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2,951,680 
TWO FLUID DRILLING SYSTEM 

John M. Camp, John E. Eckel, and Max C. Sons, Tulsa, 
Okla, assignors, by mesne assignments, to Jersey Pro 
duction Research Company 

Filed Nov. 5, 19‘56, Ser. No. 620,348 

9 Claims. (Cl. 255-43) 

The present invention is concerned with "the drilling of 
boreholes in the earth and is more particularly concerned 
'with an improved method and apparatus for the drilling 
of boreholes using a gaseous or gas-containing drilling 
?uid in conjunction with a heavier drilling mud. The 
invention provides two separate circulatory systems with 
in the borehole, thereby permitting separate circulation 
‘of the drilling ?uid to and from the cutting area while a 
more dense drilling mud is circulated in the annulus of 
the borehole. 

It has long been recognized that the relatively high 
density of the drilling muds used in conventional rotary 
drilling systems has an adverse effect upon the cutting 
action of the drill bit and that improved drilling rates 
could be obtained by reducing the hydrostatic head upon 
the formation. The use of a gas or a drilling mud whose 
density has been decreased by the addition of gas in 
place of the conventional drilling mud has therefore ‘been 
suggested. Because of the numerous ‘functions which 
must be performed by the drilling mud in conventional 
systems, however, this has proved impractical in many 
instances. In conventional rotary drilling, the drilling 
mud acts as a plastering or sealing agent to’ protect and 
maintain the borehole walls, as a lubricant, as a heat 
transfer medium, and as a carrier medium for removing 
,cuttings from the borehole. The hydrostatic head of the 
drilling ‘mud also serves to prevent high pressure gas'or 
oil formations from blowing out of control. The caving 
‘of the borehole walls and the entry of water into the > 
‘borehole from the surrounding strata pose particularly 
severe problems where a gas or gas-containing liquid is 
used in place of the conventional‘mud. , The presence of 
Water when‘ a gas is used as the (drilling fluid causes the 
cuttings from the drill bit to agglomerate intoa gummy 
mass which adheres to the bit, the borehole Walls and 
the drill stem. This leads to decreased ‘drilling rates 
and may in time completely clog the drilling apparatus, 
necessitating shut-down to permit cleaning out of the 
borehole. If the ?ow of water is great ,enough,tnormal 
lyavailable air pressures and volumes may ‘not be su?i 
cient to lift an accumulated column of ‘water from the 
borehole. In such cases ‘drilling with air or gas must be 
‘abandoned and conventional mud drilling at a reduced 
rate must be resorted to. Caving of the unprotected bore 
hole walls may result-in ‘damage to the ‘drill ‘string and 
make well completion operations more-di?icult. 
Numerous attempts have been made to ,solve these 

problems. The most common approach has been to add 
various chemicals to the air-stream in order to seal the 
borehole walls. This has generally proved unsuccessful. 
Other proposed solutions ‘have likewise ‘been unsatisfac 
tory and therefore ‘air drilling has been largely restricted 
to areas where there is little likelihood that water-bearing 
‘formations will be encountered. 

-It is therefore an objective of the present invention :to 
provide an improved method of drilling boreholes where 
in two separate circulatory systems are maintained within 
the borehole, permitting the use of air or‘a gas as a 
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drilling ?uid and the use of a heavier, more dense ?uid 
as a means for sealing the borehole walls and prevent 
ing caving. 
A further objective of the invention is to provide a 

means for drilling under a low hydrostatic pressure at the 
bottom of a borehole while maintaining in the remainder 
of the borehole a much higher hydrostatic pressure, thus 
providing control of high pressure strata surrounding the 
borehole. 

