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This invention has to ‘do ‘with improved meth 
ods and equipment for drilling wells, and ‘has 
for its general purpose to provide such innova 
tions with respect not‘only to the drilling of the 
well bore, but also the procurement and testing 
of formation or core samples, as will enable ‘a 
lwell-to-be drilled at-fasterspeed‘and withgreater 
knowledge ‘and control over the various factors 
‘entering into the drilling operation, that are 
possible by the conventional or past practices. 
The universal method of rotary well drilling 

is to carry the bit or cutting 'tool on a single 
pipe string through which circulating ?uid is 
pumped down to the bit and then passed with 
its content of small formation cuttings, upwardly 
between the drill :pipe and wall‘ ‘of the well to 
‘the ground surface. Exposure ‘of the formation 
to the full circulation stream gives ‘rise to such 
undesirable conditions as washouts, excessive, 
vmud deposits on the bore wall, and ‘entrance to 
the ?uid stream of ‘formation particles which 
may be from sources other than the formation 
being drilled. This latter condition particu 
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larl-y troublesome where the geological character ‘ 
of the formation is ‘being determined (as by 
progressive surface tests of the cuttings) more 
or less continuously during drilling. 

Frequently it is desirable to have {and to test 
core samples of the formation to obtain infor 
mation not available from the smaller size cut-, 
tings. According to conventional practice, drill 

:ing must be interrupted and va coring tool ‘into the well and operated to cut, and receive ‘a 

core, which is removed with the tool itself. Obvi 
ously, though at times ‘desirable to obtain ‘cores 
‘at closely successive intervals “or depths, the na~ 
ture and expense of the core-taking facilities 
‘have placed limitations on the number ‘of cores 
‘which practically can be taken. 

Brie?y, the present invention ‘contemplates 
‘a new system of drilling whereby it is made pos 
sible to form and displace to the ground surface, 
‘a continuous succession of core samples progres 
sively and continuously as the well is drilled, 
while maintaining a course of circulating ?uid 
?ow which substantially isolates the ?uid from 
contact with the formation, and thereby obvi 
ates the aforementioned di?iculties which result 
from such exposure. 

In accordance with the invention, the well is 
drilled by a combined cutting and coring tool 
carried by or connected to a composite drill string" 
comprising an outer pipe ‘spaced about an inner 
pipe to provide a passage for downward ?uid 
circulation to the tool. As will appear, the lat 
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lter designed to cut co'res ‘smaller than ‘the 
‘internal diameter of the inner pipe string, and 
is adapted for the :passage of "circulating ?uid 
=from between the pipe strings, upwardly ‘about 
the core and into the inner string ~so that the 
“successive core pieces are carried progressively 
as they are formed by the ?uid ‘to the ground 
'surface. There, provision may be made-‘for‘s‘epe 
arating the ?uid from the'cores and continuously 
,passing the latter to an analyzing "station, "or 
,through any of the known types of formation “or 
core testing apparatus, to provide for‘continuou's 
testing and recording of the formation charac 
teristics by reference tosucces‘sive ‘cores. 

Substantial isolation of the circulation l?uid 
stream from the ‘formation and bore wall, "is ac‘ 
complished by maintaining at the outside of the 
composite pipe string ‘a column of ?uid prefer 
ably exerting at the depth of the "cutting ‘tool 
a pressure greater than that of the ‘circulation 
at the bit, so that any tendency for ?uid ills‘ 
placement ‘is from the‘outer ‘column into the 
culation stream, rather than the ‘reverse. Ac 
cordingly, in this manner and by maintaining a 
comparatively static “?uid column about the cir 
culation course, I avoid the customary mud depo 
sition on the wall of the well due to "contacting 
circulation, and e?ect a ?uid seal ‘against entry 
to the circulation stream of consequential 
amounts of ‘formation particles from ‘sources 
other than the location being drilled and ‘cored. 
The invention has a number of aspects and 

details having to do with such features as the 
form and make-up of the drill string, core bit, 
swivel and ?uid take-off ‘at the ground surface, 
system ‘of core testing and the l‘gene‘arall methods 
of operation in the well. 

