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and to rotate in all the support brackets 59, and in the sleeper hubs 57 except when a selected fork
62 isengagedina correspondmg pair of allgned notches on the shaft. In that case, the sleeper
_assocxated with the engaged fork will move angularly and vertically with the shaft 60. Axialand -
20 angular motions of each shaft are produced by suitable drive mechanisms 53 (see FIG 1B) which
'can be located along side the racker base 24 and to which the lower end of the shaft extends.

_ As shown in FIGs. 11 and 11A, each sleeper base frame preferably carries adouble acting
ram 61, preferably a pneumatic ram, which is coupled adjacent the base hub to a honzontally
slidable fork 62 which opens toward shaft 60. The fork is movable horizontally through the

25 opening between the bearing tubes 58 in the ad_;acent hib 57 into engagement of its two legs in
‘ the keyway notches 63 in the shaft. Engagement of a fork with the shaft connects the
corresponding sleeper and its base to the shaft so that the sleeper can be moved vertically and "
.angularly by axral and angular motion of the shaft Each fork can be fully drsengaged from the
shaft 60. . ' : - :
30 Reference is made to sleeper 38 of FIG: 1 1 which lies in ‘the bottom left portion of FIG
' 11. That sleeper is in its’ retracted posmon and i is supported about midway along its length ina
holder and support bracket 64 carried by a racker side member 34. That sleeper is to be moved
to its deployed position in the adjacent pipe storage bin; the other sleeper deptcted in FIG. 11 is
. showni in its dgployed posmon Movement of a sleeper from its retracted posmon to its deployed

.35 position 1s achieved by the following operations:
o 1.  ram 61 is operated to move fork 62 mto engagement with the keyway notches 63
~in shaft 60; ' : .
2. shaft 60 is raised to lift the sleeper out of engagement w1th its holder 64
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10%| &
l ( )- d#\-’le:rLtoc F(lb lg' Qhows carriage 1335 in upper and intermediate positions while FIG. 16
' _ shows the camage at upper, intermediate and lower positions. The carriage can have an arm 82
15 which will artlculate from a verttcal uprrght position down to a horizontal posrtton, and a _ '

pneumatrc ram 136 to rotate the arm from one position to the other. The arm is connected ina . |
manner that a pipe striking the arm from below will raise the arm. Whena pipe is lowered onto

the arm from above, the arm is stOpped in the horrzontal position and holds the pipe in the cradle

~ onthe arm, o :

20 - The high liftis normally stowed in the upmost position with the arm rotated to the vertical
posmon out of the way of pipe being tripped in or out of the well. When the full length of the |
drill string is in the well and drilling, the high lift carriage is lowered to the lowest most position
'and the arm 82 is rotated to the horizontal position where it remains until the pipe skate cart is

_ " moved aft with the next stand of drill pipe.
25 - FIGs. 1, 2, and 7 illustrate the provision of walkways 84 and ladders 85 on the: racker to
'. afford access of personnel to it. :
'A second form of the sleeper indexing arrangement somewhat drfferent from the
arrangement descnbed above with reference to FIGs. 11 and 114 , is rllustrated in FIGs. 17-20
_ ‘and is presently more preferred. A vertical shaft 60 i is-associated with each group of sleepers 38 -
. 30 | at each sleeper statron of each pipe storage bay. Each shaft 60 is located adjacent the forward or -
o aft outboard cormer 6f a racker column 25 as appropriate. Each shaft 60 is supported for rotatron .
and axial movement in a'series of bearings 90 which are spaced along the shaft and are mounted )
in brackets 91 (see FIG 20) affixed to the adjacent racker columns 25. Each bracket 91 and
i beanng 90 is located below the downward limit of travel of a respective sleeper base 54 and
'35 defines that hmrt Just above each such bracket 91, the shaft is traversely notched at
h diametrically opposed locations to define a pair of horizontal keyway slots 63. A fork 62 is
R ] ‘mounted for slrdable movement within the sleeper base. The sleeper base hasa termmal hub 57,
which surrounds the shaft and mounts the base to the shaft for rotatron about and axial movement

18-



U 10 U'<10% U& ()-!@ 1008JU& () - 9@3" 10% U& 1 X6~_ :