Other objectives will be apparent from the description 
of the invention, the accompanying drawings, and the ap~ 
pended claims. ‘ 

To accomplish these objectives, the drilling apparatus 
of this invention comprises a rotary drill bit, a drill collar 
having multiple conduits therein for the passage of ‘fluids 
and ?tted with a moveable packer which forms a tight 
closure between the outer surface of the drill collar and 
the walls of the borehole, and a drill pipe having multiple 
conduits corresponding to those of the drill collar. The 
drill pipe and collar are connected by box and pin joints 
which permit the making up of joints without the necessity 
of orienting and aligning the internal conduits. In drill 
ing with the apparatus of the invention, a heavy, dense 
drilling mud is circulated in the annulus of the borehole 
to maintain and seal the borehole walls; while a gas or 
gas-containing liquid is circulated to and from the drill 
bit to perform the other functions conventionally per 
formed by the drilling mud. The reduced hydrostatic 
head on the formation permits improved drilling rates 
while many of the di?iculties normally encountered in 
air or gas drilling are avoided. It is thus seen that the 
ingress of water from upper formations into the bore 
hole and thence down thetborehole to the bit is elimi 
nated. 
The nature of the invention can perhaps be best under 

stood by referring‘ to ‘the accompanying drawings, in 
which: ‘ _ 

Figure 1 depicts in vertical section taken along‘the 
line E-E of Figure 2 a drilling apparatus embodying 
the present invention; I 

Figure 2 is a cross-sectional view of the drill collar 
taken ‘along the line A—A of Figure 1; 

Figure 3 is a cross-sectional view of the drill collar 
taken along the line B—B of Figure 1; 

Figure 4 is a cross-sectional view of ‘the drill collar 
taken along the line C—-Ctof Figure 1; , 

Figure 5 shows an alternate cross-sectional con?gura 
tion which may be used for the drill collar and drill 
plpe; . 

Figure 6 shows another ‘cross-sectional con?guration 
which may be used for the drill collar and drill pipe; 

Figure 7 shows an enlarged sectional view of theqbox 
of-the drill collar; 

Figure 8 shows a cross-sectional view of the drill collar 
taken along the line D—,-D of Figure 7; 

Figure 9 shows an enlarged sectional view of ‘the pin 
of the drill pipe; and, 

Figure 10 shows a sectional view of the box of Figure 7 
and the pin of Figure 9 threaded together to forrna box 
.and pin joint and rotated 90° counterclockwise ‘from‘the 
views shown in Figures 7 and 9. ‘ ' 
Referring now to Figure 1, the drilling apparatus of 

the invention comprises a rotary bit 1 attached to a drill 
collar 2 which is in turn attached to a string of drill pipe 
3 extending to the surface of the earth. Rotary .bit=1 
may be of any conventional type, including the >l?shtai-l, 
disc, roller and‘ cone types. It may employ replaceable 
blades or cutters. The bit is threaded into drill collar 
2 and contains a central passage 4 for the passage of 
drilling ?uid from the drill collar to the cutting surfaces 
of the bit. . v ' 



"drill pipe. 

' of the rod within this slot. 
. -19 upward against rod 27 results in the opening of valve‘ 

' Drill collar 2 is threaded to drill bit 1 at its lower 
end and is connected at its upper end to drill pipe 3 by a 
box and pin joint 5 which will be described in detail later. 
Recessed section 6, having an upper’limit de?ned by 
shoulder 70 and a lower limit de?ned by shoulder 71 
extends around the .outer circumference of the drill collar 
and is of the same length as a conventional section of _, 

The drill collar contains separate internal 
conduits 7, 8 and 9, which maybe seen in cross-section 
in Figures 2 andw3. It ‘will be appreciated that these 
{internal conduits may have other cross sections in lieu of 
that shown in Figure 2, such as those shownin Figures 5 
‘and 6. I Conduit 7 extends'from the box and pin joint 5 
'at the upper end of the drill collar to a point below re 
cessed section 6 and ?uidly communicates with the an 
:nular space between the drill collar and the bore wall 10 
below recess 6 through port 11. Conduit 8 extends from 
vthe box and pin joint 5 at the upper end of the drill 
collar to a point below recessed section 6 and ?uidly com 
municaters with the annular space between the drill collar 
and the, bore, wall 10 above recess 6 through port 12. 
‘Conduit 9Vextends from the box and pin joint 5 at the 
upper end of the drill collar to the, lower end thereof and 
communicates with the bore of rotary bit 1. The lower 
section of conduit 9 forms valve seat 13 and valve 14 

vis positioned therein below the seat. The valve is spring 
loaded byspring 15 supported by spider 16, which also 
serves as a guide for the stern of the valve. The valve 
is normally in a closed position and is open downwardly 
'by pressure exerted by drilling ?uid pumped downward 
through conduit 9. Connected to the upper stem of valve 
14 is a sleeve valve 17 which extends through opening 18 
between conduits 7 and 9 and slides vertically in the 
'two conduits, The sleeve valve is normally closed, clos 
' ing port _11 between conduit 7 and the annular space 
‘surrounding the drill collar. As valve 14 opens sleeve 
valve 17 also opens, admitting ?uid into conduit 7 from 

