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‘ 6 ‘Claims,
1

‘The present 'invenition relates to a process for
cementing ‘wells. More particularly, the irven-
‘tion Teldtes ‘to a ‘miethod for squieezing cement
irom ‘a ‘well bore into & formation adjacent
‘thereto.

"The present inverition may be described briefly
‘as Mvolving 4 method for cementing a well in
‘which ‘a 'body of & cementitious material is lo-
cated dn @ well oré adjacent a formation to e
sealed. A shock wave or waves is then generated
In “the ‘body ‘of the cementitious material Which
Tesults inthe cemerititious material being forced
Into ‘the ‘producitig forination, the effect of the
high pressure shock wave or waves being to de-
hydrate tapidly the cementitious material when
a hydraulic cement is employed and to-cause sub-
stantidlly a ‘flash setting thereof.

_ 'The 'shiock wave employed in the practice of
the ‘present invention may be generated by dis-
‘charging o high ‘explosive inl ‘the well bore at a
‘point abéve the formation to be sealed. Usually
‘the'high explosive will be detonsted or dischargéd
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‘When ‘in the ‘ody of the cementitious material

itself it it is contemplated that the explosive
may Be placed in g ‘fuld ‘medis including fiuid
cementitious material ‘In short, it is contern-
‘Dlated that the body of fiviid cementitious ma-
Yerial may be located ‘adjacent the producing
formation and the well substantially completely
filled with' a fluid media such gs drilling fluid
‘which may be'a suspension of solids in an aqueous
‘or -oity ‘media.

‘We prefer to generate a ‘high ‘pressure ‘shock
wave in the well ‘bore by detonating 4 high ex-
Plosive in the ‘cementitious body above the point
‘to be sealed ‘or in the well fluids above the for-
mation to be sealed. The high explosive may
be of ‘any ‘type, such as pentolite; tetryl, TNT
and other well known 'High ‘explosives and may
e augmented by any suitably chosen booster
‘explosive ‘material. For example, tetryl ‘could
beused #is a-suitdble booster for pentolite, since

tetryl is'more setisitive to' shock than‘is pentolite.

Farthermore, ‘We vrefer to employ the hich ex-
plosive wsed to generate the shock wave in the
form' of ‘a shaped eharge such as is well known
in ‘which @ cone-shaped cavity with the base
open is provided ‘ih: the high explosive. "The
cone-shaped cavity i suitably forthed by ermploy-
ing 4 conical Shiped wall to confite the lower

25

30

35

40

45

‘ih lieu '6f hydraulic cement.

2

‘vortion-of the high explosive. "The type of appa-
ratis'to be employed when using shaped Charges
will be described in further detail hereinafter.

“The cémeéntitious miaterial employed in the
practice 6f the present invention may stuitably
‘bea hydratlic cemetit, such as Portland cement,
either of the normal type or slow §étting cement,
"The Hydraulic cement may also be an anhydrous
Bypsumn cement such as the type Khown on the

‘mdrket as Cal-Seal. The cémentitious materidl

‘may ‘also be a thermosétting plastic, such as a

‘Tesitous matérial of the phenol-formaldehyde

‘type. ‘Other thermosétting plastic materials such

‘dgs urea~formaldelydes and mélamine-formalde-

hydes tay be used as the cementitious material
( Ordinarily, how-
ever, we will prefér to use a hydratlic cemerit
rather than a thermosetting plastic ‘but some
‘eoriditions will nake the use of the latter prefer-
gble ’

In practicing the present inveation the desired
‘cementitiolls material, such ag thermosetting
plastic or cement, wolld be placed in the well
at ‘a proper ‘depth to ‘cover the drea to be sealed
‘with “a ‘sufficient quantity ‘of material employed
to eredte ‘an “excess of sealing material “standing
“above ‘the area to be sedled. Sealing materials
‘may be placed By cotiventionial techniques, such
‘a8 By use of ‘a dump bailer or circulation. 'The
‘containet ‘or todl in which ‘thie “high ‘explosive is
‘arranged or 'in which ‘the material used to gen-
‘erate ‘the shock wave'is employed wouild then be
Tun ‘onpipe or on'a wire line to a point within
the ‘bore ‘above ‘the ‘top 6f the sealing materigl,
‘Subsequent ‘detonation or ‘discharge of the ex-
'plosive ‘¢¥eates high pressure gases resulting in a
‘shock wave which ‘forces the sealing materidl ‘in
'the formation “or ‘through perforations when ‘a
cased ‘well 'bore is ‘treated.

