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. 3,406,756 
METHOD OF WELL CEMENTING WITH CONDUIT 
COATED WITH HEAT SENSITIVE MATERIAL 

Lloyd G. Carter and Dwight K. Smith, Duncan, Okla., as 
signors to Halliburton Company, Duncan, Okla., a cor 
poration of Delaware ' 

Filed Sept. 23, 1966, Ser. No. 581,466 ' 
10 Claims. (Cl. 166--21) ' 

ABSTRACT OF THE DISCLOSURE 

A method of cementing wells to be subjected to steam 
treating or thermal stimulation, wherein a heat sensitive 
or thermoplastic material is peripherally applied to the 
external surface of a substantial section of a string of 
well pipe prior to cementing the pipe string in a well bore. 
During steaming or heat treating operations, wherein 
heat is aplied to the pipe string, the thermoplastic mate 
rial will melt and ?ow. The well pipe originally coated is 
thus free to expand and/or grow during thermal stimula 
tion and pipe failure is substantially inhibited. 

The present invention relates to a new and improved 
method of cementing wells, wherein a low bond strength 
is obtained. It especially relates to a method of cementing 
pipe in a well bore wherein a lheat sensitive material is 
applied to the outside diameter of the pipe which permits 
a cement to bond to the pipe, but which bond can be 
readily broken by the application of heat. 
One of the popular for-ms of secondary petroleum re 

covery is steam stimulation, the addition of thermal 
energy to a reservoir traversed by a well bore by steam in 
jection. The same well is generally used for injection and 
production. Although the injection of steam into wells to 
raise the temperature of viscous crude oils and reduce the 
viscosity thereof for improved production is not new, 
having been tried in the late 1920’s and early 1930’s, it 
has only recently become a popular means of secondary 
recovery. U. S. Patent No. 3,193,009 describes a typical 
steam injection process. Numerous articles on steam stim 
ulation and/or steam injection have been written in the 
last few years. Some of these articles which describe steam 
stimulation processes and their advantages and disadvan 
tages are: “Steam Injection Wins New Support” by Carl 
J. Lawrence in the Apr. 8, 1963, issue of The Oil and Gas 
Journal; “The Quiet Noise Over Steam Flooding: What’s 
It All About” by J. E. Kastrop in the February, 1964 and 
March, 1964 issues of the Petroleum Engineer; and 
“Steam Stimulation—Newest Form” by W. D. Owens 
and Vane E. Suter in the Apr. 26, 1965 issue of The Oil 
and Gas Journal. One of the earliest articles on steam 
stimulation is “Recovery of Oil from Depleted Sands by 
Means of Dry Steam” by Smith L. Stovall in the August 
13, 1934 issue of The Oil Weekly. 
Although some degree of success has been achieved 

‘with steam stimulation, there have been numerous failures. 
One of the major causes of steam stimulation failure is 
casing or well pipe collapse. For example, if a 2000 ft. 
string of casing is heated 400° F., the casing string will 
expand or grow about 5 ‘ft. if it is free to move. If it is 
not free to move, the casing may buckle and fail under 
the resulting compressive stress. As steam stimulation 
processes necessitate the injection of the steam into the 
well pipe at relatively high temperature, 300° F.—500° F. 
or even higher, the increased stress on pipe in casing is a 
serious problem. 

Several means have been employed to prevent pipe 
failure. Among these are the use of higher grades of pipe 
and couplings of su?icient strength to withstand expected 
stress; pre-stressing of the well pipe; and to reduce the 
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temperature of the well pipe. The latter is sometimes ac 
complished by the use of a packer and injection tubing. 
Varying degrees of success have been achieved using 
these prior art methods, but the cost of employing them 
has often made the project uneconomical. - 
The present invention is particularly adapted to over 

come the problem of easing or pipe failure in wells where‘ 
in the pipe or casing is subjected to high temperature; 
i.e., temperatures of about 300° F. or higher. 
A principal object of the present invention is to provide 

a method of cementing pipe or casing in a well wherein 
the pipe is permitted to grow or expand during the appli 
cation of high temperatures to the pipe during steaming 
operations or other thermal well stimulating processes. 
When the pipe is cooled to formation or ambient tempera: 
ture, the pipe is permitted to contract to its original’size. 