& ()-13" LOWGELPIZX6~_@ & SSULO% | & 9409 | & .
WESoa0v ()M L 920% | & 3" I)fqota%%(ym 2??(/310/“& () - MTBE¥9EEYR) 4) & ()

?g;;;l\l;~ 0) -4 e r}/gos/&%ég;‘l 6% fgﬁ( %rel:%r/&a(e)i e e @Pef@pefr base 504 klodb]él-lactilr@éﬂarﬂ 61. The fork

. Lo # ( o 0 -
0%\ & () - sthus isgaQyeEhie by iy b/&m%o gqggné‘ t %( QY@ do)a 2ie! ¥
[9+= 10! Sywwﬁsl@sﬁBZEgg)ag/&u(nyzo@mw& 2 {1’ dyway slots/diil oélﬁsha qg/0 rele{ga{)@\/gdngtg t4) 5)}

yYOWY Y& f)o nesg/g;’b{g%’%ﬁ;xeassamqa&hé 3raf’sB)ufek Weasy hitd Riib fotlow@kial and

0/d.O%(Y&' ' '
10D ,() moten @ &G 10%m&' ()-!V &10%& () - 3#S10%&' () - 10

' -1 0 0
?{%IO(I%& I( )-@: Ea@lﬁ\&%\fa&lt(e))e%de%\mgld@é% %%%(15( zoéab%)&(?gpﬁ%egd%égaﬁy atits bottom
" 0%6re: ?ioﬁ%%?? %&l%@m&v 2(6) AT b Qpfer dd SNRETALORTIORE  erticTi G925t -
& ()-)1" s ram Bédocgie g low the slhaft seeSFl%xlq{mﬁag ait 13 o%drqm& rhide at S 1OVEr the
a s! $10%& (:()rrdspcﬁsllr@]sh@&JU&ls thgrg3 ngplar di 5 coypled t ertica
10% &4 ) - 3¢ nLBx4thé dorreilfbﬁggh@ %&Bﬁgtimg Eihﬁ:fn/E%Si%efg?:blj fgﬁﬂé Q‘Eﬁn& B
arm 96 affixed to the shaft and a double-acting hortzontally disposed ram 97 pmned between the
end of the crank- arm and the racker base 24. The mountmg of each horizontal ram 97 between
its shaft crank arm and the racker base is arranged to ‘enable the angular drive assembly to
accommodate. and to follow vertxcal motion of the shaft by an amount which is adequate to lift
15 - a stowed sleeper 38 out of engagement with a sleeper support 64 and adequate to lifta deployed
‘sleeper out of engagement with-a deployed sleeper below it. :
. FIG. 19 shows that the horlzontal drive ram 97 for the aftmost shaft associated witha pipe '
_storage bay preferably is located ad_|acent the rear end of the racker base. The forwardmost
' honzontal drive ram associated with a pipe storage bay preferably is srmrlarly located relative
20 to the front end of the racker base. All other honzontal dnve rams are located adj acent the sides
of the racker base. '
The operatlon of the vertical drive and angular drive mechamsms shown in FIGs 17-19
is according to the six-step sequence described above.
~ FIG. 17 shows a preséntly preferred arrangement for securing the lower end of a bridge
25 - cranelift column 45 from movement when the lift column is stowed when at its lowest position
in the bridge crane. ‘A dummy section 98 of drill pipe is supported in a horizontal fore-and-aft
position outboard of the adjacent vertlcal 94 and angular 95 drives for a sleeper mdexmg drive
shaft 60. The pipe dummy sectlon is. located vertrcally below the place occupted by a
'correspondmg magnetic lifting head when a bndge crane is in its stowed position as descrlbed
.30 above.- The dummy pipe section is carried ona support bracket 99 mounted to the outer face of
a the racker base.,. The magnetic lift head 47 carned by the lift column can make contact with the.
top of the du.rnmy pipe section, and a mechamcal safety. latch 105 assocrated wrth the magnetic
lifthead can be engaged around and below the dummy pipe sectron Such forrms of contact with
. the dummy pipe section cooperate to lock the lower end of the lift column to the dummy pipe
35 ‘section.” A dnll pipe dummy section preferably is provxded fro each lifting head in each brtdgc
'crane at spaced locatlons along the outboard S|des of the racker base. _
FIGs. 21. .23 show details of a presently preferred magnetlc lift umt or head 47, several
of which are camed by each racker brldge crane spreader bar 46 at spaced locattons along the bar.
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%ghcc%’(r)os/gr v V?.ijﬂ also 1£1ellucd)es0 /ai pair of safety latch-assemblies 105; see FIG.
_ %0
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' O-TH )by operatlor‘lgf (clouﬁle atjmng §‘m( 1)09 pll%ed l)gtween acrank arm of a jaw member 107
and aplate 110 carned atop the magnet assembly The lower jaw member is moved to the side
: _-of the bottom recessed end of the upper jaw member when the lift head i is being moved into or
20 out of contact with a prpestand but otherWrse is in the position shown in FIG. 22 when the lift
' head has contact with a pipe stand. _ :
