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CEMENTING METHOD 
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Tex., assignors to Shell Oil Company, New York, N.Y., 
a corporation of Delaware 

Filed Jan. 12, 1962, Ser. No. 165,948 
3 Claims. (Cl. 166-21) 

This invention relates to a well cementing method and 
pertains more particularly to the cementing of pipe or 
casing strings in oil and gas wells. 

After a well is drilled a string of casing or a pipe string 
is subsequently suspended in the well from the wellhead 
at the surface and cemented in place. Oftentimes well 
drilling operations are then continued until a predeter 
mined depth has been reached at which time a second 
string of well casing is positioned and cemented in a well. 
Since a well may traverse a Water-bearing formation prior 
to encountering an oil or gas formation, the casing is 
cemented in the well in order to shut off or isolate the 
water-bearing Zone from any oil or gas-producing zone 
within the well. 
A certain percentage of well cementing jobs are not 

successful resulting in water contamination of an oil or 
gas zone. The reasons for one well being successfully ce 
mented while another well cementing operation is unsuc 
cessful is seldom precisely known. Whatever the causes 
may be, the result is that water seeps or ?ows past the 
cemented portion of the annulus space outside the well 
casing either due to poor bonding between the well casing 
and the cement or between the cement and the adjacent 
wall of the well. The requirements for a good cementing 
bond become much greater when it is necessary to stimu 
late (acidize or fracture treat) the productivity of the oil 
or gas zone. For example, the channel of communication 
to the undesirable water zone may initially be so small 
that it is of little or-no consequence. ‘But after a small 
amount of stimulating ?uid has passed through the channel 
it becomes su?‘icient by large to damage the well. 

It is therefore a primary object of the present invention 
to insure a ?uid-tight and/or pressure-resistant bond be 
tween the cement and the well casing, and between the ce 
ment and the borehole wall. 
Another object of the present invention is to provide a 

method of completing wells wherein a well casing is ce 
mented in the well under conditions which diifer from the 
normal conditions encountered by a well casing in the 
well during the production life of the well. 

These and other objects of this invention will be under 
stood from the following description of the method of the 
present invention taken with reference to the drawing, 
wherein: 
FIGURES 1 and 2 are diagrammatic views taken in lon 

gitudinal cross section of a well casing positioned with a 
well during cementing operations. 

Pipe or casing strings maybe cemented in a well by any 
of several methods. A general method is to pump a quan 
tity of fluid from the surface down the string of casing so 
as to force ahead of it the drilling fluid in the casing and 
in the annular space outside the casing between the casing 
and the borehole wall, as the mud in the casing would only 
tend to contaminate the cement. A bottom cementing plug 
is then placed in the top of the casing string and forced 
downwardly therethrough by a stream of cementing mate 
rial. After a predetermined volume of cement has been 
pumped into the casing string, a second cementing plug 
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or followup plug is generally inserted into the top of the 
well casing and forced downwardly therethrough by means 
of a ?uid stream, preferably water, which is pumped down 
the well casing to force the ?rst plug against a seat at the 
bottom of the casing and then cause a rupture disc in this 
plug to fall so that the ?uid cementing material following 
the plug can be forced up the annular space outside the 
well casing to the desired location where the cementing 
material is allowed to harden. 

During cementing operations, the well casing and the 
cement bond and formation adjacent thereto are subjected 
to conditions that are not normally encountered during 
the production life of the well. For example, the particu 
lar casing string being cemented may be normally empty 
of fluid when the well is produced. However, if the same 
casing string is full of ?uid while the cementing material 
outside it is hardening, the weight of the ?uid within the 
casing string has a tendency to cause the casing string to 
expand against the cementing material. This expansion 
stress to which the well casing is subjected during cement 
ing operations is removed as soon as the casing is emptied 
of ?uid. However, it may be that in emptying the well 
casing of fluid and allowing the well casing to return to 
its normal condition, the bond between the outer wall of 
the well casing and the hardened cementing material may 
be substantially weakened or even broken so that it is no 
longer ?uid tight. It has been found that this expansion 
stress can ‘be removed from the well casing by pumping 
out or otherwise emptying the well casing of any ?uid 
to a depth at least near the level of the cementing material 
positioned outside the well casing. This ?uid within the 
well casing should be removed before the cementing mate 
rial outside has solidi?ed. Generally a check valve (or 
valves), called ?oat shoes or ?oat collars, at bottom of 
casing string closes the bottom of the well casing to hold 
the cementing material at its desired level. Another way 
to eliminate this expansion stress is to displace (pump 
down) the cementing material with a gas. Subsequently, 
the gas pressure can be relieved at the surface. 
A second condition encountered by the well casing and 

