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and 26 within the upsets, the thread series in each joint 
having a small taper toward the ends of the pin sections 
of the joints. a 
The pipe sections 21 and 22 making up the individual 

stands may be interconnected beyond the joint ends by 
suitable means which in effect integrate the inner and 
outer pipes, without however, consequentially restricting 
the passage 20 between them. As illustrative, the pipes 
are shown to be interconnected by radial webs 28 welded 
to the inner pipe 22 and secured to the 9uter pipe by 
weld metal 29 filed into the slots 39 in the outer pipe 
which are brought into alignment with the webs initially 
mounted on the inner pipe. The threads 25 and 26 on the 
inner and outer pipe are of course in such alinement as 
to allow for simultaneous making or breaking of both 
threaded joints by turning one composite stand 21, 22 
relative to another. 
The swivel head 15, given more detailed description 

in Patent Number 2,657,016, issued October 27, 1953, 
may be described briefly as comprising a body 35 into 
which are connected a gas inlet gooseneck 38 and an out 
let gooseneck 39 which are in turn connected to the gas 
circulation lines. Kelly 11 turns relative to Swivel body 
35 and goosenecks 38 and 39 during drilling. As will 
be understood, the swivel serves the function of placing 
goosenecks 38 and 39 in communication with a pair of 
inner and outer concentric passages 19a and 20a in 
kelly 11, which communicate respectively with, and are 
shaped essentially in correspondence with, inner and Outer 
passages 19 and 20 of the string. 
The swivel and kelly are so formed that the gas pass 

ages therethrough have cross sectional areas which are 
at least as great as the cross sectional areas of the string 
passages 19 and 20, so that the flow of gases through ; 
the swivel and kelly is as free as through the string. 
The dual pipe string 10 carries on its lower end a 

cutting tool orbit generally indicated at 50, which may 
be of any of the general types of cutting tools customarily 
employed, modified and adapted however, to accommoda 
tion of the gas circulation in a manner such that the 
bit cuttings will be entrained in the upflowing gas stream 
within passage 19. Typically the bit 50 is shown to 
comprise a body 51 welded at 52 to the lower end of 
the pipe string and carrying a plurality of bottom cutters 
53 extending radially outwardly from a central passage 
or bore 54. The bit contains a substantially annular 
fluid passage 55 interrupted only by vertical webs 56 
integrating the annular inner and outer portions 155 and 
156 of the bit body, passage 55 being so proportioned 
that its cross sectional area is at least as great as the 
cross sectional area of the communicating drill string 
passage 20. Passage 55 communicates at its lower end 
with openings 57 shaped as illustrated to direct the com 
pressed gas stream discharged downwardly through pas 
sage 20 reversely and upwardly within bore 19 of the 
inner string. As in the case of passage 55, the total 
cross sectional area of openings 57 traversed by the gas 
stream will be at least as great as the area of the pipe 
string passage 20. The bit may contain additional open 
ings 58 extending through the lower portion of the outer 
annular wall 156 of the bit and serving to place the in 
terior of the bit in restricted communication with the 
annular space 161 between the drill string and bore wall. 
This communication is desirably substantially more re 
stricted than the communication through openings 57 
between the inner and outer string passages. 

Referring again to Fig. 1, compressed gas is discharged 
from the conventionally illustrated compressor 60 through 
line 61 and hose 62 into gooseneck 38 to be circulated 
down through the drill string passage 20 and the bit 
50, and then up through the inner string passage 19 to 
gooseneck 35. The gas then flows through hose 63 to 
suitable equipment typified by the wet scrubber or sepa 
rator 64 and closed settling chamber 65 for removing 
liquid and solid entrainment from the gas stream prior 
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4. 
to recirculation to the compressor through line 165. A 
gas cleaning or scrubbing liquid, such as a suitable mineral 
oil, may be sprayed into scrubber 64 by pressure de 
veloped in a pump 166, which draws clean liquid from 
the upper portion of settling tank 65. The cuttings and 
other contaminants separated from the gases settle to 
the bottom of tank 65, and may be periodically withdrawn 
through a valve controlled outlet 167. As will be un 
derstood, the compressor discharge and return lines 
(through the separator) constitute a closed recirculation 
system. 