Each lift head assembly 47 can be mounted to its bridge crane spreader bar 46 by a pair
. of plates 112 and 113. Plate 112 is affixed to the upper central part of the head’s magnet
_ ‘assembly 101 and preferably is in a pla.ne parallel to the length of the magnet assembly. Plate
25 112 canbepinned,asat114,t0a lower tongue of plate 113 which is carried by the spreader bar.
Plate 113 can be pinned, as at1l15,to the spreader bar viaa vertlcal slot'116 in that plate. In view
of the pinned connection. between plates 112 and 113, the lift head 47 can pivot about pin 114
. and adjust itself to the attitude of a pipe stand being prcked up either from a pipe storage bay or
~from the skate cart. Also, the slidable lost-motion connection of plate 113 to the spreader bar =
E 30 - g allows the connection of the lift head to the spreader bar to accommodate downward movement
" ofthe spreader bar after the lift head has made contact with a'pipé stand. - Preferably a shock
' absorber 118 is provided at each end of a lrft head 47 to cushion movement of the spreader bar
o toward the lift head. The shock absorber can be a dashpot whose piston shaft is urged upwardly |
_ _' by a compressron spnng engaged between the upper end of the shaft and the dashpot body; see
35 ° FIG.2l. '
- Each latch assembly 105 (see FIG 22) is a backup mechamcal holder and safety o
| mechamsm in the lift head; it is not relied upon, during normal operation of s system 10,to support
_ a ptpe stand bemg transported by a racker brldge crane. The several magnet assemblres carried -
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There preferablysare eight rollers in ‘each array, and they engage a corresponding wear bar 129
c (see FIG. 22) which extends along the length of the lift column. The lift columns preferably are
‘square in cross-section. There preferably is a wear bar'129 along each corner margm of each face
15 ofalift column. The guide roliér arrays cooperate with the lift columns to constrain and hold the
o columns ‘stiff against pendulous motions relative to the crane body and to move essentially only
normal to. the bridge crane. Such pendulous motions interfere wrth the ablhty of the crane to
- pickup and deliver a pipe stand from and to a specified aligned set of sleeper notches 41 in a
" desired storage bin. The presence of the wear bars on the lift columns also remforce and strffen

20 the lift columns themselves. - '

' ' " The structures and mechanisms of a presently preferred pipe storage and handhng system
are constructed for operation in the temperature range of 14°F to 100°F (-10°C to 38°C). Those
structures and mechanism reflect three different sets of envrronmental conditions, namely;
operatmg conditions in which heave motions of +/- 3.7 metersat 8 second period, roll motions

‘25 of +/- 4° at 12 seconds, and pitch motions of +/-4°at9 seconds, are tolerable; waiting on weather
L condltrons (in' which system componénts are stowed intheir normal secure and stowed positions)
of +/- 60 meters heave at 9 seconds, +/- 10° roll at 12 seconds and +- 6° prtch at 10 seconds;
" and survival conditions (sea fastenings in place’ or engaged) of +/- 8.3 meters heave at 10
_ seconds, +/- 35%roll at 15 seconds, -and 10° pitch at 10 seconds Also the system components
. 30 “are stzed to withstand loads assocrated with drillship motions dunng transrt of 36 feet heave 25 °
L roll and 10° pitch at penods of 13-15 seconds. S
‘The design operating rate of the system is one- 5000 pound tnple pxpe stand per minute,
both for delivery of stands to the drill floor and removal of stands from the drill floor, using. both :
. - bndge cranes in synchronism. The bridge cranes have a nommal working speed of 60to 75 feet
35 per minute when fully loaded, ‘and also a low speed mode in the range of 2 to.4 from when '
| " subjected to side forces of 0.5g opposing ¢ crane motion. When subjected to opposmg side loads
in the range of 0.5 to 1.0g, the crane dnves may stall but they hold the cranes in posmon The -
* vertical drive mechanisms of the cranes have a nommal operatmg speed of 75 to 90 feet per