adjacent formation during cementing operations is that of 
high temperatures. Considerable heat is given off during 
the hardening of cement and it is dif?cult and takes consid 
erable time to dissipate this heat in a con?ned Zone like 
a well borehole. The temperature within the well itself 
may be considerable at the level at which the cementing 
operation is to take place, thus adding the di?iculty of 
dissipating the heat in the well. In most oil ?elds, the tem 
perature of the formation at a predetermined depth may 
be calculated by a rule of thumb in which one takes the 
surface temperature and adds to it between one and one 
and a half degrees for each 100 feet of depth that the well 
is drilled. vIt‘ a moderately strong bond strength between 
casing/ cement and cement/ borehole wall is obtained at a 
temperature elevated above normal, subsequent cooling 
will cause contraction that will damage or eliminate the 
bond. \Contrastingly, if the same bond strength is obtained 
at a temperature that is reduced below normal, subsequent 
warming will cause expansion that will substantially in 
crease the bond strength, this due to the physical char 
acteristics of the materials involved. Both pipe and the 
normal cementing material have thermal coe?icients of 
expansion (or contractions) that are in the order of 11/2 
to 5 times the coe?icient of a rock. 

In accordance with the well completion method of the 
present invention, a string of well casing is ?rst positioned 
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or suspended within a well borehole in a manner well 
known to the art, after which a quantity of sealing material 
is deposited in the space between the well casing and the 
wall of the well either by forcing it down the space, or 
by ?rst pumping it down the well casing and circulating it 
up the annular space outside the casing in a manner Well 
known to the art to a desired location. The sealing mate 
rial may be any of the well known cement mixtures or 
cement slurrys or liquid plastic materials which have a 
sufficiently slow setting time so that they will not set up 
in the time it takes them to be pumped down a well and 
into position at the temperatures encountered in the well 
to be sealed. Latex cement may also be used or any other 
well cementing combinations. The sealing material or ce 
ment slurry is allowed to stand undisturbed for a period 
suf?cient for the material to harden and bond to the outer 
surface of the well casing and the wall of the borehole 
thus ‘forming an e?icient water shutoff closure. 
For at least a major portion of the material hardening 

period, the portion of easing opposite the zone to be 
cemented and/ or the volume of cementing material itself 
are subjected to and/ or controlled in an abnormal condi 
tion or state such that when they are allowed to return 
to normal the casing will, in effect, be exerting an expan 
sion type force through the cement to the borehole wall, 
i.e., the conditions affecting the volume of the casing and 
the cementing material are controlled so that the cement 
ing material hardens ‘when the casing has an abnormally 
small diameter as compared to its diameter during subse 
quent periods under normal well conditions for that well 
at the depth of the cement bond. The ?nal result is a 
prestressed condition in the casing. 

Prestressing of a portion of the well casing or pipe string 
and the sealing material adjacent thereto may be accom~ 
plished by cooling the casing or material adjacent thereto to 
a temperature below that normally encountered during the 
normal well operations at the depth of the material. The 
necessary temperature control can be obtained in numer 
ous ways. For example, a precooled ?uid may be circu 
tlated down the well casing and up the annular space outside 
the casing to cool the casing and adjacent formation prior 
‘to introducing the cementing materials. Alternatively and/ 
or additionally, the cementing materials and displacing 
materials can be precooled at the surface before introduc— 
ing them into the well. Additionally, a heat-adsorbing 
material, such as ice, can be spotted in the portion of 
well casing that is surrounded by the cementing material. 
If desired, a cooling liquid can be circulated down the well 
casing and into contact with that portion of the casing 
opposite the cementing material in a manner well known 
to the art. In some installations it will be found feasible 
to simply pump the cementing and displacing materials 
into place at surface temperature and then swab out the 
displacing ?uid to a level adjacent the cementing material, 
relieving the casing of forces tending to expand it, and 
then dropping into the casing pellets of a low-melting solid 
material having a density greater than that of the displacing 
?uid. Where it is feasible to use oil or light hydrocarbons 
as a displacing ?uid, such pellets may be ordinary ice; 
where water is used as the displacing ?uid, the pellet can 
comprise the relatively ‘high density solids which are 
formed by freezing salt solutions, such as sodium or cal 
cium chloride. Where such low-melting solids are used, 
it may be desirable to control their effective life by insulat 
ing thermally by freezing porous materials, such as saw 
dust, fuller’s earth, or the like, impregnated with the 
liquids. 
Where it is feasible to use a light hydrocarbon as a 

