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ABSTRACT OF THE DISCLOSURE 

This invention concerns the lowering of a large diameter 
easing into a water containing borehole drilled into the 
earth. In casing having diameters of 48 inches or larger, 
the weight of the casing is many time-s that of the smaller 
casings so it is desired to “?oat” the larger casing. How 
ever, the walls have lower collapse pressure than smaller 
casing for the same wall thickness. Means are provided 
to construct chambers within the casing and to maintain 
sufficient pressure therein to prevent collapse of the casing 
as it is lowered through a 'hole of water. As the casing is 
lowered into the hole, ?uid in the compartment is main 
tained at a pressure at least as great as the difference be 
tween the rupture pressure of the casing and the pressure 
of ?uid in the borehole exterior of the casing. Two lines 
run from the compartment to the surface so that the 
pressure and the type ?uid therein can be controlled. 

This invention concerns the running or lowering of a 
casing into a borehole drilled into the earth. It especially 
relates to apparatus for running large diameter casing into 
such borehole so that the lifting rig used in lowering the 
casing does not have to support the full weight of the 
string of casing. 
My invention especially relates to a system wherein the 

interior of the casing is sealed into one or more ?uid-tight 
compartments. Each compartment is ?lled with a ?uid 
having a lesser density than that of the liquid in the bore 
hole so as to impart buoyancy to the casing. This reduces 
the weight on the lifting rig. This aids one problem, but 
there remains the matter of preventing collapse of the 
casing. Therefore, means are provided so that pressure 
can be maintained in each compartment at least as great 
as the difference between the rupture pressure of the walls 
of the casing and the external pressure of the ?uid in the 
well bore at the level of the compartment. This is to 
prevent collapse of the casing. 

In the drilling of boreholes in the earth such as for the 
production of oil and gas, it is normal practice to run a 
string of casing into the borehole so as to line the bore 
hole. This primarily is to prevent caving of the borehole 
walls, and to prevent ?uid in formations other than the 
productive formation from entering a string of casing, and 
to form a vertical passage through which to produce the 
desired ?uid. Normally this casing, in the production of 
oil and gas, is not over about 8 or 10 inches in diameter. 
For this size casing, the walls can be made relatively thick 
to withstand very high pressures, yet the weight can be 
carried by derricks. Recently, however, there have been 
an increasing number of large diameter holes drilled. By 
large, it is meant, for example, 48 inches and up. 
The problems and environment encountered can be con 

siderably different from those encountered in the drilling 
of the more conventional holes in oil and gas production. 
For example, the size of the casing in large diameter holes 
makes for a weight many times that of the smaller casing, 
the walls have lower collapse pressure than smaller casing 
for the same wall thickness largely because of hoop stress 
in the larger diameter casing. Frequently the large diam 
eter wells are drilled through formations which are nearly 
free of ?uid. One place where large diameter holes have 
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been drilled is at Mercury, Nevada, where the holes were 
drilled by the Atomic Energy Commission for various 
test sites. A major problem at such test sites is how to run 
large diameter casing of 48 inches in diameter, for ex 
ample, to depths of over 4,000 feet. The use of hydraulic 
jacks large enough to handle the great weight of 4,000 feet 
of 48~inch casing is impractical. It is also impractical in 
some cases to seal off the lower end of the casing and 
“?oat” the string in for several reasons. For example, the 
48-inch casing, if not over 2 inches in thickness, has a 
relatively low collapse strength of less than 2,000 p.s.i., 
for example. If there is 4,000 feet head of water in the 
hole, it is seen that the casing will probably collapse. If 
the thickness of the wall is increased to increase the 
collapse strength, then the weight of the already exceed 
ingly heavy casing is again increased, requiring extra large 
jacks or lifting means at the surface. As mentioned, I 
propose to reduce this problem by a novel way of ?oating 
in the heavy casing string. From the above brief discus 
sion of the problem, it is seen that there is certainly an 
immediate need for a solution. 

Brie?y, in a preferred embodiment, my invention in 
cludes the forming of one or more ?uid-tight compart 
ments, preferably in the lower end of the casing. Then 
as the casing is lowered into the hole, fluid in the com 
partment is maintained at a pressure at least as great as 
the difference between the rupture pressure of the casing 
and the pressure of ?uid in the borehole exterior of the 
casing. One system of obtaining this is by running one 
or more conduits from each compartment to the surface. 
Air is injected through one of the conduits into the com 
partment at a pressure which will prevent collapse. The 
air, being of lighter density than the water in the sur 
rounding borehole, will add buoyancy to the casing. If a 
negative buoyancy is neede, i.e., if the buoyancy should be 
reduced to permit the casing to sink, water is injected 
through the same, or a second conduit, into the compart 
ment to effect such change in buoyancy. The proper pres— 
sure is maintained in each of the compartments, if a 
plurality of compartments is used, as additional compart 
ments are submerged in the water in the borehole. When 

. the casing has been run to its total depth, the ?uid is re 
moved from the compartments and the partitions removed 
as by drilling, for example. 