Another object of the present invention is to provide 
an economical method of cementing a pipe or casing in'a 
well to be subjected to thermal stimulation. 

Other objects and advantages of the present invention 
will be readily understood from the description of the 
invention set forth hereinbelow. 

SUMMARY OF THE INVENTION‘ 
The present invention provides a novel well comple 

tion technique for wells to be subjected to steam injec 
tion or thermal treatment. Maximum free casing or pipe 
movement is permitted thus minimizing temperature in 
duced stresses. One section of the pipe must be bonded 
securely for segregating ?uids that might be subjected 
to interzonal flow as in a normal cementing operation. 

After a well is drilled and prior to setting ia string of 
pipe or casing in the well bore, a substantial predeter 
mined or desired section of the pipe string is peripherally 
coated on its external surface with thermoplastic or 
heat meltable material. The material must be sufficiently 
adhered to the pipe so that little, if any of it, will be re 
moved during placement of the cement slurry. A portion 
of the pipe string is left free of the thermoplastic or heat 
meltable material, and this is preferably the lower por 
tion of the pipe string. The action of pipe to be bonded 
securely to the cement will be at the top of the producing 
formation. 
The entire string of pipe is placed in the bore hole 

and then cemented in place in the usual manner. The 
upper string of pipe coated with the thermoplastic ma 
terial is preferably cemented with a high perlite cement 
slurry which exhibits low shear bond strength, but re 
mains thermally competent. A high temperature good 
bonding cement, such as a silica ?our cement is pref 
erably used for cementing-the lower or uncoated portion 
of the pipe string. After the cement has set, the lower end 
of the pipe string adjacent the producing zone is thorough 
ly anchored in place, with the pipe section securely 
bonded to cement. The upper or coated section of pipe is 
only lightly bonded to the cement, if at all. 

Perforating of the pipe adjacent the producing forma 
tion is accomplished in a manner well known in the art. 
Fluids may then move from the producing formation 
into the casing or be injected into the formation via the 
casing. . - 

When steam or other heat is introduced into the well 
pipe, the pipe becomes heated to the extent that the 
thermoplastic material melts and ?ows. The coated sec 
tion of pipe expands or grows upon the application of 
heat thereto, and returns to its normal position when the 
heat is removed. The heating and coating cycle may be 
continued at desired intervals and casing or pipe failures 
are substantially inhibited. 

Brie?y, the present invention is an improved method 
of cementing pipe in a well bore traversing a subterranean 
formation, which comprises inserting a pipe or tubular 
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conduit having an exterior surface covered with a heat 
sensitive material which will enable a cementitious ma 
terial such as a hydraulic cement or the like to be initial 
ly bonded to the pipe upon setting, which will melt or 
flow upon the application of heat to the internal pipe 
surface, thereby enabling the bond to be broken when 
desired; displacing cementitious material into the annulus 
de?ned by the pipe and the surrounding formation; and 
permitting the cementitious material to set. The cement 
or cementitious material does not necessarily have to 
bond to the heat sensitive material upon setting as long 
as such material will stay adhered to the pipe. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a vertical longitudinal section through a 
well bore illustrating a well cemented in the manner of 
the present invention after cementing has been completed 
but prior to the introducing of steam into the well. A 
steam injection source is also shown schematically. 
FIG. 2 is a longitudinal vertical section of a well bore 

containing a pipe therein coated with a heat sensitive 
material prior to the introduction of steam or heat into 
the well bore. 

FIG. 3 is a view similar to FIG. 2, wherein steam 
is being introduced into the well bore and partial melt 
ing or heating of the heat sensitive material has taken 
place. 

FIG. 4 is a view similar to FIG. 2 wherein the steam 
ing or heat treating operation has been completed, and 
the well pipe or casing had returned to its original posi 
tion. 

Basically, oil well cementing is a process of mixing a 
cement-water slurry and pumping it down through steel 
casing or pipe to critical points located in the annulus 
around the pipe, in an open hole or in a permeable for 
mation. 