All ‘these will be understood ‘to best ‘advantage 
"from the ‘following detailed description of her; 
tain illustrative practices and embodiments of 
the invention, as‘ shown by the accompanying 
drawings, in which: ‘ _, 

Fig. 1 is a general "view illustrating the well 
drilling apparatus in conjunction with the core 
transferring and testing equipment; , 

Fig. _2 is an enlarged sectional view of the 
swivel head assembly; 
‘Fig. 3 is a ‘fragmentary enlarged sectional view 

of the composite pipe string and drill bit; 
Fig; 4 is an enlarged "cross section on line 4;! 

of Fig. ‘8 ; 

Fig. 5 is a sectional view illustrating a prose 
dure 'employable in making up a stand of the 
drill pipe; 
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Fig. 5 is a cross section on line 6-6 of Fig. 5; 
and 

Fig. '7 is a view illustrating a variational form 
of pipe string joint, 

Referring first to the general illustration of 
Fig. 1, the well drilling, core producing and test 
ing system is shown to comp-rise a drill pipe as 
sembly generally indicated at it and including 
an outer string ii and an inner concentrically 
spaced string i2 carrying at their lower ends the 
drill bit it. The assembly H3 includes a polyg 
onal outer Kelly section It connected to the pipe 
l6 and extending through the swivel i6, and an 
inner pipe section ll, see Fig. 2, connected to the 
pipe [2 for passage of circulating fluid and core 
sections through the swivel and hose E8 to the 
?uid separating and testing equipment generally 
indicated at i9. 

Considering at this point Figs. 3 to '7, the con 
centric drill pipe strings I l and I2 may be made 
up of connected stands 26, see Fig. 5, each com 
prising inner and outer pipe sections 2| and 22 
of corresponding length, at least the outer sec 
tion being terminally threaded at 22! and 23 
typically to form threaded pin and box ends. In 
the form of Fig. 5, the inner section 2| has simi 
lar threaded pin and box ends 24 and 25, the 
thread pitch or lead of which corresponds to the 
outer section threads at 22 and 23. In making 
up a composite pipe stand, circularly spaced sup 
ports or ribs 25 may be welded to the inner sec 
tion 2i, say at locations near its threaded ends, 
and the pipe then inserted within the outer sec— 
tion 22. By then screwing onto the sections 
and to the shouldered position shown in Fig. 5 
a setting cap 21 having threaded flanges 28 and 
26 carrying threads corresponding to the threads 
on the pipe sections 2% ' and 22, and having the 
threads starting axially and circularly oi the cap 
at exact corresponding positions, the pipe sec 
tions are brought into corresponding alinement 
with the thread positionv With the sections thus 
alined, the outer pipe may be cut through at the 
location of the ribs 26 and ?lled with welds 36 
integrally bonding the ribs and through them 
the inner section 2!, in concentric spaced rela 
tion. 
The stands at, thus preassembled, may be con 

nected in end to end relation in making up the 
pipe string. As will be understood, the Kelly M 
and inner pipe i'l may be similarly made up by 
threaded ends at the joint 3!, see Fig. 1. At the 
upper end of the kelly, pipe i'i may be left un~ 
threaded but attached to the outer section by 
ribs at 322. 

It is contemplated that instead of providing 
for threaded joints between both the inner and 
outer sections of successive stands, I may pro 
vide simply for a sealed telescopic inter?t be 
tween successive inner sections. rilhus, referring 
to Fig. 7, the outer sections as are interconnected 
by threaded joint 35, while the inner sections 36 
concentrically supported by the welded—in-place 
ribs 3? are telescopically inter?tted at 38. Fluid 
leakage between the telescoped ends may be 
minimized or prevented by use of a seal ring 39. 

Referring now to 3, the core cutting tool 
or bit i3 comprises a body at, the shank 4! of 
which is secured at ($2 to the bottom pipe stand 
l is. As illustrative, I have shown at 432 a Welded 
joint, although it is apparent that if desired 
either form of the threaded joints illustrated in 
Figs. 5 and 7 may be employed. At its bottom, 
the bit has an outer annular cutting portion or 
face, generally indicated at 43, carrying for ex 
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4 
ample a circular arrangement of cutters 44, and 7 
an inner, upwardly offset core cutting portion, 
generally indicated at A6, which may carry cir 
cularly arranged cutters 46 of suitable type. The 
cutting face :33 operates to drill the formation 
about a relatively large diameter core ‘til, which is 
reduced by the cutting face (is down to a re 
duced diameter core is somewhat smaller than 
the internal diameter of the inner pipe string 
I2. Thus as the bit penetrates the formation, 
there is continuously formed a core, or successive 
core sections which enter the bore 50 wherein 
the core is engaged by a spiral projection 5| 
which may serve the two-fold purpose of spacing 
the core from the bore wall, and of exerting an 
elevating influence which, together with the cir 
culation ?ow, displaces the core upwardly into 
the string [2. The core :23 will tend to sever into 
successive lengths or sections, to be carried as, 
formed and severed, upwardly through the drill 
string to the ground surface. During drilling, a 
continuous circulation of ?uid, which may have 
relatively low density and little content of any 
of the usual weight additives, is circulated down 
wardly through the annular passage 52 between 
the pipe strings and circularly arranged passages 
53 in the bit 46, to be discharged beneath the 
cutting face 45, as through channels 54, upwardly 
through the bore 56 and string E2. The circula 
tion fluid stream thus directed, and substantially 
isolated from the well bore at 56 outside the pipe 
string, carries away the relatively small forma 
tion particles being cut by the bit while the core 
pieces 48 are displaced up through the pipe string. 
The swivel assembly I6, and as particularly 

