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ABSTRACT: A drilling system employing casing as drill pipe 
and a bit section which is bodily insertable and removable 
through the casing and releasably attachable thereto for rota 
tion with the casing. 
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‘ ' APPARATUS 

. . 1 . . 

FOR‘ ROTARY DRILLING 0F WELLS USING 
. ' CASING ASTH'E DRILL PIPE " 1 l ' 

V In the drilling of wells for oil and'gas, for example, by'the ro 
tary method,‘the drilling is conventionally ‘done by the .em 

' plbyment of relatively small diameter string of‘drill'pipe to 
which a bit is secured, the entire string being ‘rotatedto drill 

' the bore hole‘. After a suitableintervalhas‘been drilled, some 
times only a short distance‘ but-at othertimes for the‘fulldepth 

‘ of the well, casing larger ‘in diameter than ‘the drill pipe‘ will be 
run‘ into the bore hole and subsequently cemented to seal'off 
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10 
the formations through which. the bore ‘hole extendsii'i'l‘his "i‘ 

necessarily involves the series‘ of voperations in which the ‘string must be extended asIthe hole deepens, as by the addition 

._ of sections to the drill‘pipe, and also the entire‘ drill string‘must 
be‘ withdrawn wherever‘ it becomes necessary i‘to‘v replace the 

’ bit and then reinsert it to'resui'ne‘drilling. Thus making‘of-such 1 
'so~called “round trips” are not only: time consumingibut'also 
create hazards of blowouts and other‘undesirableconditions 

1. .in the well. After the appropriate drilling of the‘hole‘ has'been 
‘completed, the drill string must be withdrawn and ‘casing’ run 
‘to the desired depth. This, too, may presentihazards because 
with the‘drill string out ofthe well, control of the well becomes 
more difficult. ' Y ‘ ' ‘ ‘ i ' ' 

' i ‘ Heretofore numerous efforts have been made to. provide va 
system employing the casing ‘itself as the drilltpiperin order to 

2 
'In the'drawings: " ' ' i ' i . 'v 1‘ 

FIG; 1 is‘a longitudinal, p‘, rtlysectional lviewshowing the ‘(bit 
sectio‘ninserted ‘into ‘thegcasing‘ shoe‘ preparatory to anchoring 
the bit section to the casing‘shpq'r' - ‘ ~ .‘ - f 

2 is a viewlsimila'r to HO. "1 showing the bit'section 
anchored to‘vthe casihgvshde v‘and w'th-“the“\fnderreaniers< in 

"theirextended'position; " if“? i' :1 “FIG; 3 is‘a'view‘similar to FIG.‘ l'showing’a‘fishin'g tool Jen 
ga‘ge‘d with the ‘bit section,‘ the parts vbein‘g'is'htiwni'afterrelease 
ofthe bit'section ‘and with the‘ underrea‘mers n'itheirretracted 

positiomand 1 ' 111:’ “ ' FIG: 4 is'a longitudinal view of'the drilling'sy‘ste'm in aigwell 

bore showing-'thelcasing‘ string with the bit section inplaceand 
thedrive connectionsatlthe ‘surface;v I . ‘ i 1 > i a» 

5“Referring to ‘the drawing and considering first'FlG. 4, there 
is " shown "a string 1 of ‘easing’ Cfvicarrying ‘.the bit- section, 
‘designated generally‘by the letter B,'-'s_'howing the bit section in 
place in‘ a‘landing‘shoe ‘l0connected to the lower end ofcas 
.ingIC; At‘its upper-endicasing'iC is connected to apowe‘rst‘i 
which'functions' to rotate the. casing string during drilling». 

' ‘will ibeidescribed. Powensub» P is of the’general form and'con 

overcome some of theha'zards enumerated, as ‘well as time - ‘ 
‘loss. However,‘these prior efforts have notproven satisfactory 
for various reasons well’known to those skilled inthe art‘;- ‘ ‘ 

' l ‘ The present invention, therefore, is directed to‘a'n ‘improved 
arrangement by which the casing may ,be employedfjas the so 
drilling string‘ and when used in combination with’aret'ractable ' 
or removable bit section will perform ‘all of the ‘functions of 
drilling and easing of a‘well in a sequence vor series ofwopera 
vtions'which thereby greatly facilitates drilling operations? 

