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ABSTRACT OF THE DISCLOSURE 

Well completion apparatus for highly deviated wells. 
Cement slurry is placed in the bore hole before the cas 
ing string is run. The cement is a delayed setting type 
cement. The casing contains ?uid having a substantially 
lower density than that of the slurry. The ?uid in the cas 
ing provides a buoyancy e?Fect on the casing for ?oating 
the casing through the deviated zone. In a modi?ed form 
of the invention, a buoyancy chamber is provided ad 
jacent the lower end of the string in which the buoyancy 
?uid is contained. Centralizers are provided on the ex 
terior of the casing and are spaced longitudinally from 
each other. The centralizers along the buoyancy chamber 
are spaced apart at greater intervals than the centralizers 
above the buoyancy chamber. An improved casing-cement 
bond is achieved due to a pressure differential between the 
exterior and the interior of the casing when the casing is 
run in the cement slurry. The hydrostatic pressure of the 
slurry urges the casing radially inward, but after the 
cement hardens, the pressure in the casing increases, 
thereby urging the casing outwardly against the hardened 
cement. 

CROSS REFERENCE TO RELATED APPLICATION 

This is a division of my application Ser. No. 675,808 
entitled “Method and Apparatus for Flotation Completion 
for Highly Deviated Wells,” ?led Oct. 17, 1967. 

BACKGROUND OF THE INVENTION 

This invention relates to well operations, and more 
particularly, to completing highly deviated wells. 

Techniques have‘ been developed for directional drilling 
of bore holes to reach a subterranean location that is 
o?set from a vertical axis that extends downwardly from 
the drill rig. By using de?ection tools, a bore hole may 
be deviated to a considerable extent. 

In a highly deviated open bore hole, it is often dif?cult 
to lower the casing string through the deviated Zone with 
out caving in the wall of the bore hole, or the casing pipe 
becoming stuck against the ‘wall of the bore hole. In at 
tempting to pump cement slurry out through the lower 
end of the casing string and then up through the annulus 
which is ?lled with mud as in conventional practice, the 
Weight of the slurry in the casing causes the casing pipe 
to be de?ected toward the lower side of the bore hole in 
the highly deviated zone. These conditions may cause 
lost circulation and non-uniform distribution of cement 
slurry around the casing. 

In view of the problems associated with well comple 
tions in highly deviated bore holes, it is an object 
of this invention to provide an improved apparatus for 
running casing pipe in highly deviated bore holes and for 
completing highly deviated wells. 

It is a further object of this invention to provide ap 
paratus for improving the bond between the casing pipe 
and the cement in highly deviated wells. 
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It is a still further object of this invention to provide 

apparatus for maintaining a casing string at approxi 
mately the center of the ‘bore hole throughout the entire 
length of a highly deviated bore hole. 

SUMMARY OF THE INVENTION 

These objects are accomplished in accordance with a 
preferred embodiment of the invention by pumping ce 
ment slurry into a highly deviated open bore hole. The 
cement slurry is preferably of the delayed setting type. 
The casing string is then made up with a ?oat shoe on 
the bottom of the string and the string is ?lled with a 
?uid that has a substantially lower density than that of 
the cement slurry in the bore hole. The casing string is 
run in the bore hole which has been at least partially ?lled 
With the delayed setting cement slurry. Preferably, the 
centralizers are provided throughout the length of the 
casing string. The buoyancy effect of the lower density 
?uid in the string causes the casing pipe to be buoyed up 
as it passes through the deviated interval of the bore hole, 
thus avoiding extreme centralizer de?ection, diiferential 
sticking, or other problems encountered with conven 
tional techniques. When the lower end of the casing string 
is spaced a predetermined distance above the bottom of 
the hole, further movement of the casing is stopped and 
su?icient time is allowed for the slurry to harden. 