Valve 266, for regulating the gas pressure within space 
16; at the outside of the tool string, and for regulating 
the rate of gas flow through the string, may comprise a 
conventional diaphragm type automatic regulator valve. 
More specifically, this valve 160 may include a dia 
phragm 170 which is subjected at one side to the pressure 
within space 161 in the well, by means of a line 17 
connected into head 2 which forms the seal at the top 
of the well. Movements of the diaphragm 170 in re 
sponse to variations of the gas pressure in space 161 serve 
to actuate the valve element 72 to any of an infinite 
number of positions within a predetermined range of 
movement. This valve element 172 acts to control the 
rate of gas flow through the drill string, and for this 
purpose is connected into the gas return line from inner 
drill string passage 19 to compressor 60, preferably be 
ing connected into a portion i65 of this line beyond 
scrubber 64. Valve element 172 serves to variably re 
strict the flow of gas through line 165, to control the 
back pressure against the gas stream in the drill string, 
and to thereby vary the pressure within space 161. 
Gas is added to the closed circulation system from a 

supply tank 163 in which the gas (preferably nitrogen), 
is maintained under substantially greater pressures than 
occur in line 165. The make up gas flows into line 165 
at a point beyond valve element 172 under the control 
of the automatic pressure regulator valve 162 whose di 
aphragm 174 is subjected to the gas pressure at the suc 
tion side of compressors 60. As will be understood, if 
the gas pressure at that location falls below a predeter 
mined value, valve 162 automatically opens to admit 
Sufficient additional gas to the closed system to again ob 
tain the desired pressure at the downstream side of 
valve 162. 

In considering the operation of this system, assume 
the equipment to be set up as illustrated in Fig. 1, with 
the compressor 60 operating to discharge compressed 
Substantially pure nitrogen through line 61 into goose 
neck 38. The gas flows downwardly through the swivel, 
Kelly passage 20a, string passage 20, and bit passage 56 
into bore 54 and the inner drill string passage 19. With 
the bit being rotated to drill the formation, the cutters 
53 progressively disintegrate and penetrate the forma 
tion and form cuttings at the locations of openings 57. 
By reason of the high velocity gas flow at its point of 
reversal within the opening 57 (as permitted by the open 
condition of the circulating passages within and through 
out the drill string) the cuttings are entrained in the gas 
stream and carried thereby up through passages 19 and 
19a and gooseneck 44 into the separator 64. Even in 
the drilling of deep wells, it is possible to maintain with 
in passage 19 a gas velocity, preferably at least about 
1500 feet or above per minute, sufficient to assure con 
tinued entrainment of the cuttings throughout the course 
of the gas flow to the ground surface. From separator 
64, the cuttings and scrubbing liquid, as well as any other 
contaminants picked up in the well, are taken to the 
closed settling tank 65, from which the contaminants are 
periodically withdrawn. 

Regulator valve 160 is adjusted to automatically main 
tain a predetermined pressure in the annular space 161 
between drill string 10 and the well bore wall. That 
pressure is desirably so regulated as to maintain a pre 
determined relation between the pressure within space 



5 
161; and the pressure of the surrounding formation, 175 

s' which communicates with therwell;the relations between 
r, these two pressures being such;as to attain optimum con 
trol of the circulating gas and formation materials under 

6 
it for which Valve.f50 has been set. A reverse action of 

ourse occurs if the pressure: within space:161 becomes 
- greatersthan the desired; pressure, valve 160 thenacting 
;: to decrease, the restriction inline 165thereby increasing 

: the particular drilling, conditions, which are: encountered. is 53t the late of:flow; through the drill stringerpassages and 
Under most circumstances, it is desirable; that the pres 