o 21-
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' Q& (-0 The bridge cranes can be operated from either one of two control stations. A primary
control station 138 is provided in the driller’s house 139 at the drilling rig ﬂoor, see FIG. 2A.
That station is called the pipe handling control console. A secondary control station 140, called
10 the pipe racker control console, is located ona platform 141 adjacent the forward end of the skate
cart truss; see FIG. 2B. During normal operatton of system 10, the cranes are operated from the
_‘primary control station in the automatic mode. The cranes are operable in either a manual mode
or the automatic mode from the secondary control station. If acrane is not selected for operation,
_rt 1s stowed in its parking position outboard of the pipe storage bays. The crane controls include
15 a zone control feature which prevents a crane from hitting structure in either operating mode.
'Control interlocks prevent a crane from htt‘tmg the skate with a pipe when the skate is in motion. -
When operating in the automatic mode, the crane halts above the transfer position of the skate;
a rmanual command is required to lower or retrieve pipe to or from the skate. When a pipe stand
is reléased or retrieved at the skate, the crane’s automatic cycle resumes to pick up or stow the
20 next stand of pipe from or in the desired pipe storage bay.
| ~ Relevant control system interlocks are a crane mterlock which prevents the cranes from
running into each other, a skate interlock which halts the crane above the skate track until a
'manual command is given to the crane, a sleeper interlock which prevents a crane from lowering
- itspipelifting heads to prck up height over the sleepers until the proper sleepers arein the correct -
25 position for the operatton and the structural zone interlock described above. . _
Controls for the sleeper indexing mechanisms preferably are located at the forward
secondary control console Wthh is so positioned that the operator can see clearly into both plpe
‘bays or can move easily to see into either of them.. The sleeper-related controls at that console
preferably include controls for the followm_g functtons._ select_ port or starboard bay,.select_dnll
30 } pipe layer (1, 2, 3, ...), stowed or 'deployed position of the sleepers for .¢ach pipe layer
' commanding stow or deploy sleeper motion, an alarm (sound and light) which indicates that one
~ or more sleepers did not respond to a positioning command, and a sleeper lock useful when
'personnel are present or racked pipe stands. The sleeper stow and position commands signals
preferably are also provxded to the crane control programmmg pertinent to the sleeper control -
interlock. ' '
The skate cart and pin cart drive rates are defined consistent with the one per. minute plpe .

a2
N

stand deltvery/recovery rate. The skate drive preferably is operable to produce skate speeds up .
to 450 feet per minute and to accelerate from a dead stop to full speed in 4 seconds The pm cart
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cart can stop the skate cart in two seconds once per minute when loaded and twice per minute
when unloaded. A pm cart brake can halt the pin cart from full speed in one second, and can
effect two braking operations per minute on a continuous basis. There are shock absorbers at
the limits of travel of the skate and pin carts. The skate and pin cart drives are controllable from
| primary control ‘station 138. '
15 Controls for operating pipe low llft mechanism 52, pipe stabber 73 and pipe hxgh lift
: mechamsm 80 are located at primary control station 138. The high lift mechanism can lift the -
box of a pipe stand to an elevation of 22 feet above the rotary table located in the drilling floor
at the drilling axis. The low and high lift mechanism can lift 2500 pounds. The low lift
_ ,operatmg rate is 4 feet per second. The high lift operating rate is 2 feet per second. '
20 Further information about the control functions and equlpment of the presently preferred
| system 10 are set forth in Tables IandIl, pertment to control stations 138 and 140, respectwely
" The information set forth in the foregoing description and in the accompanying Figures
and Tables is not exhaustive of all forms which structures and procedures according to this
_mventlon may take. Vanatlons and modifications of the described structures and proccdures will
- 25 occur to persons ‘skilled in the relevant arts and technolognes and they are within the fair scope

