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BACKGROUND OF THE INVENTION

[0004) 1. Field of the Invention

f0865]  This invention relates to a novel method and system for transporting, assembling,
storing, and disassembling oiifield tubulars in and around a single drilling deck, derrick, and
rotary system while driliing operations are simultaneousty and independently occurring.
[0006] 2. Description of the Related Art

[0607)  Drilling for oil and gas with a rotary drilling rig is being undertaken to increasingly
greater depths both offshore and on land. The increase in depth transtates into longer drilling

time, and increased cost. The cost to operate such rigs is already substantial (remal rates for



some offshore rigs can exceed U.S. $400,000 to $500,000 per day). Therefore, any
productive operation that can be accomplished independently of driliing operations to save
even small amounts of time in the drilling process is economically significant.

[0008]  The term “wbular” as used herein means all forms of drill pipe (inchuding heavy
weight drill pipe, such as HEVI-WATE™ rubulars), casing, drill collars, hiner, bottom hole
assemblies, and other types of tubulars known 1in the art. HEVI-WATE™ 15 a registered
trade mark of Smith International, Inc. of Houston, Texas. Drilling operations require
frequent stops when a small part of the tubular string extends above the drilling deck.
Additional tubulars must be moved from a storage rack and connected with the upper end of
the tubular string, which may cause significant delay i drilling. The length of a typical
single drill pipe section is 30 feet {about 10 m}. A stand is created by connecting together
two or more single sections of mbulars. In the past, stands have been assembled or made up
with four or five single sections of tubulars. A top drive rotary system is often used in place
of the rotary table to turn the drill string, and is now the prevalent method of rotary drilling.
One of the benefits of the top drive is that it can drill with pre-assembled mbular stands.
Therefore, the creation and handiing of tubular stands independently of the drilling process s

a potentially important way to save ume and money.
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[0009] A method and system of handling tubulars simultaneously with drilling operations
is described in U.S. Pat. No. 4,850,439 to Lund, the disclosure of which is incorporated
hérein by reference for all purposes. Lund proposes a preparation hole and an auxiliary hoist
for offline stand building. While drilling operations are occurring, Lund proposes a first
tubuliar being_ Iifted\in a verucal position when the auxiliary hoist is moved upward so that the
tubular is swung from the cable over and then Jowered into the preparation hole. Lund
proposes that another wbular can then be swung over the first ubular for connection (‘439
patent, col. 7, In, 38 to col. 8, in. 19). For a third tubular, if the free space below the top of
the preparation hole 1s less than the length of two tubulars, Lund proposes another auxihiary
hoist. In such circumstance, the preparation hole must be displaced or tilted from the vertical
suspension line of the first auxiliary hoist (‘439 patent, col. 9, In. 58 10 col. 10, in. 46).

[001G]  Another offline stand building method and system has been proposed by Smedvig
Asia Lid. of Singapore. Smedvig proposes a self erecting offshore tender rig to transfer and
erect drilling equipment on 2 platform. After the driliing equipment 1s erected on the
platform, Smedvig proposes 2 high line cable system to move rabulars from the tender rig to
the platform, a racker crane at the top of the derrick that moves parzallel to the driliing deck,

and two preparation oles.



[0011]  Smedvig proposes that while drilling operations are occurring on the platform, a
single tubular on the rig can be manually connected at both ends while in horizontal position
to .the high line cable system. The high line cable system is used to lift and transport the
tubular across the water from the rig to the pipe ramp on the platform, where the tubular is
manually dis;onnec‘aed. A gripping device conmected by cable to a hoist on the racker crane
is then manually connected to the upper end of the tubular on the pipe ramp. The tubular is
then hoisted in the vertical position, and swung from the cable over the first preparation hole.
The tubular is then lowered into the hole, and the gripping device released. The process can
be repeated with a second tubular, which can be swung into position in the second
preparation hole. The p'rocess can be repeated with a third wbular for connection with the
first wbular into a doubie stand. The double stand is then hoisted by the racker crane and
lowered for connection with the second tubular for a triple. The completed stand is hoisted
up and carried by the racker crane to a verncal tbular storage rack at the top of the derrick.
Smedvig also proposes that the first preparation bole can have an adjustable bottom for
acceptance of different size rubulars.

10012]  Another offline stand building method and svstem is proposed in U.S. Pat. No.

6,976,540 to Berry, the disclosure of which is incorporated herein by reference for all



purposes. Berry proposes, among other things, a load and preparation pipe handiing device
(“preparation device™), a storage pipelhandling device (“storage device™), and _tubular storage
areas at the top of the demrick. The preparation: device includes a vertical truss rotatable about
1ts longitudinal axis. The preparation device includes a gripping device attached at the end of
a hoisting cabie extending out from the vertical truss. The gripping device is manually
attached to one end of a tubular that has been placed near the preparation device on the
catwalk or the pipe ramp so that when the cable is retracted back toward the preparation
device, the lifted tubular is swung from the cable, similar to the Lund and Smedvig systems.
{0613]  Berry then proposes that the truss can then swing the vertical tubular in a circular
path to a first preparation hole, which has been placed along the path. The preparation device
can then lower the first fubular mnto the first preparation hole. Using two preparation holes,
much like the Smedvig system, 2 stand is assembled. The assembled stand 1s then lifted
vertically by the preparaton device to the top of the derrick, and directly exchanged 10 the
storage device, which can either store 1t or wansport it for driliing operatons (‘540 parent,
col. 7, Ins. 26-40 and col. &, ins. 30-35).