illustrated in Fig. 2, comprises a body 51 contain 
ing a gooseneck 58 supplied with circulating ?uid 
from the hose 59. The lower end of the goose 
neck has sealed engagement at 66 with a rotat 
ing tube 6| carrying the inner race 62 of the 
roller bearing assembly 63. The tube 6| is 
screwed at 64 into the kelly. A second goose 
neck 65 extends downwardly within gooseneck 
58 and the tube 64 into telescopic relation at 66 
with the rotating inner section I’! of the Kelly 
stand. Suitable seal means, such as one or more 
rings 67, prevents ?uid leakage at the joint 66. 
As will be apparent, by virtue of the illustrated 
swivel head assembly construction, rotation of 
the Kelly stand is permitted while the swivel body 
and goosenecks remain stationary, with circulat 
ing fluid being discharged from hose 59 down 
wardly through the pipe string passage 52 into 
the bit and thence returned, together with the 
cuttings and core sections to be discharged 
through the gooseneck 65. 
As previously indicated, provision may be 

made for continuously separating ?uid from the 
core sections being taken from the well, and for 
continuously thence passing the cores through an 
analyzer station. As illustrative, the circulating 
fluid and cores are shown to be discharged 
through hose [8 to a diagrammatically illus 
trated rotating screen 68 through which the cir 
culating ?uid separates for collection in basin 
69 and drainage through pipe 10 into the mud 
sump ‘H. From the screen 68, the core samples 
are advanced to or through suitable formation 
analyzing equipment, conventionally indicated at 
72, which may be in the nature of the mobile or 
portable analyzer equipment currently in use for 
determining the properties and characteristics of 
formation cuttings brought to the ground sur 
face by fluid circulated according to the custom 
ary methods. 
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It is contemplated‘- that, ?uid circulation 
through the composite drill string l0 under nor 
mal operating conditions, be substantially iso 
lated from the well bore 55 outside the pipe 
string. For this purpose I maintain in the well 
and particularly at the depth of the bit 18, a 
pressure sufficiently great as to resist the tend 
ency of the ?uid circulation to pass openly into 
the well bore, instead of entering the return 
string l2. Such pressure condition preferably is 
established by maintaining about the-pipe string 
a ?uid column exerting at the depth of the bit a 
hydrostatic pressure greater than the circulating 
?uid pressure at the bit. The outer hydrostatic 
column may be composed of a relatively high 
density liquid, such as water rather heavily 
loaded with weight additives, extending to the 
ground surface. The hydrostatic column may be 
kept at the level of the casing head I10 by con 
tinuously feeding the heavier ?uid under pres 
sure through line Ill and at a rate compensat 
ing for any removal of the column ?uid into the 
circulation stream at the bit I3. Should it be 
desired to feed the heavier ?uid to the well col 
umn through a gravity system, the ?uid may be 
discharged into line ill through stand pipe I12 
leading from a supply tank 13 su?iciently ele 
vated to assure that the pressure of the hydro 
static column at the bit will exceed that of the 
circulation ?uid at the same location. 
The drilling methods and operations will be 

understood from the foregoing description. Cer 
tain further observations may be made however, 
with respect to the maintenance of proper drill 
ing conditions and the capacity of the system for 
indicating that improper drilling conditions 
may at times exist. Normally, the fluid will have 
relatively free circulation down through the pas 
sage 52 and upwardly into the bit and inner drill 
string 12. And some ?ow of the heavier or 
higher pressure ?uid will occur from the hydro 
static column in space 55 across the working 
faces of the bit into the circulation ?uid stream. 
In the event of an adverse operating condition, 
such as a plugged bit which may tend to divert 
the circulation from passage 52 outwardly into 
the well, or in the event of a more or less sudden 
intrusion of liquid or gas from the formation 
into the well, reliance may be had upon a result 
ing displacement or pressure increase of the hy 
drostatic column at the ground surface, to indi 
cate the necessity for modifying operations to 
correct the condition. Sudden sub-surface in 
trusion of ?uid into the hydrostatic column will 
be indicated either or both by an excessive over 
?ow through pipe 10 to the sump ‘H and pressure 
increase in line Ill as may be indicated by the 
gauge G. To prevent ?uid up-surge, or trans 
mission of excessive pressure to line I'll, I may 
apply to the drill string ill at any suitable depth 
in the well, an annular restrictor or packer 15, 
the size of which is su?iciently great to check 
and attenuate a sudden upward ?uid surge, while 
being su?iciently small to pass the hydrostatic 
column ?uid downwardly at the rate at which it 
may be taken into the circulation ?uid stream. 
The invention contemplates and has adapt~ 

ability to a modi?ed general method of drilling 
where the removal of loose formations subject to 
caving into the well bore, is particularly desir 
able. Ordinarily, a given well may be drilled 
through sandy or other loose formations which 
if unrestrained, would tend to slough o? into 
the well bore to a degree roughly determined by 
the angle of repose of the loose formation in any 

10 

.15 

20 

25 

30 

60 

65 

75 

' Of T813086. 