' the annular space. ' 

Positioned upon drill collar 2 within recessed, section 
6 is anannular sleeve 19 which is provided with a plural 
ity of closely spaced ports 20 extending through the 
sleeve. Sleeve 19 is free to turn and slide about the drill 
collarwithin the con?nes of the‘ recessed section and 

‘a seal rings 21 maintain a seal between the sleeve and the 
surface of the drill collar. The seal rings may be made 
of rubber, plastic, leather or similar materialand are 
retained in grooves in the inner surface of the sleeve 

' above and below the port 20. The ring may have any 
conventional con?guration, such as the ,O or chevron 

jcon?gurations. Af?xed to the outer surface of the sleeve 
‘and carried thereon is an in?atable packer 22 which is 
preferably made of rubber, although various plastics, 
canvas or other fabrics may be used. Steel wire or other 
cord may berincorporated into the packer fabric to lend 
added strength and rigidity. The packer must possess 
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su?‘icient elasticity to form a tight seal against the bore . 
' wall when in?ated, even though the wall surface may be 
somewhat irregular because of caving and washouts. 
The wall of the drill collar 2 contains a port 23 located 

near the upper end of recessed section 6 which together 
with port 20'establishes ?uid communication between the 
interior of packer 22 and conduit 8 when the packer is in 
its uppermost position as more fully shown hereinafter. 
This port is normally closed by a slideable valve 24 which 

‘ is shaped to ?t the curved inner wall of conduit '8. Valve 
' 24 is held in a normally closed position over the port by 
' a helical spring 25 supported by shoulder 26 which pro 
trudes from the inner wall of conduit 8.‘ _'A'rod 27, 

_ shown more clearly in Figure 3, extends from the outer 
surface of valve 24 through a slot 28 in the drill collar 
wall and movement of‘the valve is limited by movement 

Relative movement of sleeve 

24 and ‘the vertical alignment of port 20 in the sleeve 
with port 23 in the drill collar. Port 20 extends radially 
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through the wall of sleeve 19. A port 29 similar to port 
23 is located near the bottom of the recessed section and 
together with port 20 establishes ?uid communication be 
tween the interior of packer 22 and conduit 8 when the 
packer is in its lowermostposition in relation to recess 6, 
as will more fully be shown hereinafter. This port is 
normally closed by a slideable valve 30 positioned within 
the conduit by a spring 31 supported by shoulder 32. Rod 
33 attached to the valve extends through slot 34 and 
movement of the valve is limited thereby. Relative 
movement of sleeve 19 downward against rod '33 results 
in the opening of valve 30 and the alignment of port 20 
in the vertical sleeve with port 29 in the drill collar. 

Drill collar 2 is connected to drill pipe 3 by means 
of box and pin joint 5, which is shown in greater detail 
in Figures 7, through 10. The box, and pin joint consists 
of an internally threaded box incorporated in drill collar 
'2 and an externally threaded pin incorporated in drill 
pipe 3. At the joint the internal conduits of the drill 
collar and drill pipe openinto concentric passages such 
that no alignment of the conduits is necessary when mak 
ing up the joint. Thus in Figure 7, which depicts the 
box of drill collar 2, internal conduits 7, 8 and 9 ?uidly 
connect with concentric ?uid chambers 35, 36 and 37. 
These are shown more clearly in Figure 8. 7 