(0014}  The oil industy has proposed svstems for the online transferring of mbulars from

the horizontal position on a pipe rack to the verncal posiuon over the well center. One such
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system 1s proposed 1n U.S. Pat. No. 4,834,604 to Brittian et al., the disclosure of which is
incorporated herein by reference for all purposes. Brittian proposes a strongback connected
to a boom that is pivotally fixed to a base located adjacent to the rig. The strongback
wansiers the tubular directly through the V-door from a horizontal position to a vertical
position so that 2 connection between the tubular and the mubular siring can be made.
Another system is proposed in U.S. Pat. No. 6,220,807 1o Sorokan, the disclosure of wnich is
mcorporated herein by reference for all purposes. An online pipe handling system 1is
proposed for using a bicep arm assembly pivotally connected to a drilling rig, and a forearm
assembly and a gripper head assembly both pivotally connected to the bicep arm assembly.
The gripper head assembly grabs the horizontal positioned wbular on the pipe rack adjacent
to the ng, and rotates the tubular to a vertical positon over the well center,

[0615] A horizontal to vertical pipe ’dandiing system is proposed in Pub, No, US
2006/0151215 to Skogerbo. Skogerbo discloses an Eagle Light/HTV-Arm, which is
distributed by Aker Kvaerner MH of Houston, Texas. The Eagle Light HTV (horizontal to
vertical) device is proposed for online transfer of tubulars from = borizonta! position at the
catwalk 1o a verucal posiuon in the derrick directly over the well center or into the

mousehole. Aker Kvaemmer MH also distributes bridge crane systems and storage



fingerboards. National Oilwell Varco of Houstorn, Texas also manufactures a simiiar HTV
online pipe handiing device.

[0016]  Another online method and apparatus for transferring tubulars between the
horizontal position on the pipe rack to the vertical position over the well center 1s proposed in
U.S. Pat. No. 6,705,414 10 Simpson et al. Simpson proposes a bucking machine to build
tubular stands 1n the horizontal position on the catwalk. A completed stand is honizontal at a
trolley pick-up location, and becomes vertical at the nig floor entry. The stand, clamped to a
trolley, 1s pulled along and up a track with a cable winch. A vertical pipe racking device
located in the upper derrick is proposed 10 wansfer the stand directly from the troliey.

{6017}  The disadvantages of the above tbular handling methods and systems include
significant human physical contact with the wbulars and lifting equipment at numerous umes

and locations, wiich can result in costly delay or possibie injury. The alignment and transfer
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operations are lengthy and complex. The paths of the tubulars m the offline stand building
are not fully restricted, which creates delay and safery hazards. The offline stand building
Operation may be interrupted when equipment 1s being used in the online drilling operations.
Therefors, z more efficient mathod and systern for handhing wbulars that mimimizes or

eliminates human physical contact with the rubulars and lifing equipment, restricts and



controls the path of the tubulars throughout the entire offline operation, requires minimal
inefficient movement of the tubulars, and eliminates any potential interruption of the tubular

building and drilling process would be desirable.

BRIEF SUMMARY OF THE INVENTION
[0018] A system and method for building and handling oilfield tubular stands is disclosed
that utilizes a single dernick, drilling deck, and rotary system, and separates the dniliing
process from the offline stand building process. A guided path horizontal to vertical arm
(“HTV™") lifts tubulars stored horizontally on the carwalk, and then moves the whulars in 2
single verucal plane such that no interference occurs with the dnlling process, and muluple
articulated motions are reduced. The HTV mowves the tbulars between the carwalk and the
preparation hole for assembiing or disassembling the tubular stands. A stand arm 1s
positioned for lifung and lowering the wbulars into and out of the preparation hole, and
trensportng the tubulars vertically for storage into an awtiliary wbular racking station in the

upper part of the derrick.



f0019] A bridge racker crane also mounted in the upper part of the derrick removes
tubular stands from the auxiliary tubular racking station and transports them to either the
top drive, or to another tubular racking station in the derrick. Using the auxiliary tubular
racking station, the offline stand building operation is advantageously uninterrupted when
the bridge racker crane is unavailable due to its need to participate in the simultaneously

occurring drilling operations.

[0019a] In view of the above, in accordance with a first aspect of the present invention,
there is provided a system for drilling. The system comprises a drilling deck having a well
center; a drilling structure disposed with said drilling deck; a primary tubular advancing
station for advancing a first tubular from a substantially horizontal position to a

substantially vertical position above said well center; a stand arm disposed with said

arm positioned adjacent to said stand arm to guide the second tubular from a substantially
horizontal position to a substantially vertical position adjacent to said stand arm, wherein
said stand arm and said guided path arm are configured to operate during advancing the
first tubular to said well center and independently of said primary tubular advancing

station,

[0019b] In accordance with a second aspect of the present invention, there is provided a
system for drilling. The system comprises a drilling deck having a well center; a drilling
structure positioned on the drilling deck for simultaneously supporting drilling operations
and operations auxiliary to the drilling operations; a primary tubular advancing station
disposed with said drilling structure for advancing a first tubular to said well center; an

auxiliary tubular handling station disposed with said drilling structure for handling a



second tubular simultaneously with said primary tubular advancing station advancing the
first tubular; and a guided path horizontal to vertical arm positioned adjacent to said
auxiliary tubular handling station to guide the second tubular from a substantially
horizontal position to a substantially vertical position above said auxiliary tubular handling
station; wherein the first tubular does not interfere with said auxiliary tubular handling
station and said guided path arm as the first tubular moves over said drilling deck and to

said well center.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] A better understanding of the present invention can be obtained with the
following detailed descriptions of the various disclosed embodiments in the drawings:
[0021] FIG. 1is an elevational view of the present invention on an exemplary
embodiment of a drilling rig. -
[0022]  FIG. 2 is a section plan view taken along line 2-2 of FIG. 1 showing the
catwalk, the primary tubular advancing station, the primary tubular handling station, and
the auxiliary tubular handling station.
[6023]  FIG. 2A is a plan view showing the stand arm, the preparation hole, and the
auxiliary tubular racking station in alternative locations relative to each other as compared

with FIG. 2 and the other drawings.
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[0024] FIG. 3 is a section plan view taken along line 3-3 of FIG. 1 showing the bridge
racker crane, the auxiliary tubular racking station, and the first and second tubular racking
stations.

