele-
vator’s original equipment manufacrurer,
and subsequently the door bushings were
chamfered to open the elevators entry
and facilitate moving pipe into it

During the 16-in. liner cement job,
a 4,400-psi pressure spike was experi-
enced, using a standard 636-in. drill pipe
wiper. [t is recommended thar engineers
work with the cementing equipment
supplier for a cementing dart design for
long landing strings.

13%-in. casing. The 13%-in. casing
string was the heaviest casing load thar
the operator had designed. This interme-
diate casing string was a tapered string
of 14-in. 114-ppf x 13%-in. 100-ppf
x 13%-in. 88.2-ppf pipe. It was ser at
23,599 fr. The casing and landing string
were run in 11.9-ppg drilling fluid and
had a total weight of 1.65 MM Ib, ex-
cluding the 75,000-Ib block. The 1.5-
MM-lb-capacity top drive was ser back
for this 13%-in. casing run.

Dhuring this aperation, with the casir:lg
in the wellbare, and more than half of the
landing string run, one of the rigs SCRs
went down. Ar this point, there was abourt
a 1.3-MM-Ib load at the rotary table. The
155 = L’quippﬂi with manual 20-in, s]ips
dressed for the 6%-in. tube, if required.
The rig crew set the 63%-in. manual Slipi
on the tube 1o keep the string from slack-

distributed berween the top drive and
wellhead. This practice worked well and
will be continued for future jobs,

CONCLUSION

The challenge, serting larger diam-
eter and heavier casing strings with toral
hook-loads approaching 2 MM Ib, has
been met by implementing a systems
approach. The LSS provides enginecred
and marched equipment components
required to successfully run long, heavy
casing strings, including 1,000-ton ¢l
evators, 1,000-ton slips and a 2-MM-lb
landing string tubular assembly.

This SVSICIT offers many ad'h'al‘ltagfs.
The LSS is adaprable ro differing rig con-
dirions and maintains normal rig-up and
pipe running procedures, Range 1 pipe
lengths and standard APl RSC permir
the use of available mechanized pipe han-
dling systems and iron roughnecks. Op-
erational savings come from faster make-
up and use of standard rig equipment.

In addition, the LSS limits the number
of rig-floor personnel required and pro-
motes safe operations by using familiar
operating procedures. The LSS permirs
flexibility by using standard AP@ RSC,
conventional slip designs and elevators.
The LSS is functional in all rig situations
or unscheduled EvEenils; like the SCR
failure example. The redesigned conven-
tional 20-in. slips can be set on the pipe
bady anytime during the running of the
LSS. The calculated slip-crushing capac-
ity for the landing string pipe body with
the 20-in. slip system is 1.8-MM-lb.

The LSS can be marched with other
conventional 63-in. landing strings 1o
pmr:luu: any {::IIIEEIHHIJIHH mquin:d and
alleviares the need for pup joints, cross-

avers, or different handling equipment.
Also, the LSS can be rotated, if required,
and be used to drill, if necessary.

Lessons learned in the manufacturing
and operational mode have improved
the system. The elevator bushings were
chamfered on the door segments to aid
in guiding the pipe into and out of the
elevators. The PSR will be run in the
collar mode. The cementing equipment
company will be involved in the design
of a properly sized dart.

LSS components are color-coded
to distinguish different pipe handling
equipment. A clearer understanding of
slip design for slip crushing and slip load-
ing was obrained. The welding process
was re-evaluated w improve alignment
of the HWSS during the welding pro-
cess. Modification of the digital weight
indicator is required with loads exceed-
ing 1.5-MM Ib. Lastly, The LS5 enables
the drilling engineer to il:nplcrn-rml: i cas
ing program that provides a strucrurally
sound well design, provides formarion
protection and minimizes drilling time
to reach the objective. WO
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irlg—-ﬂﬂ. uncontrolled.  They
were out of power for three
hours. The pipe moved freely,
once the crew could pick up
and move the string,

The digital weight indica-
tor software did not support
weights aver 1.5 MM b, so
the run was complered with
a Sperry Sun weight indica-
tor. Modification of the digital
weight indicator is planned.

The casing was landed and
spaced out, to land some of
the casing string weight on
the wellhead and some on the
slips, which facilitated picking
up the top drive. Once the top
drive was picked up, the slips
were pulled and the weight was

Fig. 5. The new landing string system successfully runs long,
heavy casing strings in the 1.5-2-MM Ib range.
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