Referring now to Figure 9, the pin of drill pipe 3 
similarly contains three concentric ?uid chambers 38, 39 
and 40 corresponding to' chambers 35, 36 and 37 in the 
drill collar. 'Chamber 38 ?uidly connects with internal 
conduit 41 in the drill pipe, chamber 39 ?uidly connects 
with conduit 42, and chamber 40 ?uidly connects with 
conduit 43. Conduits 41, 42 and 43 in the drill pipe cor 
respond to conduits 7, 8 and 9 in the drill collar. The 
portion of the pin bounding chambers 39 and'40 essential 
ly forms two concentric tubular walls, 44 and 45. Each 
of these tubular walls has a seal ring 46 set in a groove 
in its outer surface. These seal rings are preferably made 
of rubber but may be made of plastic, leather or other 
common sealing materials and may be of the chevron or 
of any other common type instead of the O-n'ng type 
illustrated. _ g ‘ ,' 

When the boxvof drill collar 2 and the pm of drill 
pipe 3 are made upto form a joint, as shown in Figure 
10 which has been rotated 90° counterclockwise from the 
view as shown in Fig. 9, tubular walls 44 and 45 extend 

’ into‘chambers 36 and 37 and seal rings 46 form a tight 
closure between the tubular walls of the pin and the cham 
ber walls of the, box, preventing the leakage of ?uid 
from one concentric chamberinto another. 'Fluid, then 
will ?ow, for, example, from conduit 43 in drill pipe'3 
through chambers 40 and 37 into conduit 9 of the drill 
collar- 2 without escaping into adjacent chambers or 
conduits. Since the fluid chambersat the joint are sep 
arated concentrically, rather than radially as in the drill 
collar and drill pipe, there is no need for alignment of 

' the conduits in the pipe and collar when the joint is made 
up. Any desired 'pipe dope or sealing compound may 
be applied to the threads of the joint to prevent galling. 
Many commercial compounds are available and well 
known in the‘ art," ' v ' i 

‘The drill pipe 3 used in the invention contains three 
internal conduits’ similar in cross section to those of the 
drill collar 2. As pointed out heretofore, these conduits 
may be arranged as shown in Figure 2 or alternately may 
have one ofthe cross sections shown in Figures 5 and 6. 
Drill pipe tube 2,’ is shown as having channels ‘52, 54, 
and 56. In Fig. 6 drill pipe 2,” is shown as having chan 

' nels 58, 60, and 62. Each length of drill pipe has a pin 
at one end and a' box at the other and joints similar 
to that described between the drill collar‘ and the drill 

' pipe are ‘used between adjacent lengths‘of drill‘pipe. 
- The drill pipe is made in standard lengths. 

75 

In drilling‘ in accordance ‘with'the' present invention, 
’ referring again'to' Figure: 1, av drilling mud‘is‘p'urnped 
downward through the drill pipe 3 and into conduit 8 
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.of drill collar 2. Sleeve 19 is at the bottom of recessed 
section 6, as will be apparent later, and‘bears upon rod 
33 extending through slot 34. The weight of the sleeve 
upon the rod holds valve 30 below port 29 and com 
presses spring 31. Port 20 in the sleeve is thus verti 
cally aligned with port 29 in the drill collar. Valve 
24 is held in position over port 23 by spring 25. The 
down?owing drilling mud reaches the bottom of conduit 
8 and ?ows through port 29 in the drill collar wall and 
through port 20 in the sleeve, in?ating the packer 22 
and expanding it against the borehole wall. The mud 
continues to ?ow in conduit 8, leaving the conduit through 
port 12 above the packer and ?lling the annular space 
between the borehole wall 10 and the drill string above 
the packer. The packer prevents the mud from entering 
the area surrounding the bit. The borehole wall above 
the packer is thus strengthened against caving and sealed 
against the entry of water and gas from the surrounding 
formations. The mud also serves as a lubricant between 
the borehole wall and the drill collar and drill pipe above 
the packer. Although any conventional drilling mud may 
be used with the apparatus, it will be understood that 
many of the special propertiw of drilling muds used in 
conventional rotary drilling operations will be unnecessary 
because the mud is not used in the cutting area surround 
ing the drill bit. A conventional suspension of clay in 
water may be used and the density and viscosity are 
limited primarily by the requirement that the mud be 
easily pumpable through the drill pipe and drill collar 
'oints. 
J Rotation of the drill string from the surface by means 
of conventional rotary drilling equipment is commenced 
and air, gas, or a drilling mud whose density has been 
decreased by the incorporation therewith of air or gas is 
pumped downward through the drill pipe and into drill 
collar conduit 9. This drilling ?uid travels the length 
of the drill collar, passes through opening 4 in the stern 
of rotary bit 1, and is introduced into the cutting area 
surrounding the bit. As the cutters of the bit rotate 
‘against the formation at the bottom of the borehole, 
cuttings are produced and these, are picked up‘ by the 
stream of drilling ?uid introduced at the center of the 
‘bit and carried upward into the annular space below 
the packer. The cutting-laden ?uid then enters drill 
collar conduit 7 through port 11 and is conducted through 
the drill pipe to the earth’s surface. ' ‘ 
As drilling continues and rotary bit 1 cuts into the 