{0025]  FIG. 4 1s a section elevational view taken along line 4-4 of FIG. 1 showing the
bridge racker crane, the first and second twbular racking stations, and in phantom view the
bridge racker crane in different positions with and without the casing frame.

[0026] FIG. §is a section elevational view taken along line 5-5 of FIG. 1 showing the V-
door of the drilling rig and the guided path horizontal to vertical arm (“HTV™).

[0627]  FIG. 6 is an enlarged elevational view of the HT'V with a tubular shown in the
horizontal posiﬁon in solid line and in the vertical position in phantom view.

{0028  FIG. 7 is an elzvational view of the HTV, rotated 90° about the vertical axis from
Fig. 6, ‘,Vith the ubular in the horizontal position.

[0029]  FIG. 8 15 an enlarged detailed elevational view of the bridge racker crane of the
present invention.

[6030] FIG. 915 a detailed elevational view of an attachment for the bridge racker crane to

handle casing secuons or stands.
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[6€31] FIG. 10 is an elevational view of the preparation hole shown in broken view with
portions of the pulley cable shown in phantom view.

[6632] FIG. 11 1s an elevational view of the preparation hole, rotated 90° about the
vertical axis from FIG. 10.

[6033] FIG. 12 is an enlarged detailed view of the preparation hole of the present
invention as shown in FIG. 11,

[6034]  FIG. 13 is a section view of the preparation hole taken along line 13-13 of FIG. 10.
[0035]  FIG. 14 is a section view of the preparation hole taken along line 14-14 of FIG. 10.
[0036] FIG. 15 is a section view of the preparation hole taken along line 15-15 of FIG. 10.
{0037}  FIG. 16 is an eievation view taken along line 16-16 of FIG. 2, illustrating the HTV
lowered for gripping & tubular in the first horizontal position.

{0038] FIG. 17 is a view sumilar to FIG. 16 with the HTV and the tubular in the raised
second horizontal position.

[0039]  FIG. 18 is a view similar to FIG. 16 with the HTV guiding the tubular to a vertcal
position aligned with the preparation hole, as shown in FIGS. 10 and 11, and additionally
illustranng the deck crane delivering a casing section to the online carriage for advancement

to the well center.

bt
—



[0040] FIG. 1915 a view similar to FIG. 16 with the HTV lowering the tubular into the
preparation hole while the casing section is simultaneously positioned on the online carriage.
[0041] FIG. 2015 a view similar to FIG. 16 with the HTV raised, and the stand arm lifting
the drill pipe section up and out of ahignment with the preparation hole while the casing
section, moved by the online carriage owards well center, is simultaneously being gripped by
the top drive.

[0042]  FIG. 21 is a view similar to FIG. 16 with the HTV gripping a second drill pipe
section while the casing section is simultaneously being lowered by the online top drive
above the well center.

10043] FIG. 22 1s a view similar to ¥IG. 16 with the second drill pipe section guided into
alignment with the preparation hoie while the casing section 1s lowered by the oniine top
drive into the well center.

[6044]  FIG. 23 is 2 view similar to FIG. 16 with the second drill pipe section lowered into
the preparation hole and being connected with the first drill pipe secton with a tubular make
up device while the casing section is simultaneously lowered into the well center.

[0045]  FIG. 24 is a view similar to FIG. 16 illustrating the HTV with a third drill pipe

section in the raised second horizontal position before bemng guided into alignment with the

Py
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preparation hole, the connected first and second drili pipe sections shown being lifted by the
stand arm out of alignment with the preparation hole to allow the third tubular to be received
into the preparation hole.

[0046]  FIG.25is a view similar to FIG. 16 with the first and second tubulars being
connected wi_tb the third tubular by the tubular make up device.

[0047]  FIG. 261s a view similar to FIG. 16 with the stand arm lifung the stand of three
tubulars from the preparation hole to the auxiliary mbular racking station.

[0048] FIG. 2715 a view similar to FIG. 16 with the bridge racker crane, as shown in
FIGS. 3, 4 and 8, gripping the stand of tubulars from the auxiliary wbular racking station and
moving the stand to a drill pipe racking station.