Prior to cementing operations, the pipe, casing or cas 
ing string is coated with a heat sensitive or thermoplastic 
material which will melt and ?ow or become deliquescent 
at temperatures above formation temperatures or at the 
desired temperature. Some materials suitable for this 
purpose are thermoplastic resins, epoxy resin compounds, 
polyamide resins, hot melt materials, grease, paraf?ns, 
asphaltic materials, tar and others. 

In cementing a well using the novel method of this 
invention, a string of pipe coated with a suitable or de 
sired heat sensitive material is ?rst placed in a bore hole. 
A hydraulic cement slurry containing desired additives 
is pumped down the pipe and out the end of the pipe, 
or through perforations in the pipe. The slurry is then 
forced up the annular space between the string of pipe 
and the walls of the bore hole. The cement is then allowed 
to set. 

Although certain cement mixes are preferable when 
the well is to be subjected to thermal stimulation treat 
ments such as steam injection, cement mixes with which 
this invention may ‘be generally employed include, those 
in which any hydraulic cement of the character of port 
land or pozzolan cement is the principal cementitious 
composition, the amounts of the essential ingredients 
of the invention being governed by the amount of this 
type of cement present in the mix. Any of the common 
aggregates and ?llers may be employed in various 
proportions to meet different structural requirements. 
These include stone, gravel, slag, sand, pozzolanic ma 
terials, ?y-ash, perlite and the like, and such specialized 
materials as metallic aggregates, aluminum powder, etc. 
The invention is also applicable to neat cement mixes 
containing no aggregate or ‘?ller. All such mixes are com 
prehended hereinafter by the term “hydraulic cement mix 
or slurry.” 
As indicated above, the invention does not preclude 
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4 
the use of other additives, as well as aggregates and ?llers, 
for modifying various characteristics of the mixes for 
special purposes. For example, air entraining agents, ce 
ment dispersing agents, pigments, water-repellent com 
pounds, low ?uid loss additives, tracing materials, fric 
tion reducers, accelerators, retarders, heavyweight and 
lightweight additives, etc., may also be used. 

Referring to FIG. 1, a well bore 10 has been drilled 
and a well casing or pipe string 11 set therein. The pipe 
string 11 has perforations 12 in the lower end thereof 
which permit ?uid passage between the producing for 
mation 13 and the casing 11. The upper portion of the 
pipe string 11 adjacent the formation 14 above the pro 
ducing formation 13 is coated with a heat softening or 
meltable coating 17 and cemented with a cement 16 hav 
ing a low shear bond strength. The lower portion of the 
pipe string 11 adjacent the producing formation is ce 
mented with a high strength thermally competent cement 
and anchored rigidly in the hole 10. 
A steam generating unit 21 is positioned at the sur 

face near the well bore 10 with steam generator tubes 
22 therein. A line 23 connects the pipe 11 with the steam 
generator tubes 22. A valve 24 is placed in the line 23 
at a convenient place for controlling entry of steam into 
the pipe string 11. A water pump 20 is positioned near 
a water source for pumping or supplying ‘water to the 
steam generating unit. Steam is generated when it is 
desired to treat or heat the formation 13. The steam 
is subsequently injected into the pipe 10 via the line 23 
through the perforations 12 and into the formation 13. 
The steam heats the pipe 10 causing the coating 17 to 
melt. The upper section of the pipe string 11 is thus 
free to expand and grow. The coating 17 is of su?icient 
thickness that maximum expansion of the pipe is per 
mitted without damage to the cement 16 and the ce 
ment 16 is not in direct contact with the upper portion of 
the pipe string 11 at any point. 
The line 23 is of su?icient ?exibility or so constructed 

that vertical movement of the pipe 11 will not disrupt or 
disengage the steam generating apparatus 21 or line 23. 