formation, the weight ,of the drill collar 2 and drill 
pipe 3 forces the ‘drill stem to move downward. Sleeve 
19 and packer 20 do not move but instead are held in 
position by the force of the packer against the borehole 
wall, the drill collar sliding through the sleeve. As the 
collar continues to move downward, spring 31 expands 
and forces valve 30 upward until rod 33 contacts the 
upper edge of slot 34, at which point port 29 is covered 
by the valve. This prevents the escape of drilling mud 
into the area below the packer through the port, which 
is no longer covered by sleeve 19. The packer itself is 
sealed off as the collar ,moves through the sleeve and 
therefore remains in?ated. ‘ 
As the drill collar continues ‘to move downward through 

sleeve 19, rod 27 comes into contact with the upper‘ edge 
of the sleeve 19., The downward movement of valve 24 
is ‘thus halted and spring 25 is compressed as the‘ drill 
collar continues to move down. When rod 27 is in its 
uppermost position in slot 28, port 23 is open and ?uidly 
communicates with the interior of the packer through 
ports 20 in the sleeve. At this point the apparatus has 
drilled down the length of a section of drill pipe and 
the pumps on the surface are stopped to permit the addi 

‘tion ‘of another section of pipe to the upper end of the 
' drill string. The multiple conduit drill pipe used in ac 
‘cordance with the invention is made in standard pipe 
lengths to permit its use with conventional derricks, 
racks and the like. Pressure on the inside of the packer 

. is released by stopping the pumps and the packer de?ates, 
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the sleeve and packer dropping to the bot-tom of the re 
cessed section of the drill collar in the position shown 
in Figure 1. The weight of the sleeve 19‘ and packer 22 
overcomes the friction of seals 21. Valve 24 is closed 
by spring 25 and valve 30 is opened by the weight of 
the sleeve and packer on rod 33. At the same time 
drilling mud from the annular space above the packer 
drops down into the bottom of the borehole around the 
bit, increasing the pressure in this area. The differential 
pressure thus exerted on valve 14 forces the valve upward 
against the valve seat 13, closing conduit 9 and pre 
venting the entry of drilling mud into the conduit. Sleeve 
valve 17, interconnected with valve‘14, is also closed, 
preventing mud from entering conduit 7. 
The mud pumps are started again when a new section 

of drill pipe has been added to the drill string and mud 
pressure is again built up in conduit 8. As shown in 
Figure 1, when the sleeve is in its lowermost position 
against rod 33 in slot 34, valve 30 is held in a downward 
position against the force of spring 31 and thus port 29 
again communicates with the interior of the packer 
through port 20 in the sleeve. The packer is rein?ated 
with drilling mud, ‘again sealing off the bottom of the 
borehole. The air, gas or gas-containing drilling ?uid 
is then pumped downward through conduit 9, building 
up pressure and opening valves 14 and 17. The drilling 
mud in the annular space below the in?ated packer is 
carried upward by the drilling ?uid through port 11 into 
conduit 7, through which it is conducted into the drill 
pipe and thence to the surface. Rotation of the drill 
string is started again and drilling continues. ‘ 
From the foregoing it can be seen that the apparatus 