As nientioned before, ‘it ‘is préferred ‘to use sz
shaped ‘charge in generating the ‘High pressure
‘sheck wave since the’shaped charge has the par-
‘ticular ‘advantage of ‘a directional “explosion by
positioning the tool ¢ontaining the shaped charge
-abiove ‘the:area to b cemerited. ‘All of ‘the high
‘Pressure: gases ‘generated ‘Wby detonation are di-
rected downwardly in the well bore thus causing
‘témporary ‘confinemhent and compression of ‘the
‘séalitg ‘material below ‘the tool from ‘which the

50 ‘sedling ‘material -of ‘cementitious material -could



2,689,008

3
only escape into the permeable earth formations
or through the casing or liner perforation open-
ings.

Furthermore the use of a hydraulic cement
for a sealing material enhances the advantages
of the explosive squeeze tool of the present in-
vention because the high pressures generated by
detonation of an explosive charge causes dehy-
dration of the cement adjacent to the formation
as well as forcing the cement into the formation
or casing perforations. Effective dehydration
by high pressure gases from an explosion results
in an effective ‘seal because dehydration is ac-
complished in a substantially faster operation
than ordinarily by virtue of the pressure gen-
erated by the high explosive being detonated in
the well bore resulting in a shock wave therein.

The invention will be further illustrated by
reference to the drawing in which

Fig. 1 shows an arrangement of apparatus in
a perforated cased well bore with a body of fluid
cementitious material arranged therein prior to
the generation of the high pressure shock wave;

Fig. 2 is a detail of apparatus employed for
generating a shock wave in the well bore;

Fig., 3 shows an arrangement of apparatus
prior to shooting in a permanent type well com-~
pletion arrangement; and

Fig. 4 shows the condition of a well after
detonation of a high explosive therein and gen-
eration of a shock wave in the fluid cementi-
tious material.

Referring now to the drawing in which similar
numerals will be employed to designate identical
parts, numeral {1 designates a cased well bore
which has been cemented by setting of cement
around the casing as indicated by numeral 12.
The cased well bore penetrates a producing
formation 13 which it is desired to seal and
which has been perforated by a suitable gun
perforator. As will be seen the casing If has
been perforated at a plurality of points indi-
cated generally by numeral 14.

Arranged in the ecasing i by conventional
well-known techniques, such as by circulation
or by a dump hailer, is a body of fluid cemen-
titious material 15. Above the body of fluid
cementitious material and extending substan-
tially to the well head substantially completely
filling the well is a body of a fluid medium (6
which may be a drilling fluid either of an aque-
ous or an oily base. Suspended from the well
head, not shown, by a wire line or an electric
cable 17 is a container or tool {8 which is shown
more clearly in Fig. 2. This container or tool 18
may have arranged therein a high explosive.
A high explosive 19 is a shaped charge and is
confined in tool i8 by a conical wall member 20
constructed of a suitable material which may be
a ferrous or non-ferrous metal. The function
and use of shaped charges are well known and
further details of the jetting, exploding action
thereof will not be given here since a discussion
thereof will be found in the literature such as
in the patent to Muskat et al., 2,494,256, The
tool 18 is suspended by means of wire line 1
which may suitably be an electrical cable which
acts as a suspending means and also as means
for providing electrical energy to detonator 21
which may be of a well known type which serves
to fire electrically the high explosive 19 in the
tool 18.

Referring now to Fig. 3, it will be seen that the
casing |1 has been cemented by cement 12 in the
well bore and that a plurality of perforations 14
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have been formed in ecasing fl by a gun perfo-
rator as is well known. Similarly, as in Fig. 1,
a body of cementitious material 15 has been
arranged in the casing Il and a container or
explosive tool |8 lowered down the well bore from
the well head 25 as will be described further.
Tn this embodiment of our invention a tubing 26
is arranged in the well bore above a formation
13 which is to be sealed or cemented.