In FIGS. 2-4, the casing 30 is coated with a heat soft 
ening or heat meltable material 31 and adjacent cement 
32 adjacent the formation 33. In FIG. 3, the heat soft 
ening material 31 has begun to melt and flow and a por 
tion thereof 31a is seen in the cement 32. The casing 
31 has expanded to occupy the space formerly held by 
the heat softening material 31a now in the cement com 
position. ‘In FIG. 4, the casing 30 has returned to its 
normal position and the heat softenable material 31b is 
all in the cement composition thus leaving an annular 
space between the casing 30 and the cement 32 where 
the heat softening material 31 was previously or as shown 
in FIG. 2. 

EXAMPLE I 

Procedure: Specimens of pipe were prepared by cutting 
6-inch sections of 2-inch I.D. steel pipe and 4-inch I.D. 
steel pipe. The outer surface of each of the 2-inch speci 
mens were coated with a heat sensitive material and each 
specimen was then centered within a 4-inch specimen. 
The annulus between the 2-inch pipe and 4-inch pipe 
was ?lled with a conventional cement slurry and cured. 
After the desired curing time the specimens were sub 
jected to shear bonding strength tests using standard test 
ing procedures as outlined in a paper entitled “Bonding 
Studies of Cementing Compositions to Pipe and For 
mations” by George W. Evans and L. Gregory Carter 
(A.P.I. Paper No. 906-7-D), presented at the Spring 
Meeting of the Southwestern Division of Production of 
the American Petroleum Institute in Odessa, Texas on 
March 21-23, 1962. 
The shear bond strength tests results are recorded in 

Table I. 
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Cement—A.P.I. Class A cement. 
Water—5.2 gallons per sack of cement. 
Curing time-7 days. 
Curing temperatures—100° F. 

Material: Bond strength (p.s.i.) 
Varnish+grease+closed in pressures * _____ 0.67 
Varnish-l-grease ______________________ __ 3.57 

Rubber-l-grease ______________________ __ 8.05 

Rubber _____________________________ __ 13.40 

Para?'in _____________________________ __ 25.46 

=51 Applied 2500 p.s.i.g. for 7 days. 

EXAMPLE II 

A number of laboratory tests were made to determine 
cementing compositions which would minimize bonding 
to the casing but which'would also be thermally com 
petent. 

Procedure: Four diiferent cementing compositions were 
prepared using an air mixer. Perlite was wet with water 
under 2000 p.s.i. pressures prior to adding to the cement 
slurry. All samples were ?rst cured at 110° F. under 1500 
p s.i.g. pressure for 24 hours, with a portion of the sam 
ples being tested for strength under standard procedures. 
The remaining samples were then cured at 400° F. under 
3000 p.s.i. pressures for an additional 24 and 72 hours. 
Shear bond was estimated [from the correlation presented 
in the above referred to paper on bonding studies. 

TAB LE II.——DATA 

Slurry Properties 
Slurry 
Number Cement, Silica Gel, Perlite, Water, 

Lbs. Flour, Lbs. Percent Cu. Ft. Lbs. 

94 28. 2 (30%) 2 (94??) 3 147 
47 4O 2(87#) 3 132 
47 40 2(87#) 6 222 
94 80 2(94?!) 6 255 

Compressive Strength, p.s.i. 

110° F., 1,500 p.s.i., 400° F., 3,000 p.s.i. 
1 Day 

1 Day 3 Days 

227 684 839 
114 959 826 
29 391 330 
98 953 1, 046 

Shear Strength, p.s.i. 

59 154 183 
29 215 190 
8 101 81 
30 239 252 

Shear Bond Strength, p.s.i. 

28 75 88 
12 97 86 
3 47 42 
10 96 104 

A number of well cementing jobs have been success 
fully completed employing the method of the present in 
vention. Three of such wells completed in the Cat Canyon 
Field, Santa Barbara County, California have been sub 
jected to steaming operations. One well has been through 
six cycles (expansions and contractions) of steaming and 
the other two wells through one expansion and contrac 
tion cycle. All wells were steamed down the casing at 
550° F. to 600° F. well head temperature in a severe test 
of this type of well completion. All wells reported are 
in good shape with no apparent failure of the casing and 
have been placed on production. 