Since the cement slurry has been placed in the bore hole 
before the casing is run the ?uid pressure in the casing 
adjacent the producing formation may be substantially 
less than the hydrostatic pressure of the cement slurry on 
the outside of the casing at the depth of the producing 
formation. This pressure differential urges the casing 
radially inward. The cement then hardens. The ?uid pres 
sure in the casing subsequently increases, for example, 
during subsequent completion operations carried out in 
the casing string. When the ?uid pressure in the casing 
increases, the casing is urged to expand circumferentially, 
thereby improving the cement-casing bond. 

In a modi?ed form of the invention, a retrievable bridge 
plug is positioned in the string above the ?oat shoe when 
the slurry is being made up. The packer rings of the bridge 
plug are expanded against the interior of the casing pipe 
before the casing is run in the bore hole. The bridge plug 
is preferably provided with a bypass or equalizing valve 
which allows ?uid communication to be established within 
the casing string above and below the bridge plug before 
the expandable packer rings on the bridge plug are re 
tracted. The interior of the casing string between the 
bridge plug and the ?oat shoe forms a buoyancy chamber 
that is ?lled with air or other suitable ?uid having a con 
siderably lower density than that of the cement slurry in 
the bore hole. The length of easing between the bridge 
plug and the ?oat collar is preferably greater than the 
distance from the bottom of the bore hole to the top of 
the producing formation. Centralizers are provided on 
the casing string at greater intervals over the portion of 
the casing string between the bridge plug and the ?oat 
collar than they are in the portion of the casing string 
above the bridge plug. The casing string is run in the bore 
hole which has been at least partially ?lled with the 
delayed setting cement slurry. The interior of the casing 
string above the bridge plug is ?lled with ?uid. The buoy~ 
ancy chamber causes the casing pipe to ?oat as it passes 
through the deviated zone, thus avoiding extreme cen 
tralizer and casing de?ection. ‘When the lower end of the 
casing string is spaced a predetermined distance above 
the bottom of the hole, further movement of the casing is 
stopped and sufficient time elapses to allow the slurry to 
harden. 
When the cement in the annulus has hardened, a tubing 

string with an overshot on the lower end is lowered 
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through the casing to engage the retrievable bridge plug 
and to open the bypass valve. The air or other ?uid that 
is trapped in the buoyancy chamber below the bridge plug 
then escapes through the bypass valve and the ?uid above 
the bridge plug flows into the space occupied by the buoy 
ancy ?uid. When the pressure above and below the bridge 
plug is approximately equalized, the bridge plug is re 
leased and pushed down through the casing to a position 
between the ?oat shoe and the lowermost producing for 
mation. The bridge plug packer rings are again expanded 
and the overshot is disconnected from the bridge plug. 
The lower end of the tubing string is then raised a few 
feet above the lowermost producing formation, and a 
perforating gun is run through the tubing string until it 
is positioned at the depth of the producing formation. 
After the casing has been perforated, the tubing string may 
be again lowered to engage the retrievable bridge plug to 
collapse the packers and raise the bridge plug to a posi 
tion above the perforated zone, but below the next higher 
producing zone. The perforating operation may then be 
repeated at this zone and in the same manner perforations 
may be made successively in the higher zone of the pro 
ducing formations. 

DESCRIPTION OF THE DRAWINGS 

This preferred embodiment of the invention is illus 
trated in the accompanying drawings in which: 
FIG. 1 is a schematic view of a highly deviated bore 

hole in the process of being drilled; 
FIG. 2 is a schematic view of the bore hole as in FIG. 1, 

but showing the casing string being lowered in the bore 
hole which is partially ?lled with cement slurry; 

FIG. 3 is a schematic view as in FIG. 1, but showing the 
bore hole after the cement has hardened and prior to 
perforating; 

FIG. 4 is a schematic view of the bore hole as in FIG. 1 
after perforating the casing; 

FIG. 5 is a side elevational view of a centralizer on 
the exterior of the casing string; 

FIG. 6 is an enlarged schematic view of the lower por 
tion of the bore hole, showing the casing string positioned 
at the bottom of the hole, while the cement slurry is 
hardening. 