[0049] FIG. 28 is a view similar 1o FIG. 16 showing the HTV with 2 casing secton in the
second horizontal position while the bridge racker crane, with the casing attachment of FIiG.
9, 1s simulianeously positioning a stand of casing in the auxiliary rubular racking station.
[8050]  FIG. 29 1s 2 view similar to FIG, 16 showing a casing section raised from the well
center by the top drive and laid down onte the carriage, and the laydown wolley on the wp of

the carmage being driven in the direcuion of the arrow to tilt the casing secuor.
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{0051}  FIGS. 304, 30B AND 30C illustrate the circuitry for the simultaneous pipe
bandling system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
{0052}  The present invention involves a system and method for offline building of tubular
stands, while drilling operations are simultaneously and independently occurring, As shown
in the drawings, this offline stand building comprises moving tubulars from a horizontal
position on the catwalk 22 adjacent to the V-door 26 of the derrick 18, lifung and guiding the
tubulars in the same plane to a vertical position directly above a preparation hole 46 with 2
horizontal to vertical arm 48, lowering the vertically positioned tbulars into the preparation
hole 46, using a stand arm 58 to move the twbulars in the ve;‘tical position for connection into
a stand by an auxiliary tubular make up device 53¢, and transporting the stand vertically to an
auxiliary tubular racking station 60 in the upper part of the derrick 10, A bnidge racker crane
86 transports the rubular stands from the auxililay tubular racking station 60 to either the top
drive 12, or to first 128 or second 136 wubular racking stations.
[0853]  An exemplary drilling rig, generally mdicated as R, of the invention is shown in
FIG. 1, Although an offshore cantlever jack-up rig R 1s shown, other dnlling rig or structure

configurations and embodiments are contemplated for use with the invention both for
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offshore and land drilling. For example, the invention is equally applicable to drilling gs
such as semi submersibles, submersibles, drill ships, barge rigs, platform rigs, and land rigs.
Also, although the following 1s described in terms of oilfield drilling, the disclosed
embodiments can also be used in other operating environments for non-petroleum fluids.
Further, althqugh the use of a top drive or power swivel is preferred, the imvention can also be
used with other rotary systems, including, but not limited 1o, a rotary table.

[0034] Reviewing both FIGS. 1 and 2, a drilling structure or derrick 10 extends above the
drilling deck 16. A top drive 12 or power swivel is preferably used to rotate the drill string
and bit in the borehole. The top drive 12 is suspended from the traveling block in the
convenuonal manner. A drilling hoist or drawworks is mounted in the derrick 14, as is
known by those of ordinary skill in the art. The top drive 12 is aligned vertically with the
well center 14 in the driliing deck 16.- A deck revolving crane 18 is mounted on the rig R for
use in lifting and moving tubulars 26.

[0055] Capwalk

[0056) InFIG. 2, the carwalk Z2 1s supported on the top of the catwalk truss structure 24

{(see FIGS . 5 and 17) adjacent to the drilling deck 16. As best shown 1n FIG. 5, the carwalk

F

22 is in the same plane as the drilling deck 16, and is adjacent the V-door 26 of the derrick
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10. Although a single V-door 26 1s shown, it should be understood that derricks may contain
more than one V-door, and that the mbulars transported or moved in the present invention
may be staged through different V-doors. Turning back to FIG. 2, the online or primary side
of the catwalk contains the primary rubular handling station 28, which includes a carriage 30
whose longitudinai axis or centerline is substantially in alignment with the well center 14, A
mechanically driven pusher woliey 38 on the carriage 30 is provided 1o move tubular 36 to
and from the well center 14, Although a single catwalk 22 and catwalk truss structure 24 is
shown, it should be understood that two different catwalks and supporting structures could be
employed to support the primary tubular handling station 28 and the auxiliary wbular
handling station, generally indicated at 54, as will be described below. Further, it should be
understood that the two different carwalks could be set at different orientations and/or
elevations. Although the base 25 (FIG. 17) of the column supporting the catwalk tuss
structure 24 1s shown as fixed, 1t should be understood that rollers are contemplated at the
base 50 that the carwalk truss structure 24 could be rolled with the drilling deck 16 and
derrick 16 if they were also configured 1o move between well locations.

[0057] A primary wbular advancing station 13 comprises at least the well center 14, Also,

a drilling hoist, the top drive 12, a tubular make up device 42, and other equipment necessary



to advance tubulars mto the well center 14 can be provided in the primary tubular handling
station 13. A mousehole 32 1s located radially outward from the well center 14, and is
pdsitioned substantially on a iine between well center 14 and the longimdinal centerline of
the carnage 30. The carriage has wheels that run on two parallel rails 34 mounted on the top
of the catwalk 22. The rails 34 extend across the drilling deck 16 10 a location near the well
center 14.

[0058]  Asshown in FIG. 2, a single tubular 36 can be placed on the top of the carriage 30.
The carriage 30 transports the tubular 36 along the rails 34 from the primary tubular handling
station 28 to the mousehole 32 or well center 14. A pusher trolley 38, whose wheels run on
two paralliel rails mounted on top of the carriage 3¢, pushes the tubular 36 toward the well
center 14 or mousehole 31. A bydraulic lifter 39 (shown in elevation in FIG. 20) is located at
the end of the carriage 3¢ nearest the well center 14. A section of the top surface of the
carriage 30 1s hinged so that the hydraulic lifter 39 can raise the unhinged end to elevate the
end of the twbular 36 nearest well center 14, The top drive 12 or other similar equipment can
then engage the tubular 36 for lifung. When tubular 36 is removed from the well center 14,
the pusher wolley 38 can be replaced with a laydown wolley 40 (shown in storage m FIG. 2;

and shown in use in FIG. 29) 1o receive the lower end of the verucal tubular when the
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carriage 30 is moved near the well center 14. A remotely operable tubular make up device 42
{also known to those skilled in the art as an iron roughneck) is positioned near the well center
14' and the mousehole 32 for use in assembling and disassembling tubular stands.

