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| ,_ “having improved types of foundations.
- other specific aspect it relates to well drilling

- rigs which may be rotated into a plurality of posi--
In another

R spemﬂc aspect it relates to Well drrlhng rigs par-

~ the accompanymg speciﬁcation
| Tdrawmgs |
- PFigure 1is a plan view of a Well drlllmg rig:
| embodymg the present invention with parts |

 Patented Feb. 17, 1953
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Tom S Graham ‘Alvin, Tex., assignor to Phllhps
Petroleum Company, a corporation of Delaware

Apphcation May 16, 1949 Serial No. 93 514

B 9 Clalms

. ThlS invention relates to well drillmg r*gs In

(Cl 255-—-2)

'one specific aspect it relates to well drilling rigs |

In an-

- tions to drill e plurality of wells.

ticularly adapted for use in marine locations, es-

. pecially in the Open sea along the contmental_- |
Geological formatrons contaimng Valuable de- -

' location parts shown being broken away, or in |

cross section, to show details of construction.

Figure 3 is a plan view of the foundation shown

in Figure 2 which is generally below the line 3—3

of Figure 2 looking in the direction indicated

_ with the location of future Wells indicated by

10

- posits such as oil and/or gas may exist under
| the surface of bodies of water. These formations

cations are subject to the destructive forces of
nature, espec:ially wave action, In non-marine

" eially when the foundation required is expensive

~ or difficult to install because of the nature of the
‘ground and/or water covering the Jocation, it is

. | eSpecially desirable to be able to drill more than

- one well so that the expense of the foundation
- ean be divided between several wells. "These wells
- of course can be deflected summently below the
surface of the ground to be properly spaced by
N '_--‘the time the producing formation is penetrated.

~are being exploited by drilling wells down to the
‘same. The drilling rigs used in such marine lo-.

. locations as well as in marine locations,. espe-

dotted 11ne cireles. -
Figure 4 is a plan mew of the frame fcr sup-

porting a derrick (not shown) which is rotatably
mounted on the tOp of the structure shown In

Figure 3.

F‘lgure D is an enlarged fragmentary elevational

view of the upper portion of Figure 2 taken at
right angles thereto showing the same well drill-
15
- _5oi‘ drillmg a well.

ing rig of the precedlng flgures in the Operatlon

“Figure 6-is a plan view of 2 modiﬂed form of

a bearing for use m place of the bearmg shown in' |
;iFJ gure 3. |
20
“ings shown in Figure 6 taken along the lines
T1—T of said figure lookmg in the direction in-

Figure 7 is & cross seotmnal view of the bear— |

: dlcated

25

Numerous designs proposed in the prior art

- have proved to be-impractical because of the cost

- of under water construction or destruction by

o Wave action especially during storms.

Figure 8 is a Cross sectional view of a third form_

‘of the bearing.

Flgure 9 is an elevational v1ew of the maJor

. '_parts of the pipe rack supportmg structure shown
Lin Figure 2 but taken at rlght angles from aid__ |

© figure.

a0

‘One object of the present invention is to pro~

' '-':fvide an improved type of well drilling rig.
‘Another object is to provide a suitable rotata- |

. of spaced wells when p051t10ned in a plurahty of
o noSItions during rotation. - ]
Another object is to provide a, Well drillmg r1g |

| ble well drilling rig capable of drilling & plurality

:, ":'whlch may be erected in the marine location
| without connecting the supportlng members to-
:gether under water.

Figure' 10 is a cross sectlonal view of a portion

of the pipe rack of Figure 2 showing details of
construction,

Figure 11 is o view snnilar to Figure 10 showing

- details of construction of a modiﬁed form of pipe
-rack S

In F'1gure 1a platform IG 1s mounted on a

frame generally designated as 17. Frame (7 is
preferablv formed from inner and outer concen~

- tric annular members {8 and (9 respectively se-

40

~Another object is to promde a marme founda-_'

_ltion for a drilling rig in which vibration and
- ‘“wear and ftear by wave action is minimized.