FIG. 7 is an enlarged schematic view of the lower por 
tion of the bore hole as in FIG. 3; and 
FIG. 8 is an enlarged schematic view of the lower por 

tion of the bore hole as in FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a conventional vderrick 2 is shown 
schematically as representative of a rotary drilling rig 
and associated apparatus. As in conventional practice, a 
surface casing 4 is cemented at the top‘ of the bore hole 6. 
A rotary drill bit 8 is mounted at the lower end of a string 
of drill pipe 10. The drill string 10‘ may include a knuckle 
joint, or other directional drilling tool to cause a portion 
of the hole to be inclined at an angle to the vertical axis 
of the top portion of the bore hole 6. A highly deviated 
well may be inclined at an angle of as much as 60° from 
the vertical, or more. The bore hole 6 illustrated in FIG. 1 
has a typical de?ection pattern for directional wells. There 
is an initial de?ection zone 12 and a ?nal de?ection zone 
14. In some directional wells, the ?nal de?ection zone may 
return the lower portion of the bore hole to a vertical, or 
approximately vertical orientation. 

After the bore hole 6 has been drilled to total depth, the 
drill string 10‘ is raised to the surface and the drill bit 8 
is removed from the string. The drill string 10 is then run 
in the bore hole 6 again. Of course, a tubing string could 
be substituted for the drill string, if desired. The lower end 
of the drill string 10' is open and cement slurry is pumped 
down the drill string 10 where it ?ows out of the bottom. 
of the string and upwardly through the annulus between 
the exterior of the drill pipe and the wall of the bore hole. 
Usually the drill pipe has a smaller diameter than the 

C21 

10 

15 

20 

45 

50 

55 

60 

70 

-r Cl 

4 
casing and by placing the cement slurry through the drill 
pipe, frictional pressure of the circulating ?uids in the 
annulus is minimized. Also, placement of the slurry 
through the drill pipe helps control the rate at which the 
heavier slurry displaces the mud hydrostatically. 
The delayed setting cement slurry 16 which is shown 

schematically in FIG. 2 partially ?lls the bore hole and 
the upper portion of the bore hole is ?lled with drilling 
mud 18. The volume of the slurry 16 should be sufficient 
to ?ll the annulus to the top of the bore hole when the 
casing string is run approximately to the total depth, or 
to whatever depth it is desired to cement the casing in 
the bore hole. Drilling ‘mud follows the cement slurry in 
the drill string to approximately equalize the height of the 
slurry inside and outside the drill pipe. 
The delayed setting cement slurry must be capable of 

remaining ?uid for a sufficiently long time to allow‘ making 
up and running the casing string, with additional time 
available to allow for dif?culties that may be encountered 
in running the casing. A wide range of properties can be 
designed for the delayed setting slurry, with consideration 
being given to ?ltration, ?uidity control, retardation and 
ultimate strength. Preferably, a speci?c slurry should be 
designed to suit the particular well conditions. A typical 
delayed slurry may have a volume of about -2 cubic feet 
per sack of cement, a ?uid time of 30 hours, ?uid loss of 
less than 100 cc. per 30 minutes, as measured by the API 
cement test on a 325 mesh screen and 1000‘ p.s.i. dif 
ferential pressure. In order to assure that the cement 
through the producing zone provides adequate isolation 
of the formations, the slurry should have a density of at 
least 13 lbs. per gallon. 

After the desired quantity of slurry has been placed in 
the bore hole, the drill pipe is removed from the bore 
hole, and the casing string is made up quickly. The casing 
string, as shown in FIGS. 2 and 6, has a ?oat shoe 22 at 
the lower end. The ?oat shoe is a conventional tool used 
in cementing and includes a one-Way rvalve which prevents 
?uid ?ow upwardly into the interior of the casing pipe, 
but allows ?uid to ?ow downwardly out of the lower end 
of the pipe. Although only a single valve is shown at the 
lower end of the casing string 20‘, a conventional ?oat 
collar may be provided one or two joints above the ?oat 
shoe. The ?oat collar has a one-way valve similar to the 
valve in the shoe 22. The purpose of providing both a 
?oat shoe and a ?oat collar is that if one of the valves 
should fail, the other valve will control the ?ow of ?uid 
at the lower end of the casing string. To simplify the 
description, the casing string is described as having only 
a ?oat shoe. 