& Sure within the: space 1613ibe maintained approximately 
: equalito the communicating pressure in the surrounding 
i. formation. 75, so that the:pressurized gas within space 

is tending:to decrease; the pressures within space:161 to the 
esired value. Under, some operating conditions, as where 

;: thei;pressure: in space. 161:... is slightly greater than the 
formation pressure; there may be a normal substantially 

...161 will act to maintain the formations fluids, sand, etc.,.0, continuous flow of a small amount of the circulating gas 
... from flowing into they well. : Since...it, is usually, rather 
difficult to maintain the pressure: in space. 161:exactly 
equal to the pressure in the formation, and since it is 
usually; desirable to prevent? the: inflow: of materials into 

: through biti passages:58 into; space; 1613 and then into 
the formation, with the actuation of valve 160 serving to 
regulate that rate of flow to maintain a proper pressure in 

:Space; 161. Similarly, it is conceivable that under, some 
the well from: the formation even at the expense of loss, 15...operating conditions;ithere might be a small flow of mate 
of some of the circulating gas, I prefer to regulate valve 

... 160 for maintaining the pressure, in space 161, slightly 
greater than the formation pressure (though still being 
approximately equial to that pressure) so that any flow 

rial into the drill:string from space. 161. It is desirable 
that the flow through passages 58 be kept at a minimum, 

...there being high-velocitygas, flow; in the string, and sub 
stantially. noºgasflow.sin space - 161 at the outside of 

which may occur will comprise, a slight flows of gas from:20, the string, so that the difference in velocity, at the inside 
space 161 into the formation rather than a reverse flow 
of the formation materials into the well bore. In most 
cases, the pressure in space 161 may for this reason be 
between about 5 and 50 pounds per square inch greater 
than the pressure in the communicating formation, a 
preferred value for this pressure differential being about 
10 pounds per square inch. Such maintenance of a 
slight excess of pressure within space 161 also assures 
maintenance of a gas column within space 161 through 
out its entire vertical extent, that is, all the way from 
head 12 downwardly to the bottom of the bore so that 
this gas column communicates directly with the interior 
of the bit through bit passages 58. In order to deter 
mine what the formation pressure at 175 is, to thus de 
termine a proper setting for regulator valve 160, com 
pressor 60 may be first actuated to a condition develop 
ing a substantially greater pressure in space 161 than 
could be expected in the formation, following which the 
compressor may be stopped to allow the excess pressure 
in space 16, to slowly bleed off from the closed circula 
tion system into formation 175 and until the decrease 
in pressure ceases by reason of the equalization of pres 
Sure in space i6i and the formation. The pressure in 
Space i61 may then be read from a gauge 176 connected 
into line 7, and that pressure reading will correspond 
to the formation pressure, minus the relatively small 
pressure exerted by the column of gas in space 161 as 
a result of the weight of the gas. Valve 160 may then 
be adjusted to maintain a pressure in space 161 having 
the desired relation to the determined formation pres 
Sure, say about 10 pounds per square inch more than 
that pressure. 
To describe now more specifically the actual manner 

of functioning of pressure control valve 160, assume first 
that the drill and other apparatus of Fig. 1 has been op 
erating with the gas pressure in space 161 maintained at 
the value for which regulator valve 160 has been set, and 
that the pressure within space 161 then commences to 
drop beneath that value (usually because of a loss of 
some of the gas to the formation). This drop in pressure 
within space 16 is communicated through line 171 to 
the right hand side of diaphragm 70 in valve 160, with 
the result that the diaphragm is actuated in a direction for 
slightly increasing the restriction which it offers in line 
165. This increased restriction causes a slight increase in 
back pressure in the scrubber, line 63, gooseneck 44, 
and in upflow passage 19 within the drill string. Con 
sequently, the return or upward movement of the high 
velocity gas stream within the passage 19 is slightly de 
creased, and the resultant increase in pressure within the 
bit at the bottom of passage 9 causes some of the cir 
culating gas to flow through bit passages 58 into the 
outer space 161, in an amount sufficient to raise the gas 
pressure within the space 161 back to the desired value 
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and outside of the string results in the maintenance of a 
slightly greater gas pressure at the outside of the string 
than at its inside, even though there is direct communi 
cation between these locations through passages 58. 