Another obiect is to provide a foundatmn for

- a. marine location which may be removed when-
R f.ever the location is to be abandoned without dis-
.'connection of parts under water except for pull-
- ing out, or breaking off short a few simple verti-
. ¢a] piles, which can be done With a tug boat or

the like,

Numerousother objects and advantages mll bhe

'_tudlnal girders 22.
23, 24 26 and 27 of a four-legged derrick gener-

cured fogether by radial members 2. Platform
{6 is preferably secured to frame {71 by longi-
Girders 22 support the legs

___aliy deslgnated as 25, which derrick has a cen-

45

50

_Z;-If-tapparent to these skilled in the art upon reading

claims and

- broken away to show details of construction.
~ Figure 2 is an elevational view of the structure

trally looated rotarsr table 28 and a draw works
29 both mounted on derrick. platform 16., if the
~ ‘rotary method of drlllmg is employed. When
other drilling methods are employed rotary table

28 is not present and. there is merely a centrally

located opemng m fioor lB over the proposed
“well 3!.

As shown in F1gure 9 derrick legs 27 and 26 are
capped by a crown block housing 32 having re-

-movably secured thereto in the conventional

' ":shown in F1gure 1 illustratlng 1ts use in 2 marme 60

manner a ccnventional crown block centrally -
'lccated over well 31 so that traveling block 33
“can raise and lower well drilling equipment from
- .-_well 31
o thereby creating forces of reaction actmg equally
_on derrick legs 23 24 26 and 21 and preferably-v

by centrally disposed vertical forces,




said reaction forces will comprise mainly a
simple force of compression axial of each leg.

- 2,628,818

Traveling block 33 is operated by a cable from )

-~ draw works 29 in the customary manner.
Suitable driving means comprising motors 34

and 36 are provided for draw works 28 and mtary

table 28 respectively.
| In many instances it is desirable to sérvice the
well drlllmg rig from a tender (1ot shown) which

tender often is a LST (landing. ship for military

tanks) anchored near the rig with its bow pref-
erably in the direction of prevailing winds and

said ship being in the lee of said well drilling rig.
Said ship may generate power to drive the motors
34, 36 and 93 of the drilling rig and transmit the

same to the rig, and mud pumps similar to 92,

mugd tanks similar to 89 and other structure (not

"shown) may be provided on the ship which may
act also as a rack for pipe. Motor 23 as shown
in Figure 5 drives a conventional] mud pump 92,
pumping well-drilling mud from tank 89 into

ible pipe (not shown) into the drill pipe 87, 84,

~ down to the bottom of the well and out holes in

the well-drilling bit (ot shown) from which the
- mud returns to surface through casing 86 and
flow line 94 back into mud tank 89.

When such a-ship (not shown) is used it is con-

venient to rotate frame {1 into a position for

drilling the first well 31 so that the ship may ke -

- in the lee of the rig and most convenient for
~transferring pipe thereto.

By the time well 31

4 _
erected by driving twelve piles into the ground
91 which may or may not be covered by water
58. The twelve piles are driven into the ground
in the form of concentric hexagons, in Figure 2
piles 39 and 61 being in the inner hexagon and
piles 62, 63, 84 and €6 being in the outer hexagon.

. Two-piles in the inner hexagon are hidden behind

10

piles 59 and 6! and two are hidden behind piles
63 and €4. Two of the piles in the outer hexagon
are also hidden behind 63 and §4. -

While not necessary to some aﬁpects of the

1nvent10n nevertheless it is preferable in expesed

 locations, to secure the upper portion of said piles

o0

n ~pipe 81 from which it proceeds by the usual flex-

plurality of levels.

together by cross bracing members 87 and 68 at a

Sway bracing members 83 and

71 may be provided to strengthen the foundation.
It is realized that such bracing is old in engi-

“neering structures generally, but the fcllowing
features are believed fo be

novel, namely, that
all of said framework is at an elevation greater

‘than the minimum low tide level of water 58 so

that all of said bracing members 67, €8, 88 and

Tl can be erected on and removed fmm piles &1,

- 62 ete. in situ without under water operations.

is finished, the prevailing winds may seasonally

- shift so that a second well such as 37 then be-

comes: more convenient fo work with. and then

may be drilled. However, anyone of the six wells
3f, 317, 52, 53, 54 and 56 shown, and wells inter-
mediate thereto, may be drilled regardless of the
direction of the prevailing winds by suitably an-
- choring the ship (not shown). Generally some

means of arranging the. ship so. it will not be on
the windward side of the rig can be devised, as it

is undesirable to have a ship anchored to Wmd-
- ward, where it could break loose from its anchors
_1n a storm and be driven against the rig.