10059 HIV

[0060]  As further shown in FIG. 2, the offline or auxiliary side of the catwalk 22 has a
pipe rack 43 for the horizontal staging of tubulars. As discussed below, pipe rack 43 is
fabricated for the placement of one tubular 44 substantially in alignment with a preparation
hole 46. As will be discussed below in detail, the tubular 44 is preferably in alignment with
the preparation hole 46 to facilitate the guided path movement of the tbular by the horizontal
to vertical arm 48 (referred to as HTV). The pipe rack 43 preferably stores approximately 5
auxiliary mbulars. Any rype of tubular can be placed i the area for pick up by the HTV 48,
As best shown in elevation view in FIG. 5, the pipe rack 43 has a hydraulically operated
mdexing arm assembly 56 that rolls the tubulars toward the pick up location for the HTV 48
Hydraulically activated separgtors 52 isolate the one tubular 44 that is to be gripped by the
HTV 48. The pipe rack 43 1s also indexed or marked so that the operator of the deck crane
18 can place the tubulars in 2 consistent location. The deck crane 18 is used to place wbulars

on both sides of the carwalk 22 (see FIG. 18). Tubulars on the carmage 30 and on the pipe
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rack 43 are both in the horizontal position, are parallel to each other, and have access to the
V-door 26 of the derrick 10.

[0061]  An auxiliary tubular handling station, generally indicated as 54, is shown in FIG. 2.
The auxiliary tubular handling station 54 comprises at least a stand arm or pick up arm 58.
Also, the HTV 48 and the preparation hole 46 and an auxiliary wbular make up device 56
(e.g. ron roughneck) can be provided in and/or adjacent 1o the auxiliary wbular handling
station 54. FIG. 2A illustrates the capabiiity of the stand arm 58 o grip tubulars in either,
when lowered, the preparation hole 46 on the drilting deck 16 {shown in phaniom view), or,
when raised, in the auxiliary tubular racking station 60 mounted up in the derrick. FIG. 24
shows an alternative configuration to that shown in FIG. 2 and the other drawings of the
location of the stand arm 58 in relation to the auxiliary wbular racking 6€. FIGS. S and 7
show the auxiliary tubular handling device or HTV 48 as seen from the catwalk 22. FIG. 6
best shows the HTV 48 gnipper assembly 62 having grippers 624 or 62B that grips & mbular
44 as shown in FIGS. 6 and 7. The HTV 48 has a single arm. The HTV 48 moves verncally
and perpendicular with the drilling deck 16 using a hoist &5 (see FIG. 16) driven wolley
assembly 64 that is mounted o two rails 66 attached 1o a substanually verucal frame 68

connected to the derrick 10, The hoist can also be mounted on the drilling deck 16. Itis



contemplated that a rack and pinion or a hydraulic cylinders mechanism could be used in iiéu
of a hoist dniven system. The HTV 48 is fabricated so that it can grip a substaptiaily
horizontal rubular from the pipe rack 43 on the offline side of the catwalk 22, lift the wbular
vertically from the catwalk 22 while keeping the tubular substantially horizonal to a second
horizontal pqsition {shown in FIG. 17}, and thereafter guide the tubular in the same plane 90°
so that the tubular 72 is in vertical alignment with the preparation hole 46 (shown in FIG. 18).
The size, shape, and configuration of the HTV is exemplary and illustrative only, and other

sizes, shapes, and configurations can be used to create the same guided movement of the

. wbular,

{0062}  Preparation Hole

[0063]  The preparaton hole 46 is shown in detail in FIGS. 10 10 15. The depth of the
preparation hole 46 can be adjusted for the different iengths of mbulars placed in it. The
variable length is necessary to accommodate, for example, drill pipe (27 to 32 feet), and
casing (37 to 43 feet). The depth of the preparation hole 46 can be adjusted so that there 1s
enough of the tubular extending above the drilling deck 16 1w allow the auxiliary tubular
make up device 36 to grip the tubular in the hole 46 and connect or disconnect it with another

tubular above the hole 46. The HTV 48 can also set the lower end of 2 tubular in the



preparation hole 46, and the tubular can be independently advanced into the bole, as shown in
FIGS. 10 to 15, after it is released by the HTV. The preparation hole 46 can hold smaller
tubulars, such as completion tubing (for example 2 7/8 inch OD), and larger tubulars, such as
casing (for example 9 5/8 inch OD). Since different diameter tubulars will be placed in the
preparation ‘z;oic 46, it is contemplated that the preparation hole 46 could include a centralizer
to center the tubular so that the vertical centerline of the wbular remains 1o vertical alignment
with the vertical centerline of the preparation hole 46. The centralizer could comprise an
inflatable member or hydraulically radially inwardly driven members to center the tubular.
[06064] Stand Arm

{0065] Returning to FIGS. 2 and 24, the stand arm 58 can pick up a single tbular 26 or
stands of two or more tubulars. Preferably the stand arm 58 has a gripper head 74 attached to
the end of a telescoping arm 76. The gripper head 74 allows tubulars to be rotated while
within its grip, as the tubulars are threaded. The pick up point for a rubular is shightly below
the “upset” location on the rubular where the ourside diameter (OD) of the tubular changes
diameter. As best shown in FIG. 20, the stand arm 58 is mounted t0 a hoist 78 driven wolley
assembly 80 (see plan view in FIG. 2A) that moves vertcally and perpendicular with the

drilling deck 16. The trolley assembly travels on two vertcal rails 82 that are attached 1o 2