‘6 
particular instance. According to customary 
drilling‘practices, the circulationuoi drilling mud 
up through the well bore maintains against such 
loose formations sufficient pressure to allow rela 
tively little sloughing oif. ‘Because at expects-hie 
diiiiculties that may be encountered ‘by cavedns 
subsequent to the drilling or completion or the 
Well, it may be desirable to assure initial re 
moval of all loose formations to the iextentlthat 
the sand or the like ‘will assume and resist fur 
ther sloughing oil‘, from its characteristic angle 

Pursuant to this contemplation, drilling opera 
tions may be conducted by maintaining 9. 0111311‘. 
‘lation of air downwardly through passage 52 and 
upwardly through the smaller diameter string 12, 
at a velocity su?iciently high to conduct the core 
sections and bit cuttings to the ground surface, 
and at least during successive drilling periods, to 
the complete exclusion of any liquids or drilling 
muds either inside or outside the pipe string. 
Thus in the absence of any liquid or hydrostatic 
pressure against the bore wall, loose formations 
will tend to cave-in to the well until the loose 
formation sloughs off to its angle of repose. 
Then as the caved-in sands and the like accumu~ 
late in the bottom of the bore hole, the drill 
string I 0 may be elevated somewhat, if neces 
sary, and an appropriate liquid or drilling mud 
punked down through either passage 52 or the 
inner string l2 and upwardly around the compo 
site string into the well bore 55 and to the ground 
surface. In this manner the caved-in materials 
are carried out of the well and the latter is 
cleaned for continuance of drilling by air circu 
lation in the manner previously described. 

I claim: 
1. For connection to the upper ends of a well 

drilling kelly and an inner pipe contained therein 
and spaced therefrom; a swivel assembly com 
prising a single hollow body structure having a 
bottom wall containing an opening, a vertically 
extending tube connectable to said kelly at a lo 
cation beneath said bottom wall and journalled 
in said opening in the bottom wall for rotation 
relative thereto about a vertical axis, said tube 
extending upwardly through said wall opening , 
into the hollow body, said body having an upper 
wall containing an opening at a location spaced 
above said bottom wall and located higher than 
the upper end of said tube, a ?uid inlet pipe at 
tached to said upper wall and extending down 
wardly through said opening therein and into 
said hollow body, said fluid inlet pipe being in 
communication with said rotatable tube at a lo 
cation within the body, ?uid seal means within 
said body preventing ?uid leakage between said 
pipe and tube, and a ?uid outlet pipe extending 
downwardly within said inlet pipe communicable 
with said inner pipe in the kelly and to which 
said inner pipe is rotatably connectable. 

2. A swivel assembly as recited in claim 1, in 
which said hollow body comprises separately 
formed upper and lower sections attached to 
gether and. forming said upper and lower walls 
respectively. 

3. A swivel assembly as recited in claim 1, in 
which said ?uid outlet pipe extends into the body 
through said opening in the upper "wall and 
within said inlet pipe, and extends downwardly 
within said tube and through said bottom wall 
to a lower end which communicates with said 
inner pipe in the kelly. 

4. A swivel assembly as recited in claim 1, in 
which said inlet pipe comprises a one piece tubu 
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lar gooseneck extending upwardly through said 
upper wall opening and then curving laterally, 
and said outlet pipe comprises a one piece tubular 
gooseneck extending upwardly through said up 
per wall opening within said inlet pipe and then 
extends through an opening in the Wall of said 
inlet. pipe and curves laterally. 

5. A swivel assembly as recited in claim 1, in 
which said hollow body comprises separately 
formed upper and lower sections attached to 
gether and forming said upper and lower Walls 
respectively, said inlet pipe comprising a tubular 
gooseneck extending upwardly through said up 
per wall opening and then curving laterally, and 
said outlet pipe comprising a second tubular 
gooseneck which extends upwardly from beneath 
the body through both of said openings and the 
body and then through an opening in the wall 
of said inlet pipe and then curves laterally. 

DONOVAN B. GRABLE. 
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