While a ship can be employed as a pipe rack

I prefer to use a movable pipe rack generally

 designated as 38. Pipe rack 38 comprises a

framework composed of members 39, 48 41, 42

“and 43 secured together and pivoted to fra,me 17 .
by pivots 44 run-through holes of greater diam- °

eter than pivots 44.in lugs 50 on beam 486 secured
- to members (9 and 21.
greater diameter than pivot 44 is shown in dotted
lines around 44 in Figure 2. Pivot 44 ebvmusly
~may be provided with retaining means on each
end, such as a nut thereon (not shown). As

The hole in lug 5@ of

A0

Fastening parts together under water is both
expensive and unsatisfactory, and generally re-
guires the employment of divers. Divers are

| espec::ally skilled Workers having a very high wage
rate and generally can only work in the calmest
-of weather.
“at an elevation greater than mean high tide by a

Preferably all of said framework is

distance greater than one-half the average wave
height in. order to minimize vibration of said
drilling rig by waves passing through the founda-

- tion. By wave height is meant the vertical dis-

tance between the crest and. trough of a wave.

The average wave height is the average through-— |

raut the year at that location.
I 1s reallzed of course that durma storms
W&VES are going to pass through the framework

‘and perhaps above members 87, and a generglly

open construction of members 68, 69 and T4 will
minimize the effect of the waves. Nevertheless

‘each member 68, 69 and 7{ that is submergsd in
- the wave receives a force from the wave whichh

tends to destroy the structure especially after

- endless repetition. By having brace £8 above

the usual wave height, a constant beating of
waveg on the structure is avoided and the struc-

. ture is therefore in better shape to resist occa-

sional storms.
The piles 89 to 66 are preferably capped with
radial I beams 72 which in turn may be framed

~ with prefabricated girders 73 and 74 as shown

a0

shown in Figure 9 vertical members 42 are se-

5 cured together by horizontal members 45 and

- cross bracing members 118, An auxiliary pipe
~ supporting beam 47 may also-be secured to mem-

hers 21 to extend the effective length of the pipe
- rack 38 to handle longer pipe 5.
- has vertical legs 48 and 49 which W111 be - de-
- sceribed with reference to Figure 2.

Well drilling- pipe and/or casing EI may be'

stored on rack 38 as desired. @
_ While in theory a great number of Weﬂs may
~ be drilled by rotating frame {7, in practice it is
best to drill not more than six wells 34, 37, 82,
53, 54 and 56 so that during the drilling the legs
23, 24, 26 and 27 of the derrick will each be above,
. or substantially above, a suppartmg plle, as will
e EXplamed later. ; |
- In Flgure 2 the structure shown has been

Pipe rack 38 '

in FMgure 3. A bearing 16, or 11, is secured to the
prefabricated girders 73 and 'M secured to the

~radial I beams 12 above the top of each pile and
‘these bearings may be anti~friction bearings

having rollers which will be descrlbed later with

] {'-1 ' reference to Figures 6 to 8.

If desired a fender 78 may be provided extend-
ing around the entire structure to receive and

absorb a limited amount of shock from a con-

 tactirig ship by means of springs 79. Tender 78

- was possible in Figure 1.

- pile.

is preferably resilient and will bend and resurn

to shape upon.release of the bending force. Bolts

81 are screwed into holes in the fender 18 at

pmnts opposite piles such as 62 and §6, and bolts

6l are also movably mounted in holes Ml in the

Figure 4 shows frame I7 in more detail than
| | . Circular tracks {8 and
19 of the frame are adapted to be supported for

_._rotatmn on the tops of the outer and mner bear- |

mgs 18 and 17 respectwely



. arranged
~ shown) below member 73 so as to be out of the
. way of the rotating upper parts on platform IT.

5 .

As shown in Figure 2 p1pe pletform 33 consiets-
| j-of vertical members 42 and horizontal members
39 secured together by brace members 43. The
- inner end of the platform 38 is supported onl

 beam 46 and the outer end 42 is slidably mounted -

“on leg ﬂﬁ Leg ee is plovzded mth a smtable

~ foot 82.

- ?":é;eeé*eie

(not shown) ‘with a, derrick (not shown) whrch'

 picks up 42 by means of bar 4% and adJusts the

A surtable pos1t10nmg means 33 ma,y be pro- -

- --'-5_’vided for pomtwnmg prpe ez on plpe 48 ae wrll

. “be explained below.

10

Platform 38 may be removed preferebly by .

f["p1ckmg the same up with a derrick on a ship

. (not shown) and moving it from one position to
;another whenever derrick pletform 17 is rotated.