In making up the casing string, at least a portion of 
the casing string is ?lled with a ?uid that has a substan 
tially lower density than that of the cement slurry in the 
bore hole. The bore hole conditions may permit running 
the casing in the bore hole with the entire casing ?lled 
with a buoyant ?uid. In that case the ‘?uid causes the cas 
ing to be ?oated through the inclined portion of the bore 
hole. When the lower end of the casing reaches the bottom 
of the bore hole, movement of the casing is stopped and 
su?icient time is allowed for the cement to harden. Sub 
sequently conventional completion operations may be 
carried out. 
Due to the deviation pattern, depth, or other condi 

tions of the bore hole, it may be desirable to con?ne the 
buoyant ?uid within a chamber of a predetermined length 
in the casing. In a modi?ed form of the invention, the 
?uid is con?ned in a chamber in the casing by means of 
a retrievable bridge plug 24 that is positioned in the 
casing at a substantial distance above the ?oat shoe 20 
or above the ?oat collar, if one is used. The packer rings 
on the bridge plug are expanded to seal the interior of 
the casing string and thereby to form a buoyancy cham 
ber in the casing between the bridge plug and the ?oat 
shoe. The buoyancy chamber may be ?lled with air at at 
mospheric pressure, air under pressure, nitrogen under 
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pressure, salt water, or other suitable ?uid. The particu 
lar ?uid used in the bouyancy chamber depends on the 
conditions in the bore hole. In deep wells, for example, 
it is necessary to pressurize the ?uid in the chamber to 
prevent the pipe from collapsing. The ?uid in the cham 
ber, however, must have a substantially lower density 
than the cement slurry. 
An example of a bridge plug which might be used 

for this purpose is disclosed in Phenix Pat. No. 3,189,096. 
Other types of retrievable bridge plugs that may be used 
are cup type bridge plugs which are provided with cup 
type sealing elements, double acting hook wall slips and 
a dual wedge arrangement for anchoring the tool against 
the pressure from either above or below the tool. The 
bridge plug 24 preferably has an equalizing valve which 
may be operated to provide ?uid communication through 
the bridge plug when the packer rings are expanded. 
This valve allows equalization of ?uid pressure above 
and below the bridge plug before collapsing the packer 
rings. The bridge plug 24 also should be provided with 
an overshot to allow ready separation of a tubing string 
from the bridge plug and to allow operation of the equal 
izing valve through the tubing string. These features 
are disclosed in the Phenix patent. While the casing is 
being run in the bore hole, the interior of the casing 
above the bridge plug 24 is ?lled with water or other 
treatment ?uid. 
The remainder of the casing string is made up of a 

series of pipe joints to provide a string of su?icient length 
to reach a depth below the producing formation. Cen 
tralizers 26, as shown in FIG. 5, are secured to the ex 
terior of the casing pipe 20 at regular intervals. The 
centralizers are of conventional construction, with one 
end 28 being latched around a collar or limit ring 30 
and the opposite end 32 being freely slidable along 
the exterior of the casing string 20 to accommodate 
?exing of the bowed springs 34. The centralizers are 
preferably provided on the exterior of the casing through 
out the entire length of the casing. 
When the bridge plug 24 is used the spacing of the 

centralizers 26 is an important feature. In FIG. 6, the 
centralizers 26 are shown schematically to indicate that 
they are spaced apart from each other a greater distance 
throughout the buoyancy chamber section, than they are 
above the bridge plug 24. Preferably, the centralizers 
26 are spaced at about twice the distance from each 
other in the buoyancy chamber section, as compared 
to the centralizer spacing above the bridge plug. It has 
been found that a suitable spacing for the centralizers. 
is 120 feet apart in the buoyancy chamber zone and 60 
feet apart above the retrievable bridge plug. It is desir 
able to use as few centralizers as are necessary to cause 
the casing to be positioned in the center of the bore hole. 
Due to the ?otation effect of the buoyancy chamber, 
it is possible to space the centralizers more ‘widely apart 
than in the conventional practice. 
A radioactive marker may be included in the casing 

collar immediately above the retrievable bridge plug to 
provide a reference point during subsequent logging and 
perforating operations. 

