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3,193,010 
CEMENTENG M JLT EPLE PPE STRINGS EN 

WELL FORES 
Walter J. Bielstein, Corpus Christi, Tex., assignor, by 

mese assignments, to Esso Production Research Com 
pany, Holston, Tex., a corporation of Delaware 

Filed Jay 30, 1963, Ser. No. 294,037 
6 Clains. (C. 156-21) 

This invention relates to well cementing, and more 
particularly to cementing wells wherein a multiplicity of 
pipe strings are suspended side-by-side in a well bore hav 
ing no lining or casing. 

In recent years it has become practical to eliminate the 
pipe string that conventionally serves as a lining for well 
bores penetrating hydrocarbon productive earth forma 
tions. In such operations, small diameter pipe strings, 
commonly referred to as tubing, are cemented in a well 
bore and perforated to serve as conduits for earth fluids 
produced from hydrocarbon productive earth formations. 
Where two or more flow tubings are used in the same well 
to produce two or more formations, means have been 
devised for the purpose of singly perforating the tubings 
after they have been cemented in the well bore. The 
cementing operation is necessary in order to protect water 
sands to prevent fluid migration between different hy 
drocarbon productive earth strata and to selectively pro 
duce the fluids within the same strata. 

In the conventional multiple tubingless completion 
cementing operation it is the practice to run two or 
more strings of pipe into the well bore while it is stand 
ing at least partially filled with drilling fluid. A cement 
slurry is then pumped down the longest pipe string and 
is immediately followed by a wiper plug so that the 
cement is entirely displaced from the pipe string and 
occupies the annulus between the pipe strings and the 
wall of the well bore up to a given level in the well 
bore. After the cement has set to a solid mass, it should 
prevent fluid communication between the earth forma 
tions penetrated by the well bore. However, in many in 
stances it has been found that channels are formed in 
the set cement, thus, effective sealing to prevent fluid 
migrations between earth formations is not accomplished, 
nor can the fluids contained in the same formation be 
selectively produced. This situation becomes increasingly 
serious as a greater number of pipe strings are disposed 
in the well bore. One reason for this condition has 
been found to be that drilling fluid is not displaced from 
the small space between the pipe strings when three or 
more. pipe strings are disposed in the same well bore, 
or from between the pipe strings and the sides of the 
well bore when two or more pipe strings are disposed in 
the same well bore. It has been found that the ce 
ment preferentially displaces the drilling fluid in the 
large annulus around the pipe strings and simply does not 
work into the relatively small space between the pipe 
strings, or between the pipe strings and the sides of the 
Well bore. (The reason that a small space exists between 
the pipe strings and the sides of the well bore is that 
well bores are never perfectly vertical, but instead cork 
screw down into the earth so that the pipe strings are 
always laying against the sides of the well bore.) These 
deposits of mud and mud cake are regions of low strength 
material. After the pipe strigs have been perforated 
and production has been initiated, the formation pressure 
around the perforated interval is reduced, thus creating 
a substantial pressure differential between the fluid-bear 
ing formation above and below the perforated interval. 
The deposits of mud and mud cake fail because of their 
poor strength qualities, and communication with forma 
tions above and/or below the producing formation is 
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established. Also, the failure of the low strength areas 
may result in the operator being unable to selectively 
produce the fluids within the formation perforated. 
Another reason that channels are formed in the drilling 

fluid is that when cement contacts drilling fluid, the drilling 
fluid is caused to thicken, whereby a viscous layer is 
formed between the mud and cement bodies. As the 
cement is pumped into the well bore, eventually it will 
breakthrough the weakest point in this viscous layer, and 
a long finger or channel of cement will be injected up 
through the drilling fluid. These channels can be suffi 
ciently long to permit fluid communication between pro 
ductive earth strata. 

In accordance with one aspect of the invention, a plu 
rality of pipe strings are positioned side-by-side in a 
well bore that is at least partially filled with liquid 
drilling fluid. In the process of cementing the pipe 
strings in place in the well bore, first a volume of gas is 
pumped into one of the strings. This gas is followed by 
the liquid cement; thus a layer of gas separates the 
cement and mud as it is pumped down the cement string 
and up the annulus. As the gas is pumped into the 
cement string a liquid such as water may be simultane 
ously injected to aid the scouring action as the gas ex 
pands up the hole upon reaching the bottom of the 
cement string. 