‘In accordance with the presentinvention .a ‘bit'section is 
provided which‘includes bothitherprimary bit and aplurality o‘f 
radially extendible and retractable iinderreamersptheient'ire 
‘bit section being arranged and ‘constructed ‘to be insert‘able 
‘bodily through ‘the ‘bore of the casing and moved to the lower 
‘end ofthe casing either on a wire ‘line orbysimplytdroppingrit 3 
into the casing, ‘where, either by gravity alone :or'ts'uppl‘e 
'mented by pumped ?uid pressure, the‘ ‘bit section will“ be 
vforced to ‘the bottom of the lower end of the’casing‘ string, 
{which is provided with aflanding shoe to receiveithe Fbit sec 
‘tion. The bit‘sectionlis provided withilatch‘means‘engageable 
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with appropriate grooves or otherlatch~receiving structtireuin" ' 
‘the landing shoe. The ‘latter includes a number of keys Ior 
splines which are adapted to engage‘ appropriatesplineslots'or 
grooves in the bit section'to lockithebit section‘to the casing 
against relative rotation ‘whereby rotation ofthe‘casing'string 
will ‘be effective ‘to rotate the bit for purposes/ofdrillin‘g‘ the 

well. ' ‘ ~ ' ' ' ‘ ~ The bit section also includes piston means connected by 

crank means ‘to the underreamers which will be .actuatable 
from the upper endiof the casing string by ‘drillin‘g?uid circu 
lating ‘through the system ‘for purposes of extendingoractuat 

' irigthe underreamers so as to enlarge the boreihole=drilled by 
the ‘pilot bit sufficiently to allow‘free downwardrmov'ement'of 
the'casing‘behind the bit as'the hole ‘is being drilled; \‘F'HY 

‘ ,To withdraw‘th'e bit sectionia conventional ?shing toolor ‘ 
spear is run into the‘casing-on a wire line aiid connected to the 
bitsection,iwhere‘by an upward pull appliedto the=fishing tool 
will be effective to retract the u‘nderreamers andzreleaseithe 
bit section from the'landing shoe .to which it has "been 
‘anchored. The spacing arrangement, between ‘the under-; 
“reamers and latching dogs is so designedv as toassurethat-the ‘ 
"underreamers are fully retracted ‘before-the ‘bit section ‘is 
vreleased;‘thereby‘avoidingdamageito the underreamersiwhich 
vmight otherwise occur ‘if .theyr'were not 'completelyretracte 
‘when they pass the lower end of the landing shoe. - 

{Other and more specific objects and advantagesof‘thisin 
'v'ention will become more readily ap‘parentjfrom‘the’following 
detailed description‘when-readin conjunction with-the'accom 
panying-drawing which illusti‘at'es a‘useful-embodirnent‘zin' ac 
~eordance withthe present-invention. ’ ' - ~ > i‘ " 

structiori'idisclosed in‘i‘my copending ‘application, ;Ser. No. 
‘736,179, ?ledIJun. 'll,'l968.'.A"suitable drive‘ connection 
betweenthe ‘power sub and; the teasing is disclosed in my 
v’copen‘ding‘ application, ‘SeriiNo. 778,509, ?led ‘Nov. 25, "l 968 
jnow'lP'at‘." No.".3,467,202. ‘Power sub‘PI‘is suspended form‘i'a 
swivel S carried-‘on eIevatorsE;conventionally employed-as 
:lpart'of‘the draw works of adrilling rig; ‘The ‘swivel has awhomse 
connection .‘H by whichdrillin'g mud :is pumped into’hef‘é?" 
st'r‘ingof casingC, ‘thence .thro‘ugh'the'bit section intothe an 
nulus‘de?'ned by the bore {hole surroundingthe drilling string, 
'the ‘bore hole being designated by the letter W. - ' 

‘ jRetur-ning now .to ‘FIGS. 1 and 2, the landing shoe and :bit 
section ilBacompri'se the basic drilling structure ‘which is 

‘. secured to the casing. Shoe~l0 is provided with an i‘r'tternall-y 
‘threaded socket :12 by‘ which it is threadedly secured to the 
‘lower end of casing-C. Adjacent its ‘lower end shoe 10 is pro 
‘:videdwith‘twoior moreangularly spacedpins "l4-w1hichproject 
ia' s‘hort‘dista'nce inwardly of the ~‘b0t'6110f theshoe and form 
‘splines forpurp‘oses which 'will'b'e explained shortly. 