There are several advantages in at least partially ?ll 
ing a highly deviated bore hole with cement slurry be 
fore running the casing string in the bore hole. This 
technique provides a more uniform distribution of ce 
ment slurry around the casing due to the movement of 
the casing pipe through the slurry. Also, due to the pipe 
movement, there is less tendency for mud pockets to 
form in the cement sheath because of intermixing of 
cement slurry with a residual mud which may be present 
after the slurry displaces the major portion of the mud. 
Improved control of easing insertion and reduction of 
the resultant pressure surges which may cause loss of 
circulation are also achieved by this technique, since the 
casing is lowered into the heavier cement slurry during 
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the later portion of the operation, thereby obtaining the 
bene?t of more buoyancy. 
The buoyant effect that is achieved by the difference 

in density between the cement slurry in the annulus and 
the ?uid in the interior of the buoyancy chamber in the 
casing string provides better centralizing of the casing, 
than in conventional techniques where the heavy ce 
ment slurry is pumped down through the casing string 
while the lighter mud is in the annulus surrounding the 
casing. 
When the casing string has reached the bottom of 

the bore hole, the string is picked up several feet off the 
bottom and is hung in accordance with conventional prac 
tice at the well head. The casing remains undisturbed 
until the cement has hardened. This may take as long 
as thirty hours or more, depending upon the type of de 
layed setting cement that is used. 

After the cement has hardened, a tubing string 36 is 
made up with a retrievable bridge plug overshot 38 ‘which 
cooperates with the retrievable bridge plug 24. The over 
shot is disclosed in the Phenix patent, but if another type 
of retrievable bridge plug is used, a corresponding over 
shot may be substituted for that disclosed in the Phenix 
patent. As shown in FIG. 7, the overshot 38 is pro 
vided at the lower end of the tubing string 36. By ma 
nipulation of the tubing string, the overshot may be en 
gaged with the bridge plug 24 and the equalizing valve 
in the bridge plug is opened to allow the water or other 
treatment ?uid in the casing 20 to ?ow through the bridge 
plug into the buoyancy chamber section of the casing 
string. The bridge plug may then be released by manipu 
lation of the tubing string 34 and the bridge plug is 
pushed down through the casing string to a position be 
low the lowest producing zone of the formation, pre 
paratory to perforating at the producing zone. The bridge 
plug ‘may again be expanded to seal the lower end of the 
casing string. The tubing string is then released from 
the retrievable bridge plug and the tubing is raised until 
the lower end of the tubing string is spaced an appreci 
able distance above the bridge plug. Preferably, two or 
more casing collars should be exposed below the lower 
end of the tubing string. Using conventional well logging 
techniques, the position of the bottom of the tubing string 
can be corrected with the casing collars and the surround 
ing formation, so that the perforating gun may be ac 
curately positioned between the lower end of the tubing 
string and the bridge plug. 
When the interior of the casing is ?lled with air or 

other suitable ?uid, the casing pipe is stressed in radial 
compression due to the difference between the hydro 
static pressure of the cement slurry on the outside of the 
pipe and that of the ?uid in the inside of the pipe. The 
pipe remains in its de?ected condition until the cement 
hardens. Then, when the bridge plug 24 is released, or 
if the bridge plug is not used, subsequent completion op 
erations cause the pressure in the interior of the casing 
pipe to increase. When the pressure differential is there 
by reduced, the pipe is urged to expand radially outward 
against the hardened cement thereby providing an effec 
tive seal between the exterior of the casing pipe and the 
cement. 
Due to the highly deviated pattern of the bore hole, 