substantially vertcal frame 84 mounted to the derrick 10, Although the hoist is shown on top
of the vertical frame 84, it should be understood that the hoist could also be mounted on the
dﬁiiing deck 16. Although a hoist driven system is shown, it should also be understood that 2
rack and pinion or hydraulic cylinders drive system could be used instead. As shown in FIG.
2, the stand arm 58 could move in a horizontal plane along the longitudinal axis of the troliey
assembly 80, which is parallel to the line between the tubular 44 and the preparation hole 46,
A telescoping arm 76 (see FIG. 2A) could be used to allow the stand arm 58 to extend and
retract in 2 hotizontal plane perpendicular to the line between the tubular 44 and the
preparation hole 46. While the stand arm 58, as shown in FIG. 2, does not rotate about a
vertical axis, the alternate embodiment stand arm 58, as shown in FIG. 2A, can pivot abour
pivot pin 58A i & horizental plane about 2 vertical axis. In either embodiment, when the
stand arm 1s 10 its lowest position near the dnliing deck 16, the telescoping arm 76 can extend
out to grip with the head 74 tubulars extending out of the preparation hole 46, The stand arm
58 is fabricated to lift 2 tubular or stand out of the preparation hole 46, and thereafter retract
and either move or rotate so as to hold the tubular or stand in a substantially vertcal position
in the area of the auxiliary mubular handling staton 54 but out of the path of a tubular moved

by the HTV to the preparation hole 46. The stand arm 38 is also fabricated 1o reverse the
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steps for controlled movement of a tubular or stand from the auxiliary tubular racking station
60 to the preparation hole 46 for disconnection by the auxiliary tubular make up device 36.
The stand arm 58 length and load carrying ability is adjustable for any combination of
different sized tubulars. The stand arm 58 1s further capable of controlled movement of a
tubular stand in a vertical position up the derrick 10, and placing it in the auxiliary tubular
racking station 60.

[0066) Bridge Racker Crane

{0067,  Asshown in FIGS. 3 and 4, a bridge racker crane 86 is mounted in the upper part
of the derrick 16, Two parallel horizontal support beams 88 for the bridge crane 86 are
attached in the upper part of the derrick to the derrick uprights 90. Each support beam 88 is
preferably positioned an equal distance from the well center 14, so that the center of the
bridge crane 86 can be moved in verucal abignment with the well center 14, Rails 92 are
mounted 1o the top of each of the support bearns 88. The crane bridge beam 94 spans
horizontal and perpendicular between the two support beams 88. The crane bridge beam
carriage assemblies 96 (see FIGS. 4 and 8) have wheels 98 attached to and resting on their
respective rails 82, As illustrated 1n FIG. 4, ar least one end carriage assembly has a rack and

pinion drive unit 100 to move the bridge beam %4 along the rails 92. A cross wavel uwnut 102,
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as shown in FIG. 4 and in section view in FIG. &, is mounted on the bridge beam 94. The
cross travel unit 102 has wheels 104 that that run on the bridge beam 94, and a rack and
pinion drive unit 106 to move the cross travel unit 162 along the length of the bridge beam
94. A slewing ring 108 under the cross travel unit 102 connects with a mast and cylinder
guard truss 110 mounted under the cross travel unit 102, The slewing ring 108 allows the
truss 110 to rotate about & vertical axis, as best shown in FIG. 4. As shown in FIG. 8, a grip
head assembly 112 is mounted 1o the fruss 110 by & wolley assembly 1314, The wheels 116 of
the trolley assembly 114 run on vertical rails 1 18 mounted on the wuss 116. The wolley
assembly 114 is raised and lowered with a system of pulleys 12€. Although a system of
pulieys 120 is shown, it should be understood that bt‘ner systems are contemplated, such as
rack and pinion and hydraulic cylinders.

[0068]  Due to the difference m length berween casing and drill pipe, casing stands
typically consist of two tubulars, whereas drill pipe stands typically consist of three wbulars.
As shown in FIG. 9, when casing is being hendled, a casing frame 122 can be attached 1o the
trolley assembly 114 mounted on the wruss 118, The éasing frame 122 1s attached 10 the

trolley assembly 114 at the siorage hanger points 124 of the casing frame 122. The casing
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frame 122 has a casing grip head 126 that can be used to grip casing in the vertical position at
the location of the upset or collar.

{0065  Tubular Racking Stations

[0670]  Asshown in FIGS. 3 and 4, three tubular racking stations are mounted in the upper
derrick 10 for storage of tubular stands. The first tubular or casing racking station 128
{(shown in elevation in FIG. 4) 1s set at a lower elevauon than the second tubular or drill pipe
racking station 130. It is anticipated that the shorter tubular stands, such as casing, will be
placed in the first bular racking station 128, whereas longer stands, such as drill pipe, will
be placed in the second whbular racking station 13¢. Both first and second twbular racking
stations {128, 138) are conventiona! finger boards as understood by those skilled in the art,
Remotely operabie spears or lances 129 are used to hold the tubutars into positon while in
storage. When the derrick arrangement precludes the spears or lances 129 extending bevond
the envelope or footprint of the derrick 10, convenuonal fingers, such as used on toe first 128
or second 130 tubular racking stations, are contemplated. The auxiliary racking station 69 1s
mounted below the first tubular racking station 128. The bridge racker crane 86 is able to
travel over the area of all three racking stations, as well as the well center 14, It can

maneuver tubulars into and out of all three tubular racking stations. The bridge crane can
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also move tubulars between any of the three tubular racking stations and the top.drive 12. A
derrick man’s control station cab 132 (as shown in FIG. 4) is mounted in the upper derrick 10
for control of the bridge crane 86, the auxiliary tubular racking station 60, and the first 128
and second 130 tubular racking stations. The block control diagram for the derrick man’s
control station cab 132 1s shown m FIG. 30A. A drill floor control station cab 134 is
mounted on the derrick 10 above the drilling deck 16 (as shown in FIG. 5) for conwol of the
HTV 48, stand arm 58, preparation hole 46, and carriage 30¢. The block control diagram for
the drill floor control station cab 134 is shown in FIG. 30B. FIG. 30C shows the connection
of both control stations with the centralized power unit 140.