The wire line or electric cable 171 extends to
the well head 25 through the usual valve equip-
ment and control apparatus indicated generally
as 28. Arransed above the control. apparatus
23 and above the T connection 29 which con-
nects to the tubing 26 is a pipe 30 provided with
a stuffing box 31 through which the wire line or
cable 17 extends to reel or drum 32 which suit-
ably may be arranged in a service truck 33. Con-
nections 34 to tubing 26 allow the well fluid such
as crude petroleum to be routed therethrough
to gas separator 35 and lease tank 38.

Referring now to Fig. 4, the condition of the
cased well bore || immediately after the shoot-
ing is shown. The shaped charge 19 in the tool
18 has been detonated-which caused generation
of a high pressure shock wave in a body of ce-
mentitious material i5 which caused the ce-
mentitious material i§ to be forced out through
the perforations {4 into the producing forma-
tion 13 as indicated generally by numeral &0
causing a substantial sealing of the formation
{3 from the formation 271. The tool 18, if it has
not been destroyed by the rapid generation of
gases, may then be refrieved by reeling up the
wire line or removal of cable 1T on drum 32.

The mode of operation of the apparatus illus-
trated in Figs. 1 to 4 is substantially as follows:

As mentioned before the body of cementitious
material is located in the well bore adjacent the
formation or in the region of or adjacent the per-
forations to be sealed. A tool or container con-
taining a high explosive or a material which will
generate a high pressure shock wave is then
lowered into the well bore on a wire line or elec-
tric cable. The high explosive is then discharged
and the material which.is used to generate the
shock wave is caused to expand to generate gases
as has been described before to cause rupture of
the container. Assuming that a high explosive
shaped charge is employed gases are rapidly gen~
erated which causes rapid dehydration and forec-
ing of the cement into a producing formation to
be sealed or through perforations into a forma-
tion to be sealed. The rapid expansion of gases
serves to lift the column of drilling fluid in the
well bore above the point where the explosive is
discharged, causing displacement of a portion of
the drilling fluid from the well bore. The amount
displaced is not large, however, and the remainder
of the drilling fluid in the well then drops back
and exerts 2 hammer effect on the cement in the
well bore and that which has been displaced into
the formation treated. In effect then, a dual ac-
tion is obtained in our invention: the high pres-
sure shock wave serves to displace the cement
into the formation and dehydrate same in place
and the hammer of the descending column of well
fluid causes further squeezing of cement, insur-
ing complete filling of voids and crevices. There-
after the tool employed to cause rapid setting of
the cement or cementitious material is then with-
drawn. The well treated, as described, may then
be further serviced or operated. . C

As seen from the foregoing: description taken
with the drawing the invention.is not limited to
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cementihg in cased boreholés but may suitably
e used in: an- open. borehole. - I is possible.in
aceordatice: with: the practice of our invertion to
generate: & high- pressure shock ‘wave in' cemen-

titious material--of ‘the types mentioneq before .

which will cause rapld settmg of the cementitious
madteria] in the perforations or in the formation.
This rapid- setting of the cementitious material
leaves the excess: of” tlie: cementitious material
in: the well bore: in:a fluid. condition. It.may be
desirable to remove. such excess fluid cementitious
ma.terlal which: may be: done by conventional
means, such as by bailing or by circulation.

The invention is also susceptible to obtaining
very tight seals in formations which it is desired
to seal off from the well bore. For example, by
virtue of the high pressure shock waves the ce-
mentitious material when the pressure of the
shock wave is sufficiently great and the perme-
ability of the earth formation is sufficiently high
causes displacement of cement into the forma-
tion. This may be in the form of filling pore
voids a relatively short distance from the well
bore. It is specifically contemplated that the
high pressure shock wave may cause hydraulic
fracturing of the formation along formation bed-
ding planes or native formation fractures result-
ing in the cement being displaced a considerable
distance from the well bore by the high pressure
shock wave,

In the detonation of h1gh explosives in accord-
ance with the present invention in a well bore
to cause cementing in perforations or formations,
the detonation of the high explosive generating
high pressure gases in the cementitious material
will initiate a shock wave therein. This wave
moves sealing material or cementitious material
into any available openings, such as perforations
or pore voids in the face of permeable formations
where the desired sealing or cementing is to be
effected. Since the cementing material has pre-
viously been located over the interval of the for-
mation to be cemented or sealed the effect of the
shock wave is to insure complete filling of open-
ings by pressure differential or squeeze from the
well bore to the formation.