of the present invention permits drilling under a substan~ 
tially decreased hydrostatic head while a conventional 
high density drilling mud is maintained in the borehole in 
order to prevent caving of the walls and entry of forma 
tion ?uids. Substantially improved drilling rates can 
thus‘ be obtained in locations where conventional air or 
gas drilling in unfeasible. The use of an in?atable packer 
which can be de?ated and lowered in the borehole as the 
drill string advances permits effective separation of the 
drilling mud and the lighter drilling ?uid and prevents 
undue wear and abrasion of the packer‘ surface. Air, 
nitrogen, methane, carbon dioxide and similar gases may 
be used as the drilling fluid or may be incorporated into 
a drilling mud to signi?cantly lower its density and thu 
reduce the hydrostatic head on the drill bit. ‘ 

It Will be obvious to those skilled in the art that numer 
ous modi?cations may be made in the apparatus described 
without departing from the spirit of the present invention 
and it is intended that the invention be limited only by the 
scope of the following claims. 
The invention having thus been described and illus 

trated, what is claimed is: 
1. Apparatus for drilling boreholes in the earth com 

prising in combination a string of multiple conduit drill 
pipe; a drill collar connected to said drill pipe having an 
intermediate section de?ned by upper and lower limits and 
of a character to carry a borehole packer, said drill collar 
containing multiple internal conduits respectively com 
municating with the conduits in said drill pipe, a ?rst of 
said conduits in said drill collar extending through said 
drill collar, a second of said conduits in said drill collar 
having an external port below said intermediate section, 
a third of said conduits in said drill collar having an 
external port above said intermediate section and upper 
and lower external port within said intermediate section; 
an in?atable borehole packer vertically slideable within 
the limits‘ of said intermediate section and rotatable with 
respect to said drill collar, said packer having an in?ating 
port on the inner wall thereof; “lower valve means ,in‘said 
third conduit; upwardly biasing means for holding said 
lower valve means in a closed position over said lower 
port within said intermediate section; means connected to 
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‘said lower valve means responsive to downward pressure 
‘of said borehole packer thereon whereby said lower port 
is open when said borehole packer is in its lowermost 
position within said intermediate section and ?uid com 
munication is established between said third conduit and 
the interior of said packer; upper valve means in said 
third conduit; downwardly biasing means for holding said 
upper valve means in a closed position over said upper 
port within said intermediate section; means connected 
to said upper valve means responsive to upward pressure 
of said borehole packer thereon whereby said upper port 
is open when said borehole packer is in its uppermost 
position within said intermediate section and ?uid com 
.munication is established between said third conduit and 
the interior of said packer; and a drill bit connected to 
said drill collar containing a central passage therethrough 
?uidly communicating with said ?rst conduit in said drill 
collar. ' 

2. Apparatus for drilling boreholes in the earth com 
prising in combination a string of multiple conduit drill 
pipe; a drill collar connected to said drill pipe having an 
intermediate section of decreased outer diameter and 
containing internal conduits respectively communicating 
with the conduits of said drill pipe, a ?rst of said conduits 
in said drill collar extending through said drill collar and 
having an outlet at the bottom thereof, a second ofsaid 
conduits in said drill collar extending to a port in the side 
of said drill collar below said intermediate section, a 
third of said conduits in said drill collar extending to a 
lower port in the side of said drill collar within said in 
termediate section and communicating with an upper port 
in the side of said drill collar within said intermediate 
section and with a port in the side of said drill collar above 
said intermediate section; an in?atable borehole packer 
vertically slideable within said intermediate section and 
rotatable with respect to said drill collar, said packer 
having an opertured annular sleeve; valve means in said 
drill collar for opening said ?rst and second conduits 
responsive to the application of pressure in said ?rst con 
.duit of a greater magnitude than the pressure in the bore 
hole; \lower valve means in said third conduit normally 
biased to close said lower port in said intermediate section; 
a rod member connected to said lower valve means and 
responsive to downward pressure from said packer so that 
.said lower port in said intermediate section is open and 
?uid communication is established between said third 
conduit and the interior of said packer when packer is in 
its lowermost position in said intermediate section and 
said lower port is closed when said packer is moved up 
wardly in said intermediate section; upper valve means 
in said third conduit normally biased to close said upper 
port in said intermediate section; a rod member connected 

, to said upper valve means and responsive to upward pres 
sure from said packer so that said upper port in said 
‘intermediate section is open and ?uid communication is 
established between said third conduit and the interior of 
said packer when said packer is in its uppermost position 
in said intermediate section and said upper port is closed 
when said packer is moved downwardly in said inter 
,mediate section; and a drill bit connected to said drill col 
lar having a central passage therethrough ?uidly com 
municating with said ?rst conduit. 