- . In Figure 5 further details of the well drilling 1
operatlons are shown. While reci inrocating drill-
ing, advancing-motor drilling, and other methods

 of well drilling may be employed, it is generally

- preferred to employ the rotary well drilling sys-
- tem in which a string of dril] pipes 84 is lowered

 into a well casing 88 and is rotated by a rotary
* ‘table 28 through a kelly 81..

actuated by reeling cable 88 on‘and off of draw
works 29. Drill string 24 has a outtmg bit (not

‘pipe 84 out the drill bit and up the annular space

 between pipe 84 and casing 86 and then returned i

 to mud tank 89 through pipe 84.. Well casing 88
-may be provided with a master gate valve 98,

| --__blowout preventor 97, and drilling stuffing box

- 98, As. each well 31, 52, ete. is completed, it is

with eonventronel ﬂow lines

Platform {7 may be rotated by various means

:.'-"such as one or more motors 98 mounted on
~ brackets {0f on platform {7 and engaging mem-
~ per 13 with a driving wheel 102 driven by a shaft

103 of motor 99. In practice, wheel 102 is a

~ gear wheel of small diameter as shown and
. engages a rack or cog track 165 secured to mem-
 ber 13.  If desired reducing gearing may be em- .
- ployed between motor 92 and gear 1982.
- gired rack 105 can be mounted inside of 74 and
' the motor drive 9% can be secured to the inside
- of ring member {8 ins teed of member 19 as

If de-

- shown.

| Detaﬂs of the bearmgs such as re are shown in
| F‘lgures 6, T and 8. In Figures 6 and 7 the bear-
~ ings comprise conical rollers {04 having shafts

106 journaled in raised sides 187 and 168 of bear-
o mg block 76 in any friction-bearing (not shown)

or ordlnary’ shaft bearings {89 as shown in Fig-

- ure'l. Side 108 is higher than side 187 and than
- bearing roller 104 so that these high sides of the
- bearing will engage I beam ring member 9 of o

~the platform {7 and center the same.

- .In Pigure 8 rollers 111 rest on bed 112 whrch-
- is provided with anti-friction means compnsmﬂ' |
orease pumped in throueh ﬁttmg H3 and pes-

"',segell4

“As shown in Frgure 9 the pipe platform 33

In Figure 10 it will be seen thet member 42 is

?'sl1dab1e on leg 48 end may be positioned thereon

'_ 'by posrtmmng means 83 of Figure 2 comprising

ll'l connecting lug {18 on member 48 with lug

{19 on member 42. The adjustable positioning is

obta.med by brmgmg up a shlp, such as en LST

o ‘The drill string is
- lowered by cable 88 and the traveling block 33 is

(not-

the leg as shown.

same, whereupon s sailor may adjust clamp {11 i
and thereby tighten chain |18 so that upon dis-

engagement of the derrick the member 42 has |

*_been fastened in an adjusted position.

In Figure 11 members 43 and 39 are connected

‘with a vertical tubular member 2 which re-
places member 42. Member 121 containg piston

122 which- may be positioned at any point in
cylinder 21 and pump - 123 pumps liquid from

“tank 124 through pipes 126 or 127 depending on

the posrtlon of four—wey valve 128. A leg 129

“which replaces leg 48 is secured to piston 122 by
~means of pin 13§ passing through the piston and
- Leg 129 and piston 122 are

 secured together by pin 131 so there is no rela-
~ tive movement between these parts, as the rela-
~ tive movement is entirely between piston 122 and -

20

29

shown) on its lower end and well drilling mud -
- from tank 89 is pumped through pipe 81 by pump |
92 driven by motor 83 down through kelly 87 and

‘_eyhnder f21.
' from one end of cylinder 121 to the other, the
~direction of movement dependlng on the settmer |
" of Valve I28 * | |

Pump 123 will pump piston 122

Opemtzon ) |
Six p1les are drwen in the form of a hexegon

"_-_a,nd then six more piles are driven in the form

of a hexegon concentric with the first hexagon.

The portion of the piles 61 to 64 etc. above the

- minimum low tide level are then fastened to-

- 11, 12 and the like.

gether by welding or bolting on members 87, 69,
‘Hach pile has a bhearing sueh

 as 16 or 11 directly above the pile.