The present invention is not to be limited to
the particular examples which are given by way
of illustration and not by way of limitation. For
example, a plurality of shots may be desirable
where it is desired to seal or cement a plurality
of formations or to discharge high explosives in
sequence to cause build up or setting of layers
of cementitious material in perforations or in
formations. For example, a plurality of tools,
such as shown in Fig. 2, may be spaced at inter-
vals along wire line 1T and each of the tools
containing a high explosive may be detonated in
sequence with the lower being exploded first and
the subsequent charges being exploded sequen-
‘tially going up the well bore.

The invention may be used in building up de-
sired seals or used in cementing operations in
stages where fracturing occurs easily in forma-
tions of great permeability. The invention may
also be used in building up a sheath around a
well bore thereby plugging formation voids, frac-
tures, and crevices in combatting lost returns in
drilling operations.

It may be seen from the foregoing description
that the invention is broadly directed to locating
8 body of cement in a well bore and generating
in said body of cement a shock wave which causes
dehydration of the cementitious material and
setting of the cement in bore voids and crevices
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-adjacent: to the well bore,

It is; therefore; in-
tended: that. the: mventlon is: broadly du'ected to
such-operations;.

The: nature and! obJects of the present inven-
tion having been-completely: described and illus-
trated, what we: wish. to claim as new and useful
and to secure by Letters Patent is:

1. A method'for-cementing a well' having-e per-
forated casing; thierein: which comprises locating
a body of hydraulic cementitious material in said
perforated casing in the region of, and adjacent
said perforations, locating a high explosive deto-
nating. charge in the body of. cementitious. ma-
terial, and discharging said charge and. foreing
at least a portion of said cementitious material
through the perforations, thereby dehydrating
and setting said portion of cementitious material
to seal the perforations.

2. A method for cementing a well having a per-
forated casing therein which comprises locating
a body of hydraulic cementitious material in said
perforated casing in the region of and adjacent
said perforations, locating a high explosive det-
onating charge in the body of cementitious ma-
terial, discharging said charge and forcing at
least a portion of said cementitious material
through the perforations, thereby dehydrating
and setting said portion of cementitious mate-
rial to seal the perforations, and removing excess
remaining cementitious material from said cas-
ing affer discharging said charge and before said
excess cement has set.

. 3. A method for cementing a well having a
perforated casing therein which comprises locat-
ing a body of fluid hydraulic cementitious mate-
rial in said perforated casing in the region of
and adjacent said perforations, locating a down-
wardly directed high explosive detonating charge
in the body of cementitious material, discharg-
ing said charge and forcing at least a portion of
said cementitious material through the perfora-
tions, thereby dehydrating and setting said por-
tion of cementitious material to seal the perfo-
rations.

4. A method in accordance with claim 3 in
which the downwardly directed explosive charge
is a shaped charge.

5. A method for cementing a well having a
perforated casing therein which comprises locat~
ing a body of fluid hydraulic cementitious mate-
rial in said perforated casing in the region of
and adjacent said perforations, locating a high
explosive detonating shaped charge in said body
of cementitious material above said perforations,
discharging said charge and forcing at least a
portion of said cementitious material through the
perforations, thereby dehydrating and setting
said portion of cementitious material to seal the

- perforations and removing excess fluid cemen-

titious material from said casing after discharg-
ing said charge.

6. A method for cementing a well having a per-
forated casing therein in which a column of fluid
media is arranged substantially filling said well
which comprises locating a body of fluid hy-
draulic cementitious material in said perforated
casing in the region of and adjacent said perfo-
rations below the column of fluid media, locating
a downwardly directed high explosive detonating
shaped charge in the body of cementitious mate-
rial above said perforations, discharging said
charge and forcing at least a portion of said
cementitious material through the perforations,
the discharge of said charge lifting the column
of fluid media in said well and then dropping
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same on said cementitious material, thereby de-
hydrating and setting said portion of said .ce-
mentitious material to seal the perforations, and
then removing excess remaining fluid cementi-
tious material from said casing after said fluid
media has been lifted and dropped.
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