[6671] Method of Use

[0672]  Offline

[0073]  The present invention is also directed to a method of offline stand building while
drilling operations are simultaneously and independently occurring. It should be understood
that while the offiine stand building operation occurs as described below, drilling operations
may be simuitaneously occurring. For example, while offline stand building is occurring, the
bridge racker crane 86 can remove completed tubular stands from any of these three wbular

racking stations 60, 128 or 130 and carry them to the top drive 12 for drilling or placement in

[\
O



the well center 14. Alternatively, single horizontal tubulars, such as tubular 36, can be
advanced from the carmage 30 directly to a location near the well center 14. The top drive 12
can attach to the end of a singie tubular 20 (FIG. 20), lift it into the vertical position (FIG.
21), and move it through or stab it into the wbular extending above the well center 14, The
top drive 12 can be engaged for drilling, and the process repeated when another tubular is
needed.

[0074] 1t sbould also be understood that while the method of building stands of three
tubulars is described below, the same method can be used for the construction of stands with
other pumbers of tubulars. With that understanding, according to one exemplary embodiment
of the method of the invention, an offline tubular stand may be assembled in the following
manner:

[0675)  As shown in FIG. 16, the HTV 48 grips a single tubular 44 (referred to as the first
tubular) on the pipe rack 43 on the offline side of the catwalk 2Z while In the first horizontal
positon. The first tubular 44 1s lifted swaight up perpendicular to the catwalk 22 fo the
second horizontal position, as is shown 1o FIG. 17. The tubular is then rotated 90° in the
same plane so that it Is in vertical alignment with the preparation hole 46 (FIGS, 6 (phantom

view) and 18). As shown in FIG. 19, the HTV 48 then lowers the verucal tubular 44 straight
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down into the preparation hole 46, where the tubular 44 1s released by the HTV 48. The
preparation hole 46 15 adjusted so that when the tubular 44 is released, a portiqn of the mbular
44 remains above the drilling deck 16. The HTV 48 moves swaight up vertically, and
simultaneously rotates back 90° to the second horizontal position (FIG. 20). While the above
acuons of the HTV 48 are simultaneously occurring, the stand arm 58, which is at its lowest
vertical position near the drilling deck 16 (FIG. 2A phantom view), extends to the preparation
hole 46 and grips the first tubular 44. As shown in FIG. 20, the stand arm 58 lifts the rubular
44 out of the preparation hole 46 while maintaining the wbular in the vertical position. The
stand arm 58 thereafter retracts and moves and/or rotates so as to move the vertical bular
out of vertcal alignment with the preparation hole 46 in the area of the auxiliary tubular
handiing station 58 so as not to mterfere with the path of the HTV 48.

[0676]  Asshownin FIG 21, the HT'V 48 lowers to the first horizontal position, where it
grips another single tubular 70 (referred to as the second tubular) that has been rolied into
position with the indexing arm assembly 36 on the pipe rack 43 on the offline side of the
catwall 22 (FIG. 5). The HTV 48 then moves straight up to the second horizontal position,
similar 1o the positon of FIG. 20 and again rotates 90° in the same plane aligning the second

rubular so that it is vertically over the preparation hole 46 (FI1G 22). The HTV 48 lowers the



second tubular 70 into the preparation hole 46, and releases it. The HTV 48 then
sirnultaneously moves straight up and rotates 90° back to the second horizontal position. As
is shown in FIG. 23, simultaneously while that oceurs, the stand arm 58 extends and moves
or rotates back 0 as to verucally align the first tubular 44 over the preparation hole 46. The
stand arm 58 then lowers the first tubular 44 so that the auxiliary tubular make up device 56
can connect it with the second tubular 70 (FIG. 23). The stand arm 58 then lifts the tubular
stand (44, 70) out of the preparation hole 46, and again retracts and moves or rotates to move
the vertical stand (44, 70) out of alignment of the HTV 48 with the preparation hole 46, As
shown in FIG. 24, while the stand arm 58 is performing such operations, the HTV 48
simultaneously picks up, lifts, and rotates a third wbular 72 in the same manner as previously
described. The HTV 48 lowers the third tubular 72 into the preparation hole 46, and reieases
it. Again, a portion of the third tubular 72 remains extended out of the preparation hole 46
above the drilling deck 16, The stand arm 58 moves the tubular stand (44, 78) back into
alignment with the preparation hole 46, and lowers the stand (44, 70} over the third rubular 72
for connection by the auxiliary tubular make up device 56 (FIG. 25).

{0677}  Asshown in FIG. 26, the stand arm 38 Lifts the completed stand (44, 70, 72) out of

the preparation hole 46 and moves it in a vertical position to the auxiliary racking staton 60



for placement and release. The stand arm 58 can extend and move or rotate as necessary to
maneuver tubulars between the preparation hole 46 (FIG. 2A phantom view) and the
aﬁxiliary racking station 60 (FIG. 2A solid lines). While the auxiliary racking station 60
preferably has capacity for approximately 10 tubular stands, other capacities are
contemplated.