and meaning of the following claims. -
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Emergency | _ Pull-Rele_ase skate Control
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{s - |PipeLifter Push and hold Push “UP”-ralse lifter Primiary
| ‘buttons Release “UP"-stop " { control
| ‘Push “DOWN"-Lower | (Singular)
lifter |
, | . Release “DOWN"-stop -
20 | Pipe Stabber | Proportional | Lefi-Stabber Extends ~ | Primary
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switch control Right Stabber retracts (Singular)
buttons | Depress Lt. Button “O”-
- - ' Jawsopen
25 | Depress Button “C”-
_ Jaws close - _
High Lift | Push and hold Push “UP” - Lifter raises | Primary
. buttons Push “DOWN"-Lifter control
' | lowers . (Singular)
30 Port Bridge Pushand hold - :| Push “UP” to raise crane | Primary
Crane pipe : ‘Buttons and rocker | Release “UP”tostop - | control
| pickup & o -swuch ‘ Push “DOWN?” to lower | (Duplicate)
release crane _
' Release “DOWN” to stop
3 Rock to “P” - Pick pipe -
| Rock to “R” - Release
| pipe
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Table I1
Control Functmns and Operator Interface for the Plpe Racker Control
Console '
| Control Function | Operator Action/Response Priority
- ™| Interface o
Skate Drive Proportional Left-Skate moves left Backup Control - |
' | Joystick Center-Skate Stops | Maintenance
'Right-Ska_te moves right - | (Duplicate)
| Skate Emergency . | Push-pull button Push-Set Skate brake Primary Control
Stop o | Pull-Release skate brake | Shared |
o | " | (Duplicate)
Port Bridge Crane | Push and hold Push “UP” to raise crane ~ | Backup control
pipe pickup & buttons and Release “UP” to stop 'Pipe Transfer
release at skate rocker switch Push “DOWN” to lower | Maintenance
- crane (Duplicate)
Release “DOWN” to stop
Rock to “P” - Pick pipe
Rock to “R” - to release
| pipe. |
Stbd Bridge Crane Pushand hold = | Push “UP” to raise crane Backup control
plpc S buttons a_n& rocker | Release “UP” to stop _Pipe'Tran'sfer
1ckup/release at switch ‘Push “DOWN” to lower - | Maintenance
skate ' crane (Duplicate)
Release “DOWN” to stop
| Rock to “P” - Pick pipe
o Rock to “R” - to release
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L+l c"10%g& () -|lopticidy’ | Pull to - raise . control)
Stbd Bridge Crane - " | Proportional Center-crane stops Backup manual
side to side and Joystick "Push port-Move port ‘control
g y_ertical movement (Two speed push Push stbd-move stbd (Duplicates
| and hold button in .Push away - lower - automatic
place. of j Joy stlck Pull to - raise control

Two position

| Rock to “P - pick pipe

| Port Bridge Crane Backup manual
| pipe pick-up and rocker switch Rock to “R” - release pipe | control |
release in racker ' | (Duplicates
' automatic
_ . control)
Stbd Bridge Crane Two poéi_tion . Rock to “P” - pick pipe | Manual
: pipe'pi'ck-up and | rocker switch Rock to “R” - release pipe | Operation
release in racker | Primary Control
P _ | (singular)
| Port Bay Sleeper 18 (17) count Position to sleépér level Backup manual
| Level Selection | selector switch contro!
' | (Duplicates '
automatic
_ _ _ control)
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Level Selection selector switch ' cotitrol
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Set/Stow control)
o switches _ - ' ,
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Set/Stow ' stow h control
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~ set S automatic
o= ] | control)
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SIS (1 009 BRIt AL e Ml
- 9T9UIVOVD ad }Ztg@cf{g%?gty%gin(%)g individually supporting plural horizontal lengths of drill pipe in
an array of plural vertically spaced layers and of plural lengths of drill pipe in each layer, and
selectively operable drive mechanisms connected to the pipe support members and
operable to move the members individually between deployed positions in which the support
10 members are in the array and horizontal retracted positions in which the support members are

removed from the array.