Bit-section vBcompr'isesabody ‘516 having ‘a bore ~.l7,-and is 
dimensioned to‘be,inse‘rtable throug‘hthe boreofcasing C and 
into the'ibore'of shoe'ljl0. “Body 16 is provided about an inter 
mediate portion -'-thereof with‘ ya plurality ' of "longitudinal 
‘keyways or'sp'line ‘grooves 18 adaptedito receive ‘the project' 
ing'ends‘of the pins ‘l4,-wl1ereby body 16 will ‘be locked-to 
~s‘hoe' 1.110 against ‘relative rotation so that rotation-310i casing v_C 
lwill'ifunction to rotate ‘body 16 and itsappurtenances. Spline 
grooves l8~iterminate inupper endywalls 19 which formstops 
for/engagement with ‘pins 14 to ilimitdownward .movernent-‘io'f 
thewbit body‘ithroughvshoe 5110. An annular seal ring ‘2015s 
disposedabout th'ejrexterior ofbodiy 16 above end~wall 19 Flo 
seal with the bore walliof-shoe i0; At‘aypoint above seal '20, 
body ‘116 is provided 'with a‘ plurality of radial windows ‘._or 

‘ ‘openings ‘22 in ‘which .are mounted "latch ,do'gsf24, which are 
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.adapted' when projected‘outwardly toibe received in an annu 
lar'ilatching-groove :26lf0t‘?léd ‘in .‘the ‘bore ,wall of shoe .10. Elihe 
ilatchingidogsare {positioned in'ibodyl-l?l, soithat'they will‘be‘iin 
registration '‘with groove '26 when ,ibody 1165s fully ‘inserted .in 
vthe‘sho'e and‘end when» abutting~pins"1'l4. The upper-endvof 
body '16 islintemally threaded to‘ defineithe TboxYo‘r soc‘li'et Q28 

.l.-adapted’-zto" ‘threadedly receive a collar .30 jhavlingga 

7.0 

td'ownwardly ffa'cing?internal shoulder 32 spaced ia'jshorlt 
distance belowrits upperaend. IlThe‘lower end ofzbody' il?-carrijes' 

‘ adownwardlyifacinginternally threaded'socket 34 adaptedto 
receive the leXtemally Lthreaded. shank" 3.6 @of :a bit Z‘iavh'ich 
constitutes thefpilot-‘bitfand-maylbeof anyconventional'design 
‘for drilling albore é'hole Ito:anyvdesiredlnominal diametertitletfer 
mined ‘by thedimensions of'the‘pilot‘bit. >A‘t. a}point1between 

‘ ‘1H6 ;lower . ends-of'splines '18 and socket body v112,6 ‘is pro 

.75 

ivided with :a v.pluralitywof longitudinally 'Ye‘ittending radially 
openingks'lots {401m which are ‘mounted ‘underrehmei's I212‘ / 
.anylsuitableandvknowndesign. These are pivotally-?rnounted 
-.on'pi~vot pins-l4jft‘iw'hich ‘extendtransversely of-th'e " 

tif 
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slots for enabling the underreamers to be angularly moved so 
as to be radially projected and ifetracted with respect to the 
slots 40. The portion of bore 1730f the body which extends 
between windows 22 and the upper ends of slots 40, de?nes a 
cylinder 21 in which is slidably positioned an annular piston 
46 having a seal ring 48 mounted in its outer periphery for 
slidable sealing engagement with the wall of the cylinder. 
Piston 46 is secured to the upper end of a square piston rod 50 
having an axial bore 51 which extends downwardly between 

- the several underreamers and projects through an axial open 
ing 52 in the upper end of socket 34 and is slidable therein in 
response to the axial movements of piston 46. An annular seal 
ring 54 is disposed in the wall of opening 52 in sealing engage 
ment about the lower end of piston 50. Each of the under 
reamers 42 is ?xedly connected to an angularly extending 
crank arm 56 having its free end secured to a crosshead pin 58 
mounted in a crosshead slot 59 fonned in the related side of 
exterior of piston rod 50. With this arrangement it will be seen 
that the movement of piston 46 downwardly will act through 
crank arms 56 to rotate the underreamers outwardly and up 
wardly while reverse movement of the piston will act to retract 
the underreamers. 
The upper end of piston 46 is secured to a setting sleeve 60 

which is inserted through collar 30 and is secured to the upper 
end of piston 46 about its periphery by a threaded connection 
62. The upper portion of sleeve 60 is reduced in diameter ex 
ternally to provide the upwardly facing shoulder 64 adapted to 
abut shoulder 32 on collar 30. Setting sleeve 60 is initially 
retained in its uppermost position at which shoulder 64 abuts 
shoulder 32 by means of shear pins 66 which connect collar 30 
to setting sleeve 60. Just above connection 62 setting sleeve 
60 is provided with an external annular relief groove 68 which 
is adapted to receive dogs 24 whenfthey are retracted from 
latching groove 26. Relief groove 68 will be disposed in regis 
tration with windows 22 and dogs 24 when the setting sleeve is 
in its uppermost position, as. shown in H6. 1, so that the dogs 
are free to move inwardly of body 16 out of grooves 26. In this 
position it will be also noted that piston 46 is positioned in its 
uppermost position at which underreamers 42 are fully 
retracted, also as shown in FIG. 1. The bore wall of setting 
sleeve 60 is provided with the annular groove 70 for engage 
ment by a ?shing tool, as will be described subsequently. 