displacing ?uid, this ?uid can be selected so that its prop— 
erties aid in both reducing the pressure within the casing 
and absorbing the heat generated during the setting of the 
cement. This is accomplished by selecting a normally liq 
uid hydrocarbon having a boiling point substantially equal 
to the formation temperature. When such a hydrocarbon 
is used as the displacing ?uid and the ?uid level is lowered 
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4 
to near the depth of the cementing material, or where a 
water-base displacing ?uid is used and then removed and 
portions of such a hydrocarbon are pumped into the por 
tion of the casing string adjacent to the cementing material, 
the heat generated by the setting of the cementing material 
is absorbed by the evaporation of the hydrocarbon. 

It has been found that by carrying out cementing oper 
ations at reduced temperatures, that there is less shrinkage 
separation between a cement and a well casing and be 
tween the cement and the adjacent formation, say lime 
stone, than there is at high temperatures. It may be seen 
that by either cooling the well casing and/ or cement dur 
ing the major portion of the material hardening period, 
and/ or by removing ?uid from inside the casing at a point 
adjacent the hardening material, that a better bond is 
formed between the cement and the well casing and be~ 
tween the cement and the formation. 
One form of the present invention is illustrated in FIG 

URES 1 and -2 of the drawing wherein a well casing head 
10 is illustrated as being positioned at the top of a well 
-11 in which a string of casing 1-2 is suspended, During 
cementing operations, which are carried out in a manner 
well known to the art, cement is circulated down the casin g 
string »12 followed by a cementing plug ‘13 which in turn 
is propelled downwardly by a follower ?uid 14 under 
pump pressure. As the cement is forced out of the bottom 
of the casing string 12, it rises in the annular space 15 out 
side the casing string. Thus, by the time the plug 13 
reaches the bottom of the casing string (FIGURE 2) the 
cement in the annulus 15 has been forced up to the desired 
level. In accordance with the present invention the fol 
lower ?uid 14 may be a cooling ?uid which may contain, 
for example, ice pellets, or the ice pellets ‘16 (FIGURE 2) 
may be dumped into the casing string 12 after the plug 
has reached the bottom of the string. The cooling ?uid 
with or without the ice pellets 16 preferably extends up 
wardly over the desired interval of the casing string that 
it is desired to pre-stress. 
We claim as‘ our invention: 
1. In well operations the method of sealing an elongated 

tubular member in a well borehole, said method compris 
ing - 

(a) positioning a string of pipe in a well, 

isting in a zone of the well to be sealed with a sealing 
material, 

(c) depositing a quantity of sealing material in the 
space between said pipe string and the wall of the well, 

(d) allowing said sealing material to stand undisturbed 
for a period suf?cient ‘for said material to harden and 
form a closure between the pipe string in the wall of 
the well, 

(2) prestressing the portion of pipe string adjacent said 
material for at least a major portion of the material 
hardening period, said prestressing step comprising 
controlling the temperature of said sealing material so 
thafdii’rin'g the conversion of said sealing material 
from a ?uid to a rigid solid the temperature thereof 

(b) determining the normal stabilized temperature ex“ 

l 
is maintained below the normal temperature of the ' 
well zone being sealed.\‘ 

2. The method of claim ‘1 wherein the cooling step com 
prises depositing a heat-absorbing material within said pipe 
string at a level opposite at least a major portion of Said 
sealing material outside said pipe string. 

3. In well operations the method of sealing an elongated 
tubular member in a well borehole, said method compris 
mg 

(a) positioning a string of pipe in a well, 
(b) depositing a quantity of sealing material in the 

space between said pipe string and the wall of the well 
at a predetermined level, 

(0) allowing said sealing material to stand undisturbed 
for a period su?'icient for said material to harden 
and form a closure between the pipe string and the 
wall of the well, and 
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