In a modi?cation of the preferred embodiment, an 
upper compartment and a lower compartment are formed 
in the lower end of a string of casing by the use of ?rst 
packer means and second packer means. Pressure means 
are provided to maintain ?uid pressure within the com 
partments at a pres-sure at least as great as the difference 
between the rupture pressure of the casing and the pres 
sure of ?uid in the well bore exterior the string of easing. 
These pressure means include inner and outer concentric 
conduits suspended within the string of casing. The inner 
conduit extends to within the lower compartment, and the 
annulus between the concentric conduits terminates in 
?uid communication with the upper compartment. Relief 
valve means are provided between the lower and the upper 
compartments. 

Various objects and a better understanding of the in 
vention can be had from the following description taken 
in conjunction with the drawings in which: 
FIGURE 1 illustrates one embodiment of the invention 

in which a casing is divided into a plurality of compart 
ments and in which dual macaroni stringers are run from 
each compartment to the surface; and 
FIGURE 2 illustrates another embodiment of the in 

vention using a different arrangement of conduits from 
the compartments to the surface. . 

Reference is ?rst made to FIGURE 1 which illustrates 
a borehole 10 having a string of casing 12 suspended 
therein. The lower end of the string of casing is enclosed 
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by a drillable shoe 14. By drillable, it is meant that the 
material can be readily removed by the use of ordinary 
drilling equipment, and such material includes aluminum, 
cement, cast iron, magnesium and/ or plastic, for example. 
A lower packer 16 and an upper packer 24 make lower 

and upper compartments 18 and 26. The interior of com 
partment 18 is connected to the surface by a ?rst conduit 
20 and, if desired, a second conduit 22. Conduit 20 is 
connected to an air compressor 34 and through valve 40 
to the atmosphere. Conduit 22 connects compartment 18 
to a Water pump 36 and through valve 38 to the atmo 
sphere or storage. 
Compartment 26 is similarly connected through con 

duits 28 and 30 to the surface. Suitable water pumps and 
air compressors can also be connected to these conduits. 
Although only two compartments 18 and 26 are shown, 
it is to be understood that any desirable number can be 
made. 

Frequently the hole 10 will be essentially free of liquid. 
Then, in order to ?oat the casing in, one must inject Water 
32 into the borehole. The amount of water injected need 
not be enough to ?ll the borehole, but must be high 
enough to add the proper buoyancy effect to the string of 
casing. 
When it is desired to run casing 12, packers 16 and 24 

are set in the casing as it is made up and the conduits 20 
and 22, 28 and 30 extend through the packers as neces 
sary to the surface. Conduits 20 and 22 may contain re 
trievable valves 21 located near packers 16, and conduits 
28 and 30 may contain such valves adjacent packer 24. A 
suitable valve can be an Otis wireline remote-controlled, 
subsurface, safety valve such as advertised on page 3841 
of the Composite Catalogue of Oil Field Equipment and 
Services for 1966-1967, and published by World Oil, 
PO. Box 2608, Houston, Tex. As will be seen, these valves 
21 aid in maintaining pressure in compartment 18- when 
adding joints of conduits and casing as the assembly is 
lowered. 
As the casing 12 is lowered into the borehole and the 

lower end enters the water 32, buoyancy is quickly added 
to the casing as the compartment 18 contains air. The air 
is obtained from air compressor 34 and injected through 
conduit 20 to maintain the pressure within compartment 
18 at the required level. A pressure gauge 41 is provided 
at the surface on air conduit 20 when in the hole in an 
assembled position as illustrated. Of course, the pressure 
of the air within compartment 18 will be low enough so 
that it will not rupture the casing outwardly and high 
enough to prevent collapse at various hydrostatic water 
levels outside. The distance between packer 16 and shoe 
14 is kept suf?ciently small so that the difference in head 
at the level of the packer and at the level of the shoe 14 
will not be greater than the rupture pressure of the casing. 
This is because the pressure of the gas within compart 
ment 18 is substantially the same at the top and bottom 
and ‘I am merely controlling the differential pressure be 
tween the interior compartment 18 and the exterior of 
the casing, both at the level of packer 16 and shoe 14, so 
that the differential pressure will be within the safety 
limits. 
As mentioned, the remote-controlled valves 21 aids in 

making up the various strings of conduits. For example, 
compartment 18 can be pressured as desired, then by clos 
ing valves 21, the conduit 22 or 20 can be “broken” or 
parted and additional joints of conduit added as the 
assembly is lowered into the Well bore; yet the pressure 
of the air in compartment 18 maintained. 
Depending upon the thickness of the wall and the 