{0078]  Asshownin FIG. 27, the bridge crane 86 can remove a tubular stand {(shown for
tlustrative purposes as a drill pipe stand (44, 7€, 72) although any other stand in the staton
60 could have been used) from the auxiliary racking station 60 when not performing online
operations. The bridge crane 86 can move a stand to either the first 128 or second 136
tubular racking stations as appropriate and necessary, or it can move a stand directly 1o the
top drive 12. The same operation is shown in FIG. 28 with a tubular stand (444, 70A) of
casing. The casing frame 122 is attached to the bridge crane 86 for handling casing stands
that have been placed in the first wbular racking station 128, The remotely operable lances
129 are shown in end view in the first mbular racking staton 128.

[0079]  As cannow be seen from the above, as the bridge crane 86 is being used for online
operations, then the offline stand building actviues can still continue uninterruptecd. The

bridge crane 86 is not in the crincal path of the offline stand building operaton. There will
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be occasions when the bridge crane 86 will work with either the offline or online operations,
and not hinder the speed and functionality of the other operation.

(0080  Online

[0081]  While FIGS. 16 to 28 wers described above relative to the offline operations,
FIGS. 18 w0 22 aiso ilustrate how the primary or online drilling operations can proceed
simultaneously with these offline operations. As shown in FIG. 18, the deck crane 18 places
a tubular 20 on the carriage 30 while the offline operation is occurring. As shown in FIGS.
19 to 20, the carriage 30 moves the mbular 20 across the drilling deck 16 and toward the well
center 14. The hydraulically activated front pipe lifter 39 slightly elevates the end of the
tubular 20 near the well center 14, where the tubular is gripped by the top drive 12 (FIG. 20).
The top drive 12 then lifts the tubular 20 1o the vertical position (FIG. 21) in alignment with
the well center 14, and thereafrer lowers the ubular 20 (FIG. 22). The above steps can be
performed again with a second whbular so that the second tubular is positioned for connection
by the tubular make up device 42 with the wbular extending above the well center.

[0082) Lavdown

[00€3]  The online and offline operations can also be symulianeouslty and independently

performed in reverse order from that described above for removal, disconnection, and
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laydown of tubulars. In the primary or online operation, the top drive 12 pulls the bular
string up through the well center 14 for the disconnection of either a single mbular or a
tubular stand from the string using the tubular make up device 42. If a rubular stand is
disconnected, it can theg be lifted up the derrick 10 for transfer to the bridge crane 86, and
transported to one of the tubular racking stations. The stands of tubulars can be
simultaneously and independently disconnected and moved to the pipe rack 43 on the offiine
side of the carwalk 22 using the stand arm 58 and the HTV 48. If e single wubular, for
example tubular 20 (FIG. 29), is disconnected, it can then be maneuvered with the top drive
12 so that the lower end of the vertical tubular 20 is placed on the laydown wolley 40
positioned at the end of the carmage 30, which carriage has been positioned near the well
center 14. The carnage is then moved away from the well center 14 and back toward the
catwalk 22 as shown in FIG. 29.

10084]  The foregoing disclosure and description of the invention is illustrative and
explanatory thereof, and various changes in the details of the illustrated system and
construction and the method of operation may be made without departing from the spint of

the mmvenuon.
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CLAIMS:

1. A system for drilling, said sysiem comprising:

a drilling deck having a well center;

a drilling structure disposed with said drilling deck;

a primary tubular advancing station for advancing a first tubular
from a substantially horizontal position to a substantially vertical position
above said well center;

a stand arm disposed with said drilling structure for handling a

second tubutar; and

a guided path horizontal to vertical arm positioned adjacent to said
stand arm to guide the second tubuiar from a substantially horizontal
position fo a substantially vertical position adjacent to said stand arm,
whereih said stand arm and said guided path arm are configured to
operate during advancing the first tubular to said well center and

independently of said primary tubular advancing station.

2. A system for drilling, said system comprising:

a driliing deck having a welt center;

a drilling structure positioned on the drilling deck for
simultaneously supporting drilling operations and operations auxiliary 1o
the drilling operations;

a primary tubular advancing station disposed with said drilling

structure for advancing a first fubular to said well center;
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an auxiliary tubular handling station disposed with said drilling
structure for handling a second tubular simultaneously with said primary
tubular advancing station advancing the first tubular; and

a guided path horizontal to vertical arm positioned adjacent to said
auxiliary tubular handling station to guide the second tubular from a
substantially horizontal position to a substantially vertical position above
said auxiliary tubular handling station;

wherein the first tubular does not interfere with said auxiliary
tubular handling station and said guided path arm as the first tubular

moves over said drilling deck and to said well center.

The system of claim 1 or 2, wherein said primary tubular advancing
station comprises:

a top drive for rotating the first tubular.

The system of claims 1 or 2, wherein said primary tubular advancing
station comprises:

a rotary table for rotating the first tubular.

The system of any preceding claim, wherein said primary tubular
advancing station further comprises:

a mousehole positioned radially outward from said well center.
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10.

11.

12.

The system of claim 5, wherein said guided path arm is controlled so as

not to intersect between said mousehole and said well center.

The system of claim 5, wherein said guided path arm rotates substantially

in a first plane substantially parallel to a second plane comprising said

mousehole and said well center.

The system of any preceding claim, wherein the second tubular is a drill

pipe.

The system of any one of claims 1-7, wherein the second tubular is a

casing.

The system of any one of claims 1-7, wherein the second tubular is a riser

section.

The system of any one of claims 1-7, wherein the second tubular is a

production tubing.

The system of any one of claims 1-7, wherein the second tubular is a liner.
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