These wells were each cemented with a J-55 grade cas 
ing coated with 3/16 inch roo?ng tar to insure a low bond 
ing strength. This is the ?rst known successful use of this 
grade of casing for a well to be subjected to such high 
temperatures. 

In this California area, casing failures have been prev 
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6 
alent because of the high temperatures and injection pres 
sures used in steam stimulation. Steam temperatures of 
635° F. 655° F. and steam injection pressures of 2000 to 
2300 p.s.i. are not uncommon. 
The details of cementing the ?rst of these wells later 

subjected to the six cycles of steaming is set forth here 
inbelow. . 

Cemcnting composition 

94# A.P.I. Class “G” cement, 
80# silica ?our/ sack of cement, 
3.48#bentonite/ sack of cement (2% by wt. of cement 

+silica ?our), 
96# perlite/ sack of cement (12 cu. ft perlite/ sack), 
Slurry yield=10.04 cu. ft./ sack of cement, 
Water requirement=7.92 cu. ft./ sack of cement, 
Slurry weight=65 p.c.f. (pounds/cubic foot), 
A.P.I. Class “G” cement, 40% silica ?our, 3% CaCl2 was 

used around the cementing shoe. 

9 Well data 

11" hole to 1986', 
8% ” hole to 2430’, 
1578’ of 7" 26# J~55 extremeline casing coated with 

3A6" roo?ng tar (surface to 1578’), 
393’ of 7" 26# P-llO buttress casing (1578'—1981’), 
Float shoe with basket and six, 1%" ports at 1981’, 
Cast iron battle at 1951’, 
78 p.s.f. fresh water, clay base mud. 
The general idea of the job was to cement the P-llO 

buttress casing with a high strength, thermally competent 
cement and anchor it rigidly in the hole. The upper por 
tion of the pipe consisting of I-55 extremeline casing was 
cemented with the high perlite slurry which exhibits low 
shear bond strength but remains thermally competent. The 
I455 pipe was also coated with 9/16" roo?ng tar to insure 
low bonding strength. ‘ 
The casing was run and hung on the slips. The perlite 

cement slurry was mixed through a conventional low pres 
sure mixer. The jet size was 78" x 2.37" and mixing pres~ 
sure was 120 p.s.i. Slurry weight varied from 59 to 62 
p.c.f. and averaged 60 p.c.f. It took 47 minutes to mix 
100 cu. ft. Class “G” cement, 1200 cu. ft. perlite, 8000 lbs. 
silica ?our and 350 lbs. bontonite. It was noted that lessen‘ 
ing by-pass water caused the slurry to thin nicely and in 
creased the slurry weight to 62 p.c.f. After mixing the 
perlite cement slurry, the jet size was changed to %” x 
2.37" and 95 sacks of Class “G” cement, 40% silica 
?our, 3% CaCl2 was mixed at 117 p.c._f. in 7 minutes. 
Cement returns to surface were noted just before the start 
of mixing the Class “G” cement, silica ?our slurry. A top 
5W wiper rubber cementing plug was released after all 
cement was mixed. Cement was displaced with mud. The 
plug had not bumped at 5% over theoretical displacement 
and the pumps were shut down at that point. The pres 
sure was released and the ?oat held. The job was com 
pleted at 8:34 pm. 

Samples of the cement returns were weighed and varied 
from 62 to 76 pct. The returns appeared to be very 
watery. It is highly possible that the shallow Foxen sand 
was feeding water into the slurry as it crossed this in 
terval. The Foxen is a well known proli?c water sand. 

Inspection of the surface and return samples the fol 
lowing morning showed the Class “G” cement, silica 
?our samples to be set and relatively hard; the surface 
perlite samples to be set‘but very soft; and the return 
perlite samples to be dehydrated (no free water) but un 
set and mushy. 