2. Apparatus according to claim 1 in which the pipe support members are arranged
to support the pipe lengths without subjecting any pipe length to loads due to pipe and support
15 members thereabove in the array.

3. Apparatus according to claim 1 in which the lowermost support member at each
station as carried on a bin base, and each other support member at the station when disposed in

_ the array is engaged with and supported on the support member below it.
20

4. Apparatus according to claim 3 in which the pipe support members when engaged
with each other are keyed against relative movement in directions along pipe lengths supported
in the bin. '

25 " S. A drill pipe storage apparatus comprising:

a pipe storage bin,

horizontal pipe support members disposable in the bin at plural spaced stations
along the length of the bin for individually supporting plural horizontal lengths of drill pipe in
an array of plural vertically spaced layers and of plural lengths of drill pipe in each layer, the
30 lowermost support member at each station being carried on a bin base, and each other support
member at the station when disposed in the array being engaged with and supported on the
support member below it, each pipe support member defining in an upper part thereof a plurality
. of upwardly open notches sized in cooperation with the vertically adjacent contour of the support
member thereabove in the array to receive in each notch a respective pipe length of selected

35 diameter without contact of the pipe length with the support member directly thereabove, and
selectively operable drive mechanisms connected to the pipe support members and
operable to move the members individually between deployed positions in which the support
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from axial motion of the shaft relative thereto, and the shaft drive is operable for raising and
30 lowering the shaft a selected amount.

11.  Apparatus according to claim 9 including a holder for each support member with
which the support member is engageable in its retracted position.

35 - 12, Apparatus according to claim 9 in which the pipe support members at each station
comprises two groups of movable support members, alternate support members being members
of a respective group with which is associated a respective one of a pair of vertical shafts.
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" igég 8 tlﬁl\ve xef l@gﬁéi lthrﬁ#g M(an ﬁ(ey(zxten% in one direction fro alon substantially
parallel to the array, and retracted pipe support members in the other group extend in an opposite
direction from the station substantially paraliel to the array.

15. - Apparatus according to claim 12 in which the deployed positions of the pipe

10 support members at each station are in a common vertical plane disposed transversely of the

array, and each support member above the lowermost one is supportively engaged with the
support members below it.

16. A drill pipe storage apparatus comprising:
15 a pipe storage bin stationdry relative to a place of pipe use
horizontal pipe support members disposable in the bin at plural spaced stations
along the length of the bin for individually supporting plural horizontal lengths of_ drill pipe in
an array of plural vertically spaced layers and of plural lengths of drill pipe in each layer,
selectively operablé drive mechanisms connected to the pipe support members and
20 operable to move the members individually between deployed positions in which the support
members are in the array and retracted positions in which the support members are removed from
the array, and a pipe lifter disposable above the array and operable to move individual pipe
lengths in a horizontal attitude between the array and a transfer position laterally of the array.

25 '17.  Apparatus according to claim 16 in which the pipe lifter comprises a bridge crane
spanning the length of the bin and movable transversely relative to the bin.

18.  Apparatus according to claim 16 in which the pipe lifter includes a plurality of
controllable magnetic pipe lift units engageable with a pipe length at spaced locations along the
30 length.

19.  Apparatus according to claim 18 in which each pipe lift unit comprises plural
permanent magnets and a selectively operable degausser.

35 - 20.  Apparatus according to claim 18 in which each pipe lift unit includes a backup
mechanical holder selectively engageable with and releasable from a pipe length.
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"109%8 & () -\ 0\ " 1098 EAfparatilaccording to claim 21 in which the bridge crane has a stowed position

5 spaced laterally from the bin in which pipe lift units are securable to structures at a lower exterior

portion of the bin.

23.  Apparatusaccording to claim 21 in which the common carrier for the pipe lift units
is movable vertically relative to the bridge crane via a plurality of column members drivable
10 vertically of the crane.

24.  Apparatus according to claim 23 'in which the column members have vertically
spaced guides in the bridge crane arranged to constrain the column members to motion
substantially only normal relative to the crane.