In operation, the bit section will be inserted into the upper 
end of casing C and will be allowed to fall by gravity through 
the bore of the casing until the bit is brought to a stop by the 
engagement of pins 14 with end walls 19 of spline grooves 18. 
The lower ends of spline grooves 18 ordinarily will be ?ared or 
widened circumferentially in the well known manner to guide 
the spline grooves 18 over pins 14 as the bit section seats in 
shoe 10. The parts of the bit section will be positioned as illus 
trated in FIG. 1 in which the setting sleeve is held in its 
retracted position by shear pins 66. Latching dogs 24 will thus 
be free to retract and are effectively retracted into relief 
groove 68, whereby to allow the free movement of the bit sec 
tion through the casing and into landing shoe 10. 

It will be understood, of course, ‘that instead of simply 
dropping the bit head into the casing and allowing it to fall by 
gravity to the bottom, it may be lowered on a wire line or other 
tool string which will be releasably secured to setting sleeve 60 
in a manner and by means well understood by those skilled in 
the art. If the force of gravity is not su?icient to cause the bit 
section to fall freely into the landing shoe, it will be un 
derstood that by pumping fluid, such as water or drilling mud, 
into the casing this will act against the restriction formed by 
the bore of piston rod 50 to provide hydraulic pressure suf? 
cient to drive the bit section downwardly through the casing 
through any obstructing mud or the like, until it is effectively 
seated in shoe 10. 
When the bit section is in place, pumping of ?uid such asv 

- drilling mud into the casing may be begun, or continued if 
previously begun to seat the bit section, and as the pressure 
builds up against the restriction formed by the bore of piston 
rod 50, a force will be attained su?icient to break shear pins 
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4 
66, whereupon setting sleeve 60, piston 46, and piston rod 50 
will be forced downwardly by the ?uid pressure. The 
downward movement, acting through crosshead pins 58 and 
crank arms 56 will rotate underreamers 42 outwardly to the 
positions shown in FIG. 2. As the underreamers move out 
wardly and setting sleeve 60 moves downwardly the exterior 
portion of the setting sleeve above relief groove- 68 will pass 
behind dogs 24, and by reason of the enlarged diameter of the 
sleeve, will force the dogs outwardly into latching groove 26, 
thereby effectively anchoring the bit section to the landing 
shoe. The positions of the parts with the reamers extended and 
the bit section latched to the landing shoe is shown in FIG. 2. 

It will be understood, of course, that the casing string will be 
rotated initially to cause pilot bit 38 to initiate drilling of the 
bore hole and as drilling proceeds, ?uid pressure will be ex 
erted against piston 46 to extend the underreamers which will 
radially enlarge the bore hole cut by the pilot bit to a'diameter 
which will allow free passage of easing string C so that it will 
follow directly behind the pilot bit and will continuously line 
the bore hole as drilling proceeds. 
The drilling ?uid circulation will be through hose connec 

tion H, swivel S and through a conduit in power sub P into the 
bore of casing C. Thence, through the bit section, the ?uid 
?owing through the bore of piston 46 and piston rod 50 to the 
discharge passages in the pilot bit and the underreamers. The 
mud ?ush will return to the surface through the annulus 
between well bore W and easing C. The ?ow restrictions pro 
vided by the bore of the piston rod and the bit passages will as 
sure the maintenance of sufficient hydraulic pressure against 
the piston to keep the underreamers extended as long as pump 
pressure is being applied. 
When necessary to withdraw the bit section from the casing 

in order to replace or repair the pilot bit, underreamers or any 
other part of the bit section, a ?shing tool, designated 
generally by the letter T, of any generally conventional form, 
the details of which do not form a part of this invention, will be 
run into the casing bore on a wire line, or tubing string if 
desired, and will be latched into groove 70 of the setting 
sleeve. On application of upward pull to the ?shing string, the 
setting sleeve will be drawn upwardly pulling piston 46 and 
piston rod 50 upwardly, thereby causing underreamers 42 to 
be swung inwardly of slots 40. The spacing provided between 
relief groove 68 and shoulder 64 is selected so that under 
reamers 42 will swing inwardly and to the fully retracted posi 
tion in slots 40 before relief groove 68 moves opposite dogs 24 
and shoulders 32 and 64 are engaged. Stated otherwise, the 
distance through which setting sleeve 60 is moved upwardly in 
order to allow retraction of dogs 24 will be greater than the 
length of upward movement of piston rod 50 which will be 
required to cause the underreamers 42 to be fully retracted. In 
this way, the underreamers will be fully retracted and will not 
strike the lower end of the landing shoe before the bit head is 
released by retraction of dogs 24 and thereby damage to the 
underreamers will be avoided. 
With the underreamers in their fully retracted position, as 