3. Apparatus as de?ned by claim 2 wherein said drill 
,pipe and drill collar are connected by box and pin joints 
.in which individual conduits of said pipe separately com 

' municate with individual conduits of said collar through 
concentric passages. 

4. Apparatus as de?ned by claim 2 wherein the length 
of said intermediate section of said drill collar is the same 
as the length of a section of drill pipe. 
j 5. Apparatus for drilling boreholes in the earth com— 
prising, in combination a string of multiple conduit drill 
v_pipe;ra drill collar ‘connected to said pipe having an in 
termediate ‘section of reduced outer diameter upon which 
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8 
a borehole packer may be mounted and having multiple 
internal conduits respectively communicating with the 
conduits of said drill pipe, a ?rst of said conduits in said 
drill collar extending through said drill collar, a second 
of said conduits insaid drill collar extending to and coni 
municating withaport in the side of said drill collar 
below’ said intermediate section, a third of said conduits 
extending to and communicating with a lower port in 
the side of said drill collar within said intermediate sec 
tion and communicating with an upper port in the side of 
said dril-l collar within said'intermediate section and with 
1a port in the side of said drill collar above said interme 
diate section; an in?atable borehole packer vertically 
slideable within said intermediate. section and rotatable 
with respect to said drill collar, said packer comprising a 
sleeve containing a plurality of ports extending there 
through and a packer fabric mounted on the exterior of 

. said sleeve and in?atable through said ports in said sleeve; 
valve means for opening said ?rst conduit and said port 
in said collar communicating with said second conduit 
in response to the application of pressure in said ?rst 
conduit; a lower’ slidable valve in said third conduit 
normally biased to close said lower port in said inter 
mediate section; a rod member connected to said lower 
valve and extending externally of said intermediate sec 
tion, said rod member being responsive to downward 
pressure from said packer sleeve to open said lower 
valve and establish communication between said third 
conduit and said packer through said ports in said packer 
sleeve when said packer is in its lowermost position in 
said intermediate section and to permit said lower valve 
to close when said packer moves upwardly within said 
intermediate section; an upper slidable valve in said third 
conduit normally biased to close said upper port in said 
intermediate section; a rod member connected to said 
upper valve and extending externally of said intermediate 
section, said rod member being-responsive'to upward 
pressure ‘from said packer sleeve to open said upper valve 
and establish communication between said third conduit 
and said packer through said ports in said packer sleeve 
when said packer is in its uppermost position in said 
intermediate section ‘and to permit said upper valve to 
close when said packer moves downwardlywithin said 
intermediate section; and a drill bit connected to said 
drill collar having an axial passage therethrough ?uidly 
communicating with said ?rst conduit in said drill collar. 

6. A method for drilling a borehole in the earth utiliz 
ing a gaseous drilling ?uid while maintaining a high 
density ?uid in the borehole annulus which comprises 
closing the annular space between a drill string and the 
wall of said borehole at a point near the lower end of said 
drill string; injecting said drilling ?uid to the bottom of 
said borehole under su?icient pressure to return said drill 
ing ?uid upwardly to the surface; and injecting in the 
borehole annulus said high density ?uid at a point adja 
cent to and above the point at which said annular space 
between said drill string and the wall of said borehole is 
closed. a 

7. A method as de?ned by claim 6 wherein said drilling 
?uid is air. ' 

8. A method as de?ned by claim 6 wherein said high 
density ?uid is drilling mud. 

9. The improvement de?ned by claim 6 wherein said 
upper zone is moved downwardly at intervals as said bore 
hole is advanced; ' - 
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