density of the wall material, it may occasionally be that 
one will have to reduce the buoyant effect of the compart 
ments 18 and 26. This can be accomplished by opening 
valves 21 in conduits 20 and 22 and then pumping water 
down conduit 22 and exhausting air through conduit 20 
through valve 40 to the atmosphere so that the proper 
buoyancy is obtained. Alternatively, as will be seen in 
FIGURE 2, the air can be evacuated to compartment 26 
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by use of a relief valvesThe desired buoyancy can be de 
termined fairly easily by knowing the density of the ?uid 
32, the density and thickness of the walls of casing 12 and 
the strength of the lifting jacks for raising and lowering 
the casing 12 and the density of liquid 32 and its level. 
If too great a buoyancy is obtained, casing 12 ?oats and 
does not sink to the bottom of the hole 10 as desired. 
However, by injecting the proper amount of water into 
compartments 18 and 26, the desired buoyant eifect is 
readily obtained from the casing 12 so that it can be 
lowered to the bottom of the well bore. The proper 
amount of water injected into the compartments can be 
determined by merely observing the weight of the casing 
on the supporting derrick and adding or removing water 
from such compartments to maintain the desired weight. 

' One of the conduits such as 22 can extend to the lower 
end of compartment 18 to facilitate removal of water by 
injecting air through conduit 22. 

If desired, a relief valve 44 can be placed in the bottom 
14. The relief valve can be set at the maximum desired 
differential pressure. Then when the pressure of the ?uid 
in the borehole exceeds the pressure in chamber 18 by a 
given amount, valve 44 opens, permitting water or other 
?uid in the well bore to enter chamber 18. If rather close 
control of the buoyancy is desired, one can omit relief 
valve 44. 

In normal operation, casing 12 is lowered to and against 
the bottom of borehole 10 which then supports the excess 
weight over that for which the lifting equipment at the 
surface is designed to lift. At this point in the operation, 
the casing then normally contains water so that there is 
no differential pressure between the interior and exterior 
of the casing. Conduits 20, 22, 28 and 30 can then be 
removed. If the hole is not full of water, water is normally 
added only to a height in the casing so that the water level 
in the interior of the casing is the same as that in the 
‘annulus. The casing is then cemented such as by using 
several tubing strings supported on the outside of the big 
casing 12, such as indicated at 13. Such cement tubing 
strings can be fastened to the casing 12 by means 13A. 
Another way of cementing large diameter casing is shown 
in United States Patent 3,202,213, issued Aug. 24, 1965, 
in the name of George C. Howard. 

After cement is set in the annulus between casing 12 
and the borehole wall, the pressure inside the casing 12 
can be relieved. The cement either increases the collapse 
strength or removes the cause of collapse after the casing 
is in place. After the cement is set, the pressure in com 
partments 18 and 26 can be reduced by removing the 
water, if desired. These packers can be removed if they 
are the retrievable type, or if they are the drillable type, 
they can be drilled through. After the packers 16 and 24‘, 
conduits 20, 22, 28 and 30, and the water, if any, in casing 
12, are removed, casing 12 is free of obstructions and 
equipment and personnel can be raised and lowered 
through the casing in a conventional and normal manner, 
or drilling can be resumed to the next casing point. 

Casing 12 can serve several possible uses. It can be a 
liner for a mine‘shaft type operation, to case off a trouble 
zone for deeper drill, or to hold the cement placed behind 
all large casing strings from top to bottom. 
The areas for big hole drilling can vary such that in 

some areas the borehole may be dry to total depth, or 
have an intermediate fluid level which rises to about 2,500 
feet below the surface, as in certain areas of Nevada, or 
to a hole completely full of water, such as in most areas 
in Mississippi. The system of using the buoyancy for re 
ducing the weight of the casing string will work in a hole 
having ?uid naturally occurring therein, or in a hole not 
having ?uid but one which can be loaded with liquid, such 
as water. For example, if hole 10 is dry but has walls 
capable of holding water, water 32 is added to the desired 
level. The desired level is that necessary to obtain the 
required buoyancy for the system. The use of this inven 
tion for preventing collapse of the casing as described 
herein can be used, for example, for any of the following: 
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(a) for thin wall casing in a dry hole where water is ?rst 
added and then later removed, (b) for use with a thin 
wall casing string to which some material is-added later— 
for example, the addition of cement to the annulus be 
tween the casing string and the borehole wall that will 
increase the collapse as noted above or remove the cause 
of collapse after the casing is in place, and (c) for an in 
creased safety factor while running large diameter casing, 
even though such safety factor may not be required after 
reaching total depth where the casing is cemented in place. 
vIt is to be noted that there can be pressure surges in well 
bore ?uid when a casing is run therein. 