In the event that the cuttings within gas upflow passage 
i9 in the string accumulate to an extent introducing a 
danger of clogging that upflow passage, the excess of 
cuttings causes a slowing of the upward movement of 
the gas stream within passage 9, which slowing results 
in an increase in pressure in the passage and in the com 
municating outer space 161. That increase in pressure 
in space i61 causes regulator valve 160 to slightly open, 
tending to increase the return or upflow of the gas stream 
within passage 19, to thereby carry away the excess num 
ber of cuttings and prevent clogging. Thus, valve 160 
serves the secondary function of automatically regu 
lating the rate of gas flow through drill string 10 in a 
manner assuring handling of the cuttings, and compen 
Sating for any changes in the rate of cutting formation. 

I claim: 
1. Well drilling apparatus comprising a drill string, a 

bit carried at the lower end of said string and adapted 
to form cuttings at a bottom location in a well bore, said 
String containing a first passage adapted to conduct a 
high velocity gas stream downwardly through the string 
to said location to entrain said cuttings, said string con 
taining a second passage for then conducting said stream 
and cuttings upwardly to the surface of the earth, means 
for producing said high velocity flow of said gas stream 
through said passages, and means operable to maintain 
a pressurized column of gas in the well between said 
string and the bore wall with the pressure thereof com 
municated to the bit at said bottom location and to the 
bore wall, said last mentioned means comprising an auto 
matic regulator valve responsive to said gas column pres 
Sure and acting to automatically regulate the rate of dis 
charge of said upflowing gas stream from said second 
passage in accordance with changes in said column pres 
Sure and to thereby regulate the column pressure. 

2. Well drilling apparatus as recited in claim 1, includ 
ing means forming a closed recirculation system for said 
gas Stream at the Surface of the earth. 

3. Well drilling apparatus comprising a drill string, 
a bit carried at the lower end of said string and adapted 
to form cuttings at a bottom location in a well bore, said 
string containing a first passage adapted to conduct a 
high velocity gas stream downwardly through the string 
to said location to entrain said cuttings, said string con 
taining a second passage for then conducting said stream 
and cuttings upwardly to the Surface of the earth, means 
for producing said high velocity flow of said gas stream 
through said passages, means operable to maintain a 
pressurized column of gas in the well between said string 
and the bore wall with the pressure thereof communi 
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cated to the bit at said bottom location and to the bore 
wall, said means for maintaining said gas column in 
cluding an automatic regulator valve responsive to vari 
ations in said column pressure and acting in accordance 
with said variations to automatically variably restrict the 
flow of gas discharged from said second string passage, 
there being means forming a closed recirculation system 
for said gas stream at the surface of the earth, and means 
for adding gas to said closed system and including a 
second automatic pressure regulator valve operable to 
add gas to the system in response to a pressure drop in 
said system beyond said first valve. 

4. Well drilling apparatus comprising a drill string, a 
bit carried at the lower end of said string and adapted 
to form cuttings at a bottom location in a well bore, said 
string containing a first passage adapted to conduct a 
high velocity gas stream downwardly through the string 
to said location to entrain said cuttings, said string con 
taining a second passage for then conducting said stream 
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for producing said high velocity flow of said gas stream 
through said passages, and means operable to maintain a 
pressurized column of gas in the well between said string 
and the bore wall with the pressure thereof communi 
cated to the bit at said bottom location and to the bore 
wall, said last mentioned means including an automatic 
regulator valve responsive to variations in pressure at a 
location communicating with said gas column and acting 
to automatically regulate the rate of discharge of said 
upflowing gas stream from said second passage in ac 
cordance with said pressure variations and to thereby 

and cuttings upwardly to the surface of the earth, means 20 

regulate the column pressure. 
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