Objects and features of the invention not apparent from 
the above discussion will become evident upon consider 
ation of the following description thereof taken in con 
nection with the accompanying drawing, wherein: 

FIGS.. 1 and 2 are schematic representations of a por 
tion of an oil or gas well installation illustrating steps 
in accordance with one aspect of the invention; and 

FIGS. 3 and 4 are cross-sectional views of the bore 
hole shown in F.G. 1 illustrating the relative positions 
the pipe strings may assume at various points in the bore 
hole. 
With reference now to FIG. 1, there is shown a bore 

hole 3 extending from the earth's surface 1 through the 
levels of productive earth strata 10 and 20. A conven 
tional multiple completion type of well head apparatus 9 
is positioned at the earth's surface connected to a string 
of surface casing 5 which is cemented to the upper portion 
of the borehole 3 by a cement sheath 7. Three pipe 
strings 1, 15, and 9 are shown as extending into the 
borehole, although it is to be understood that two or 
more pipe strings may be so disposed in accordance with 
the invention. Since the lower portion of the borehole 
is shown in section, only two of the pipe strings are illus 
trated. The pipe strings may all extend to the bottom of 
the borehole or only one may extend through the lower 
most earth formation 20, and the others may extend only 
through the upper formations which they are intended to 
produce. The pipe strings A, 5, and 19 are controlled 
by valves 13, 17, and 21, respectively. Pipe string 19 is 
illustrated as being connected through valve 24 to a pump 
25 for pumping a cement slurry into pipe string 19 through 
line 27. A line 29 is connected to the well head 9 open 
ing into the annulus around the pipe strings so that drilling 
fluid pumped up the Well bore can be exhausted to a mud 
pit. Line 29 is controlled by valve 31. Lines from a 
source of gasiform fluid are shown leading to pipe strings 
19 and 1:1, and it is to be understood that a line may be 
provided leading to pipe string 15. Each line should be 
controlled by a separate valve. The gasiform fluid should 
be under substantial pressure and preferably should be a 
relatively inert gas such as nitrogen and carbon dioxide, 
although other gases, Such as air, may be used. The 
pipe strings are each provided with guide shoes at the 
lower ends thereof; the guide shoes for pipe strings 1 
and 9 are designated by the reference numerals 33 and 
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35, respectively. Check valves may be provided within 
the guide shoes in accordance with usual practice. 
The pipe strings will assume various relative positions 

in the borehole, as illustrated in FIGS. 3 and 4. For the 
most part, the pipe strings will be laying against the sides 
of the borehole as illustrated in FiG.3 inasmuch as the 
borehole corkscrews down through the earth. For very 
short distances the pipe strings occasionally may assume 
the relative positions illustrated in F.G.4, away from the 
sides of the borehole. In the relative positions thereof 
shown in FG, 3, there will be a small restricted zone A 

the earth's surface, and wherein a cementitious fluid is 
pumped down one of the pipe strings and up the annulus 
therearound to bond the pipe strings to the sides of the 
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between the pipe strings and the side of the borehole. . 
When the pipe strings are as illustrated in FiG.4, the re 
stricted zone B between the pipe strings will not be prop 
erly cemented under conventional practices. 
sible to displace using conventional cementing operations. 
Assuming now that the pipe strings are run into the 

well bore 3 to substantially the bottom of the well bore 
as shown in FGS. 1 and 2, valves 2 and 31 are opened 
and valves i3 and 7 are closed. Gas from the source of 
gasiform fluid is injected into pipe string 9 followed by 
cement. 
The gas injected in accordance with the present inven 

tion will have no difficulty displacing the mud in zones A 

It is the 
drilling fluid in zones A and B which it is almost impos 

well bore, the improvement comprising: entraining a 
gasiform fluid through at least the lower portion of the 
drilling fluid in the annulus around the pipe strings and 
in the space between the pipe strings; and pumping a bank 
of Said gasiform fluid down one of the pipe strings suffi 
cient in volume to form a gaseous bank between the 
cementitious fluid and the drilling fluid. 