Attention is next directed to FIGURE 2 which illus 
trates concentric tubings 46 and 48; both of which are 
run through upper packing 50. The inner tubing 48 is run 
through packer 52 which is set beneath packer 50. Packers 
50 and 52 are set in casing 10 and together form therewith 
a lower chamber 54 and an upper chamber 56. The 
running of concentric tubing through casing is a well 
known oil ?eld practice. In FIGURE 2, then, an inde 
pendent communication is obtained between the surface 
and each compartment. If it were desired to add water 
to compartment 54 in FIGURE 2, and relieve the air 
pressure, this can be accomplished by the use of a relief 
valve 58 which relieves the pressure from compartment 
54 into compartment 56 as water is injected through con 
duit 48 into lower compartment 54. For purposes of illus 
tration, it will be assumed that compartment 54 has been 
pressured with air to the desired pressure. However, it 
may be desired to decrease the buoyancy of the system. 
This is conveniently done by adding water through inner 
conduit or tubing 48. If water were added to compart 
ment 54 and no air removed, the pressure therein might 
become excessive. This can be controlled by use of relief 
valve 58 in upper packer 50 and which is set at a selected 
pressure to prevent such over-pressurizing. Then as water 
enters compartment 54 and a given pressure is reached, 
such pressure is relieved through relief valve 58. Upper 
packer 50 can also conveniently contain a relief valve 60 
which serves essentially the same function as relief valve 
58. 

In running or lowering the device of FIGURE 2 into 
a borehole, packer 52 with conduit 48 is ?rst set, forming 
compartment 54. Casing 10 and extensions of conduit 48 
are then run to a depth where it is necessary to pressurize 
compartment 54. This is done by injecting air under pres 
sure through conduit 48. A remotely operated valve 49 
can be provided in conduit 48. Then when additional 
strings of tubing 48 are added at the surface, as casing 10 
is lowered, the pressure in compartment 54 will not bleed 
off; ‘however, the valve can be opened to permit air to be 
added or removed. The annulus 51 between inner tubing 
string 48 and outer string 46 is in communication with 
compartment 56. It is through annulus 51 that compart_ 
ment 56 has ?uid communication with the surface. The 
use of concentric tubing as illustrated in FIGURE 2 
facilitates the running of such tubing during drilling op 
erations, and is normally preferred as it is easier to install 
than the system shown in FIGURE 1 which, for example, 
uses the common dual completion techniques in running 
the dual strings of tubing. It is contemplated that it will 
not always be necessary to have compartment 54 in ?uid 
communication with the surface. For example, if only 
one pressure is needed in compartment 54 for existing 
conditions, it can be pressurized at the surface and sealed 
until such time as it is desired to lower the pressure. 

While there are disclosed above the limited number of 
speci?c embodiments of this invention, various modi?ca 
tions can be made thereto without departing from the 
spirit or scope of my invention. 
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I claim: 
1. An apparatus for use in lining a borehole which 

comprises: I 

a string of casing in which at least one ?uid-tight com 
partment has been formed in the lower end portion 
thereof, the wall of said lower end portion forming 
a part of said ?uid-tight compartment; 

pressure means to maintain ?uid pressure within said 
compartment at a pressure at least as great as the 
difference of the rupture pressure of said casing and 
the pressure of ?uid in said borehole exterior of said 
string of easing; 

said pressure means including a ?rst ?uid conduit and 
a second ?uid conduit extending from the interior 
of said ?rst compartment through the wall thereof 
and to the surface above said well bore. 

2. An apparatus as de?ned in claim 1 including a sec 
ond compartment above and adjacent said ?rst compart 
ment and a third and a fourth conduit extending from the 
interior of said second compartment through the wall 
thereof to the surface. 

3. An apparatus for use in lining a borehole which 
comprises: 

a string of casing closed at the lower end; 
a ?rst packer means and a second packer means set in 

the interior of said casing to form an upper com 
partment and a lower compartment in the lower 
end of said string of casing, a circumferential por 
tion of the wall of said casing forming a part of the 
wall of said compartments; 

pressure means to maintain ?uid pressure within said 
compartments at a pressure at least as great as the 
difference of the rupture pressure of said casing and 
the pressure of ?uid in said borehole exterior of said 
string of casing, said pressure means including inner 
and outer concentric conduits suspended within 
said string of casing, said inner conduit extending to 
within said lower compartment and the annulus be 
tween such concentric conduits terminating in ?uid 
communication with said upper compartment and 
relief valve means between said lower and said upper 
compartments. ' 

4. An apparatus as de?ned in claim 3 including a relief 
valve in the wall of said lower compartment such that 
when the pressure in the ?uid exterior of said compart 
ment is a selected value greater than the pressure within 
said lower compartment, said relief valve opens permit 
ting the ?uid to enter said lower compartment. 
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