15

25.  Apparatus according to claim 16 in which the bin is spaced in a direction
substantially parallel to the length of the bin from a place of use of pipe lengths, and including
a pipe delivery mechanism for moving pipe in a horizontal attitude between a transfer position
adjacent the bin and the place of pipe use, the pipe delivery mechanism includes a track

20 extending from the transfer position toward the place of pipe use.’

26.  Apparatus according to claim 25 including an elongate carriage drivable in each of
two opposite directions along the track to and from the transfer position, the carriage having a
length adequate to support a pipe length in alignment therewith at one end of the pipe length and
25 ata location along the pipe length near its other end.

27.  Apparatus according to claim 26 including a cart drivable in each of two opposite
directions along the length of the carriage, the cart defining an upwardly open receptacle for
receiving and bearing the one end of a pipe length supported on the carriage.

30

28.  Apparatus according to claim 27 including a pipe support roller mounted at the end
of the carriage nearest the place of pipe use for rotation about a horizontal axis.

29.  Apparatus according to claim 28 in which the roller has a larger diameter in its ends
35 than between its ends.
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31.  Apparatus according to claim 30 in Wthh the roller lift mechanism is disposed on
the carriage out of the path of the cart along the carriage.
32.  Apparatus according to any one of claims 25-31 in which the place of pipe use is
a well drilling facility which includes a drilling operations platform.
10

33.  Apparatus according to claim 32 in which the track is substantlally coplanar with
the drilling operations platform.

34.  Apparatus according to claim 32 in which the drilling facility is located on a
15 floatable offshore drilling structure.

35.  Apparatus according to claim 34 including a second pipe storage bin disposed in
proximate parallel relation to the transfer position.

20 36.  Adrill pipe storage and handling apparatus for a well drilling rig comprising:

a track extending from one end adjacent the drilling rig to an opposite end remote
from the rig, ,

an elongate carriage adapted to travel along the track and to receive a length of drill
pipe disposed longitudinally with respect to the track and to support a recelved pipe length at

25 spaced locations therealong, '

a pipe storage bin disposed laterally of one end of the track including horizontal
pipe support members cooperatively configured for individually supporting plural lengths of drill
pipe in an array of plural vertically spaced layers of pipe and plural length of pipe in each layer,
the pipe suppoit members above the bottom layer being indexable between deployed positions

30 in and transversely of the array and retracted positions outside the array,

a moveable pxpe lifter disposable above the bin operable to move individual pipe

lengths between the array and the camage

37.  Apparatus according to claim 36 in which the carriage includes a pipe lifter at its
35 end adjacent the drilling rig operable to lift the adjacent end of a received pipe length a selected
distance above the carriage.
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20 station atop the supports therebelow to create a stationary array of plural layers of plural numbers

of pipe lengths, and raising and lowering individual pipe lengths directly from above and to
receiving notches in the pipe supports.

43.  The method according to claim 42 including deﬁning the support members so that
25 each pipe length in the array makes contact only with the surfaces of the upwardly open notches
of the pipe supports immediately below it in the array.

44.  The method according to claim 42 including the further step of moving each set of
pipe supports to retracted horizontal positions out of the array upon removal of all pipe lengths
30 from the layer supported by that set to expose the next lower layer in the array, and moving the

next upper set of supports into deployed positions in the array on ﬁllmg a pipe length layer in the
array.

45.  The method according to claim 44 in which moving the pipe supports from
35 deployed positions to retracted positions includes raising the deployed supports out of contact
with the supports therebelow in the array, swinging each raised support horizontally about an axis

atan end of the support, and lowermgthe raised and swung supports into holders therefor located
outside the array.
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50.  The method according to claim 49 including raising an end one of the locations of
carriage support of the pipe relative to the carriage upon movement of the carriage to a selected

place displaced from the array, the selected place being associated with removal of the pipe
30 length from the carriage.

51. The method according to claim 49 in which the carriage has two locations of
support of a pipe length disposed thereon, one of which is raisable relative to the carriage, the

other of which is movable along the carriage and is adapted to support an end of the pipe length.
35 '

52. A method for storing, handling, and moving drill pipe in association with a well
drilling rig having a drilling operations floor, the method comprising the operations of:
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the location of carriage support of the placed stand which is nearest the one end of the stand.
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