2. In a well operation wherein a plurality of pipe strings 
are run into a well bore at least partially filled with 
drilling fluid to coextend side-by-side therein from the 
earth's surface, and wherein a cementitious fluid is pumped 
down one of the pipe strings and up the annulus there 
around to bond the pipe strings to the sides of the well 

" bore, the improvement comprising: pumping a gasiform 
fluid down at least one of the pipe strings before cementi 
tious fluid is pumped into the well bore to entrain said 
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and B because of the large differences in density and vis 
cosity between the displacing and the displaced fluids. 
After an appropriate volume, preferably after at least 300 
cubic feet of gasiform fluid measured at standard tem 
perature and pressure conditions, has been injected, valve 
23 is closed, valve 24 is opened, and cement is pumped 
down the pipe string 9 and into the annulus around the 
pipe strings and the spaces between the pipe strings. As 
the cement enters the area in which the gas has displaced 
the drilling fluid, it in turn displaces the gas. 

It is well known that drilling fluid, after circulation - 
thereof has ceased for a period of time, can form a weak 
gel that is easily broken by further circulation of the 
drilling fluid. Gasiform fluid injected in accordance with 
the invention will have substantial difficulty in working 
up through the gelled drilling fluid. The lower portion of 
the drilling fiuid column eventually will be saturated with 
gas bubbles and it will be possible to form a bank of 
pure gas beneath the column of drilling fluid and gas cut 
drilling fluid. The entire drilling fiuid column then can 
be lifted by the gaseous bank. Cement slurry thereupon 
may be pumped into the bottom of the well bore to lift. 
the entire column of drilling fluid as illustrated in FIG. 
2. The provision of a bank of gas between the drilling 
fiuid and the cement not only insures more complete dis 
placement of the drilling fluid from the small zones A and 
B illustrated in FIGS. 3 and 4, but also absolutely pre 
vents formation of a crust by commingling of cement and 
drilling fluid, with the attendant disadvantages described 
above. ... -- 

In many instances it will be found advantageous to 
inject the gasiform fluid into one of the pipe strings dis 
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posed in the borehole other than the string to be used 
for cementing in order to better control the placement 
of the gas ahead of the cement through the usual valve 
arrangement at the bottom of the pipe string. 
While there has been shown and described what at 

present is considered to be preferred embodiment of the 
present invention, other modifications will be apparent 
to those skilled in the art which do not depart from the 
scope of the invention as defined 
What is claimed is: 
1. In a well operation wherein a plurality of pipe 

strings are run into a well bore at least partially filled 
with drilling fluid to coextend side-by-side therein from 

by the appended claims. 
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gasiform fluid in the drilling fluid disposed in the annulus 
around the pipe strings and in the space between the pipe 
strings; and pumping a bank of gasiform fluid down the 
pipe string through which cementitious fluid is to be 
pumped sufficient in volume to form a gaseous bank be 
tween the cementitious fluid and the drilling fluid. 

3. The method according to claim 2 wherein at least 
300 cubic feet of said gasiform fluid measured at standard 
temperature and pressure is injected into the well bore. 

4. The method according to claim 2 wherein the gasi. 
form fluid is an inert gas. . . - 

5. In a Well cementing operation in a well bore having 
drilling liquid therein, the steps comprising: 

Tunning at least one pipe string into the well bore; 
forming a bank of drilling fluid saturated with bubbles 

of a gasiform fluid in the lowermost portion of the 
- Well bore around the pipe string; 

injecting a bank of gasiform fluid below said bank of 
drilling fluid to displace the bank of drilling fluid up 
the well bore; and -- - 

pumping a cementitious mixture down the pipe string 
to displace the bank of drilling fluid and the bank of 
gasiform fluid up the well bore. 

6. In a well cementing operation in a well bore having 
drilling liquid therein, the steps comprising: 

running at least one pipe string into the well bore; . . . 
i pumping a gasiform fluid down said pipe string until 

the drilling fluid in the lower portion of the well bore 
is saturated with bubbles of the gasiform fluid; . 

pumping additional gasiform fluid down the pipe string 
until a bank of gasiform fluid is formed beneath the 
mixture of drilling fluid and bubbles of gasiform 
fluid; and . . . . . . . . . . . 

pumping a cementitious mixture down the pipe string 
to displace the bank of gasiform fluid and the mixture 
of drilling fluid and gasiform fluid up the well bore. 
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