In a preferred form of the invention, an A.P.I. Class 
“G” cement with one or more of the following, pozzolan, 
perlite, bentonite and/or diatomaceous earth comprises 
the cementing slurry. Since the set slurry will be subjected 
to the same high temperatures as the well casing, it 
should be capable of withstanding such temperatures with 
little or no deterioration or damage thereto. 
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It can also be appreciated that a wide variety of themo 
plastic or heat sensitive materials may be used without 
departing from the scope of the invention, and that the 
temperatures of the surrounding formations will have a 
direct bearing upon the heat sensitive material selected. 
At normal or ambient well temperatures, the material 
should have a substantial solidarity with little or no 
tendency toward deliquescence. At thermal stimulating 
temperatures, the material should melt and ?ow or be 
come deliquescent. Upon return to normal temperatures, 
the material may or may not return to its state prior to 
heating. Materials may be selected for any desired post 
heating state, depending upon well conditions or required 
effect. Once the initial bonding has been broken by ther_ 
mal stimulation, subsequent heating or thermal stimula 
tion may be carried out without deleterious elfects on the 
well pipe or conduit means. 
What is claimed is: 
1. A method of cementing a pipe or conduit means in 

a well bore, comprising the steps of: 
(a) placing said conduit ‘means in the well bore, said 

conduit means having at least a peripherally encir 
cling portion of a section thereof continuously coated 
with a heat sensitive material which upon the ap 

' plication of heat thereto will melt and ?ow and a 
second section thereof peripherally free of said heat 
sensitive material; 

(b) introducing a hydraulic cement slurry into the well 
bore contiguous with at least a portion of the coated 
and uncoated sections of the conduit means; and, 

(c) allowing the cement slurry to set, thereby bonding 
' the uncoated section of the conduit means to the ce 

ment and permitting expansion of the coatedsec 
tion of conduit means upon application of heat there 
to and contraction of said originally coated section 
of the conduit means upon cooling substantially with 
out damage to the conduit means. i v 

2. The method of claim 1, wherein said heat sensitive 
material is selected from the group consisting of tar, 
grease, asphalt and asphaltic materials, para?ins, thermo 
plastic resins, epoxy resins, polyamide resins, and hot 
melt materials. > 

3. The method of claim 1, wherein the heat sensitive 
material is a roo?ng tar. . - 

4. The method of claim 1, wherein the hydraulic ce 
ment slurry contains perlite in a ratio by volume of about 
1 part cement to about 12 parts perlite. 

5. The method of claim 1, wherein the cement placed 
adjacent the coated section of said conduit means is a 
low bond strength cement and the cement placed adjacent 
the uncoated section of said conduit means is a, high 
bond strength cement. v 

6. The method of claim 1, wherein thecem‘enting slurry 
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contains one or more of the following: pozzolan, perlite, 
bentonite, diatomacous earth and silica flour. 

7. A method of cementing a pipe in a well bore travers 
ing a subterranean hydrocarbon containing formation to 
be subjected to thermal stimulation, comprising the 
steps of: 

(a) placing said pipe in the well bore, a section of said 
pipe being peripherally coated on the external sur 
face thereof with a heat sensitive material which is 
substantially ?rm at normal well temperature, but 
which during thermal stimulation becomes deliques_ 
cent and a section of said pipe being peripherally 
free of said heat sensitive material; 

(b) pumping a hydraulic cement slurry down the pipe 
and up the annular space between the pipe and the 
walls of the well bore; and 

(c) allowing the cement slurry to set, thereby bonding 
the uncoated section of said pipe to the cement 
whereby during thermal stimulation expansion of the 
originally coated pipe section occurs and upon cool 
ing subsequent to thermal stimulation, contraction 
of the pipe occurs, all without substantially damaging 
the pipe. 

8. The method of claim 7, wherein the heat sensitive 
material is selected from the group consisting of asphalt 
and asphaltic materials, para?ins, tars, greases, hot melt 
materials, thermoplastic resins, epoxy resins and polyam 
ide resins. 

9. The method of claim 7, wherein the cement placed 
adjacent the coated section of pipe is a low bond strength 
cement and the cement placed adjacent the uncoated 
sec;ion of pipe is a high bond strength cement. 

10. The method of claim 7, wherein one or more of 
the following materials is added to the cementing slurry: 
pozzolan, perlite, bentonite, silica ?our and diatomaceous 
earth. 
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