Rotatably mounted on bearings TE 'H' etc ls

‘platform 17 having a derrick generally desig-
‘nated as 2% mounted thereon. It wili be noted
in Figures 1 and 3 that as the derrick is posi-

_ tioned over each one of wells 31,

52, 31, 53, 94

" and 56 that each of legs 23, 24, 26 and 27 of the

40

“derrick will be above @ bearing and the hearing

will be directly above a pile. For example, in

drilling well 31, leg 23 of Figure 1 will be above
bearing 132 of Figure 3, and similarly leg 26 will

" be above bearing 133, leg 21 above bearing 134,
-and leg 24 above bearing 136. The same situa-
tion occurs in drilling the other five wells, in each

| metence each leg of the derrick is ebove a hear-

_rectly over piles.

“ing. Furthermore the far end of platform (8§ is
above bearing 13T and 16, so that platform {§ as
‘g whole is supported on six of the bearings di-
Furthermore platform i7 with
rings I8 and I9 Is always supported by ell 12

- bearings.

55

60

While I have shown a preferred embodiment of

‘the invention for purposes of illustration, the in-
-vention is not limited thereto but is of a scops
commensurate with the appended claims.

Having described my invention, I claim:
1. A well drilling rig comprising in combination

a foundation. seeured to the earth, first bearing

means - disposed in two concentric horizontal
-cireles secured to said foundation, a frame com-

 prising a well drilling derrick having four legs

‘and a derrick floor, a rotary table mounted on

ﬁ':__.formed of vertical members 42 secured togetmerf65
by horizontal members 45 may also be provrded' B

 'with cross bracing members {18,

- said derrick floor, and second bearing means se~
cured to sald frame and disposed to engage said
- first bearing means to rotatably support said

frame and derrick on said foundation, each of
said derrick legs being alweye disposed ghove said

~ second bearing means, two of said legs being
70

always disposed above the outer and two ebore

~ the inner of said concentric cirecles, and said

' an adjustable length chain and adjusting clamp '

rotary table always being disposed with its cen-

tral vertical ems melde of ee1d inner concentr ic
circle.
h

2. The combmatmn of clann 1 m whlch the'




- area.

:"‘215.-3.3#8 18

7

- derrick: is square 11:1 hanzants:l cross~sectional

-2, Thé cﬂmbma.tmn of* clalm 1. in which. the

der rlck has a. crown block, and. the. crown. plock
and rotary table are mounted in the centp.t of the

derrlck . |
4. The cmmbma,tlon of claim: 1 in which the

~derrick is square in herizontal ecross-sectional
‘area and has a crown. block, and the crown block

and rotary table are mounted in. ther cﬂnter of
the derrick.

5. The combination of claim 1 in whmh the
foundation comprises a plurality of piles. driven
into the earth and disposed in said two concentric
circles, and the first: bearing means comprises

e

10

15

hearings secured to the top of a plm ality of said .

- piles.
| 8. The combmatwn of cla,nn 5 In whlch thexe

are six piles in the inner circle and six piles in

~ the outer cirele disposed in the form of two con-
centric regular hexagons, and the frame is rovat-~

zhle to position said derrick in six positions to

20

drill six wells with each leg of said dervick dis-

- posed in each position adjacent the vertical axis

- 0f a pile to thereby reduce the forces tending 1o

warp said frame during the drilling of said wells,
7. A well drilling rig comprising in combination
& foundation secured to the earth, first hearing

‘means disposed in two concentric horizontal
30

circles secured to said foundation, a frame com-
prising a well drilling derrick having four legs

25

“and a derrick floor, and second bearing means -

~secured to sald frame and disposed to engage
- said first. bearing means to rotatably support
- said frame and derrmk on - sald foundation,

"

each of said derrick legs being always dls-
‘posed. above sald second bearing means, and two
of said legs being always disposed ahove the outer

and two above the inner of said concentric circles.
8. The combination of claim 7 in which the

- foundation comprises a plurality of piles driven
inte the earth and disposed in said two concen-

tric circles, and the first bearing means comprises

| .:hearlngs secured to the top of a plurality of said

piles.

9. The combmatlon of clmm 7 in whmh there

are six piles in the inner circle and six piles in
the cuter circle disposed in the form of two con-
centric regular hexagons, and the frame is rotat-
able to position said derrick in six positions to

drill six wells with each leg of said derrick dis-
posed in each posifion adjacent the vertical axis

of a pile to thereby reduce the forces tending to

warp said frame during the drilling of said wells,

TOM S. GRAHAM.
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