it may be impossible to run a perforating gun 40' to the 
depth of the producing formation merely by means of a 
wire line 42. The perforating gun 40 can be placed at 
the desired depth, however, by circulating ?uid through 
the tubing string to pump the perforating gun down to 
the desired depth, as shown in FIG. 8. The producing 
Zone can then be perforated according to the conven 
tional practice. Other well treatment methods, such as 
fracturing may be carried out after perforation. The next 
higher zone may be perforated by again connecting the 
overshot with the retrievable bridge plug to collapse the 
bridge plug and reset it at the next higher elevation di 
rectly below the next producing formation or zone. Thus, 
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the bridge plug isolates the perforated zones, while the 
higher zones are being perforated and treated. The well 
may then be completed to place the well on production. 
The method and apparatus of this invention provide for 

uniform distribution of cement slurry around the casing 
and centralization of the casing in highly deviated bore 
holes. The buoyant effect of the fluid in the casing string 
greatly reduces the chances of encountering diiferential 
sticking of the casing against the bore hole wall in the 
de?ection zones. In the modi?ed form of the invention, 
wherein the bridge plug is used to form a buoyancy 
chamber at the lower end of the casing, there are certain 
advantages that are not obtained by ?lling the entire 
string with a buoyant ?uid. For example, in deep wells 
it may be necessary to place the buoyant fluid under 
pressure to prevent collapse of the casing. Usually, it is 
more practical to con?ne the ?uid for this purpose. Also 
it may be desirable to run the casing with the lower end 
of the casing string having a greater buoyancy than the 
remainder of the casing string. Furthermore, it has been 
found that the buoyancy chamber avoids the tendency 
of the casing string to stick at the ?nal de?ection zone 
14 (FIG. 1). Other advantages include improving the 
integrity of the cement in the annulus and improving the 
bond between the cement and the casing pipe. 

While this invention is illustrated and described in ac 
cordance with a preferred embodiment, it is recognized 
that variations and changes may be made therein, with 
out departing from the invention, as set forth in the 
claims. 

I claim: 
1. Apparatus for completing a well in a deviated open 

bore hole in the earth comprising: 
(a) a casing string, 
(b) means in said casing string forming a sealed buoy 
ancy chamber therein, 

(c) a plurality of individual centralizer means on the 
exterior of said casing string, said centralizer means 
being spaced apart from each other along the length 
of said casing string, the spacing between the central 
izer means above said buoyancy chamber means being 
less than the spacing thereof along said buoyancy 
chamber means, and 

((1) means for selectively unsealing said buoyancy 
chamber while said casing string remains in said 
bore hole, whereby said chamber means facilitates 
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movement of said casing string through deviated 
portions of said bore hole. 

2. Apparatus according to claim 1 wherein said cham 
ber means includes retrievable bridge plug means, said 
plug means includes expansible packer elements in posi 
tion for establishing a seal between said elements and 
the interior of the wall of said casing string. 

3. Apparatus according to claim 2 wherein said un 
sealing means includes means for selectively equalizing 
?uid pressure above and below said plug means while 
said packer elements are expanded and control means 
on said plug means in position for cooperation with over 
shot means which may be run in said casing string, said 
control means selectively operating said equalizing means 
and said expansible packer elements. 

4. Apparatus according to claim 1 wherein each of 
said centralizer means includes a plurality of elongated 
spring members extending longitudinally on the exterior 
of said casing string, opposite ends of said spring members 
being connected with said casing string and intermediate 
portions of said spring members being ?exibly bowed out 
wardly from. said casing string, whereby said spring mem 
bers are in position yieldably to engage the wall of said 
bore hole upon lateral displacement of said casing string. 

5. Apparatus according to claim 1 wherein said cen 
tralizer means are spaced apart from each other along 
said buoyancy chamber means by a distance that is twice 
that of the spacing between said centralizer means above 
said buoyancy chamber means. 
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