shown in FIG. 3, and dogs 24 also released for retraction into 
relief groove 68, the entire bit section can then be pulled 'out 
of the casing for repair, replacement or for whatever purpose 
may be required. If drilling for a desired interval has been 
completed, withdrawal of the bit section will place the casing 
in condition for cementing. The landing shoe may be em 
ployed to receive the usual cementing valve, if desired. 
When drilling is to be resumed, the bit section, with the 

parts in the original retracted positions, will be returned 
through the bore of the casing to its lodgment in shoe 10, fluid 
pressure reapplied to anchor the bit section and extend the un 
derreamers, and drilling will be resumed as previously 
described. 
From the foregoing it will be evident that a drilling system is 

provided in which the casing itself which is ordinarily required ' 
to line the bore hole will be used as the drilling string and will 
be continuously fed into the hole as the drilling proceeds‘, 
thereby obviating all of the additional operations conven 
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tionally required in rotary drilling and for casing the well.’ The 
hazards accompanying the conventional drilling and easing 
operations, including those arising from “round trips” of the 
drill string, will be obviated, drilling operations greatly 
facilitated, and time of operation substantially reduced. 

It will be understood that various changes and modi?cations 
may be made in the details of the illustrative embodiment 
within the scope of the appended claims but without departing 
from the spirit of this invention. ‘ ' 

I claim: _ 

1. Apparatus for rotary drilling of wells using casing as the 
drill pipe, comprising in combination with a string of casing 
and means for rotating the same: . ' 

a. a bit section bodily insertable and‘ removable through the 
' ' bore of the casing; > _ 

b. cooperating means on the bit section and the lower end 
portion of the casing for landing the bit section in said 
lower end portion in nonrotative relation to the casing; 

c. said bit section comprising: ’ - 

l. a generally tubular body; 
ll. radially movable anchor means mounted on the body 
_ for releasably anchoring the body to the casing; 
Ill. a pilot bit carried by the lower ‘end of the body; 
IV, a plurality of angularly spaced underreamers mounted 
on the body for radial movement between extended 
positions for enlarging the diameter. of the bore hole 
made by the‘ pilot bit and positions fully within the 
perimeter of said body; ' ' 

v. piston means operably connected to said underreamers 
and re‘ciprocable in the bore of the body between upper 
and lower positions respectively retracting ‘and extend 

' ing said underreamers; . . 

Vl. sleeve means in said body reciprocable with said 
piston means between upper and lower positions 
respectively releasing and actuating said anchor means; 
and ' ' 

Vll. means initially securing said sleeve means and said 
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6 
piston means‘ to said body in said upper positions andv 
releasable for movement to said lower position in 
response to ?uid pressure applied to the piston means 
through the casing string whereby to actuate said 
anchor means and to extend said underreamers. 

2. The apparatus according to claim 1 wherein said initial 
securing means comprise shear pins. 

3. The apparatus according to claim 1 wherein said sleeve 
means includes means adapted for engagement by a ?shing 
tool to apply upward pull to the sleeve means. . 

4. The apparatus according to claim I including means 
operablygconnecting the piston means to each of the under 
reamers comprising: 

a. a crank arm angularly secured to the underreamer; and 
b. crosshead pin-and-slot connections between the free end 
of the crank arm and the piston means. 

5. The apparatus according to claim I wherein said 
cooperating means includes: , 

a. a tubular landing shoe secured to the lower end of the 
.casing string; ‘ 

b. inwardly projecting splines in the bore of the shoe; and 
c. spline grooves in the bit body open at their lower ends for 

receiving the splines in response to relative downward 
movement of the bit body. 

6. The apparatus according to claim 5 wherein said anchor 
means‘ includes: 

a. a plurality of angularly spaced latching dogs disposed in 
openings in the wall of said body; and 

b. an annular latching groove in the wall of said landing shoe 
arranged for latching engagement with said dogs. 

7. The apparatus according to claim 5 wherein said sleeve 
means includes‘ an annular relief groove about its exterior 
which is registrable with said latching dogs when said sleeve 
‘means is in said upper position to permit retraction of said 
latching dogs from said latching groove. 


