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P.O. Box 19236, Houston, Tex. 
Filied Nov. 14, 4963, Ser. No. 323,790 

8 Claims. (Cil. 16é-1269) 

This invention is directed to well tools and more par 
ticularly to a liner setting and crossover cementing tool. 

For safe completion of a well, such as an oil or gas 
well, it is generally necessary to cement strings of well 
casing, commonly called "liners' through various sections 
of the well bore, including the producing horizons, to effec 
tively seal-off the annular space between the liners and 
the wall of the well bore. Ordinarily, the upper end of 
the the liner will be anchored inside the lower end of a 
larger diameter, previously installed casing. In such op 
erations, it is essential that the cement, when set, forms a 
perfect pressure-tight seal betwen the liner and the well 
bore wall. However, it is not uncommon that the ce 
ment will not flow uniformly about the exterior of the 
liner, leaving voids through which pressure fluids can rise 
to the surface uncontrolled. Such defective cementing 
jobs may result from one or more of several condi 
tion arises from the conventional method of cementing 
the liner wherein the cement is pumped down the inside 
of the liner (in a measured quantity of sufficient voi 
lime), out of the bottom of the liner, and back up around 
its exterior through the annular space between the liner 
and the well bore wall. When the cement is being thus 
pumped into the important area between the liner and 
Well bore wall, the upward movement of the cement is 
opposed by gravity which tends to slow its movement and 
causes the cement to seek paths of least resistance. As a 
result, the cement will sometimes form channels which 
Spiral upwardly around the liner, leaving voids in the 
body of the cement. This type of channeling usually oc 
curs along the upper levels of the liner, the cement being 
usually well distributed about the liner adjacent the lower 
end thereof. 
Another common condition resulting in defective ce 

menting is the presence along the bore hole of a low 
pressure earth Zone or "thief sand.” When such a low 
pressure Zone is encountered in the drilling of a well, the 
Zone will often take the drilling mud due to the greater 
hydrostatic head of the drilling mud. Ordinarily, the 
Weight of the drilling mud is made greater than the aver 
age normal pressure gradient of the earth and this differ 
ence may be further increased if higher pressure zones 
are encountered in order to prevent blowouts. The re 
Sulting relatively high hydrostatic head of the drilling 
mud will cause the latter to be forced into such low-pres 
Sure Zones. In order to prevent this occurrence, starch, 
cellulosic and other Suitable materials are added to the 
mud to plug the low-pressure zones and form a cake 
on the Wall of the well bore intersecting the earth forma 
tions. 

However, before a liner can be cemented in the well 
bore, the wall cake must be scratched off in order that 
the cement may adhere directly to the wall of the well 
bore. Since the weight of the cementing fluids must be 
as high as that of the drilling muds in order to prevent 
blowouts, the low-pressure zone now exposed will take 
the cement and when circulation is stopped to allow 
the cement to set, part of the cement will drain into the 
low-pressure zone, leaving a channeled and generally de 
fective cement seal between the liner and the bore wall. 
To offset the difficulties such as those noted above 

in cementing liners, I have heretofore disclosed in nly 
copending application Serial No. 307,659, filed Septem 
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ber 9, 1963, an improved method and apparatus by 
means of which cementing is effected by what has been 
termed “down-flow” cementing, in which the cementing 
fluids are circulated from the inner cementing or operat 
ing string through a crossover head into the annular space 
between the Iiner and the well bore to flow downwardly 
through the annular space from a point adjacent the 
upper end of the liner and thence upwardly through the 
bore of the liner, from which it is by-passed around the 
down-flowing stream of cement to the exterior of the 
liner above the crossover head. An expansible packer, 
or other seal, is provided between the liner and the well 
bore wall between the points of entrance and exit of the 
cement. In addition, the previously described method 
employs means to seal-off the interior of the liner and in 
conjunction with the packer between the liner and the 
well bore, serves to relieve the body of cement from 
the pressures of overlying columns of fluid, both in the 
annulus and in the interior of the liner. 
The aforementioned application discloses both the 

method and one embodiment of liner setting and ce 
menting tool suitable for accomplishing the purposes of 
the invention. 
The present invention is directed to an improved ap 

paratus embodiment for accomplishing the same primary 
result, namely, down-flow or crossover cementing and 
sealing-off the body of cement from the pressure of super 
imposed fluid columns. 

Accordingly, it is a primary object of this invention to 
provide an improved cementing apapratus for obviating 
the difficulties such as previously enumerated, which are 
encountered in cementing liners in well bores. 
An important object is to provide an apparatus for 

effecting down-flow cementing and sealing-off of the 
annular space between the liner and the well bore and of 
the bore of the liner above the cement. 
An additional object is the provision of an apparatus 

including a retrievable liner-setting and cementing tool 
having a crossover head incorporated therein, by means 
of which cementing fluids are directed to the annular 
space between the liner and the well bore wall at a 
point adjacent the upper end of the liner and the return 
flow of cementing fluids moving upwardly through the 
liner is by-passed around the down-flowing stream to the 
annular space above the liner. 

Still another object is the provision of a liner cement 
ing apparatus which includes closure elements for clos 
ing off the bore of the liner against pressure in both direc 
tions. 

Still another object of this invention is to provide a 
liner setting and cementing tool of the character described 
which includes a liner hanger and packer assemblage 
for anchoring the liner to the surrounding casing and for 
Sealing off the annular space between the liner and the 
Surrounding well casing at a point adjacent the upper end 
of the liner. 

Still another object of this invention is to provide an 
apparatus of the general character described in which the 
running-in mandrel and crossover head may be retrieved 
for reuse. 

Other and more specific objects and advantages of this 
invention will become more readily apparent from the 
following detailed description when read in conjunction 
with the accompanying drawing which illustrates a useful 
embodiment in accordance with this invention. 

in the drawing: 
FIGS. 1A and 1B, together, constitute a longitudinal 

Sectional view of the tool in accordance with this inven 
tion, the parts being shown in the positions occupied when 
the device is being run into a weli bore; 

FIG. 2 is a cross-sectional view taken along line 2-2 
of FiG 1; 
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FIGS. 3A and 3B, together, constitute a longitudinal 
quarter-sectional view of the tool, showing the parts in 
the positions occupied upon completion of introduction 
of cement. 

FIG. 4 is a longitudinal quarter-sectional view of the 
upper end portion of the tool, showing the mandrel re 
leased from the liner; and 
FIGS. 5, 6 and 7 are fragmentary, longitudinal quarter 

sectional views showing the positions of the parts at Suc 
cessive stages in the operation of the tool. 

Referring to the drawing, the tool is shown inserted 
in a casing C already in place in a well bore, and to which 
smaller diameter pipe string, commonly called a "liner' 
is to be connected and cemented in place in the well bore 
through which the liner extends. The tool includes a 
tubular liner extension or setting sleeve, designated gen 
erally by the letter S, and consisting of an upper section 
10 threadedly connected to a lower section 1. The lat 
ter is provided at an intermediate point thereof with 
radial ports 12 and upper section 10 is provided at an 
intermediate point thereof with a plurality of radially ex 
tending ports 13. The lower end of lower section 11 
of the setting sleeve is provided with a threaded pin 14 
received in one end of an adapter sub 15, the lower end 
of which has a threaded pin 16 for connecting the setting 
sleeve to a liner L. A liner hanger and seal assembly, 
designated generally by the letter H, is mounted on the 
exterior of lower section 11 of the setting sleeve. The 
assembly includes a tubular slip cage 17 slidably disposed 
about the exterior of section 11, generally opposite ports 
12. The lower end of cage 17 is initially releasably 
secured by means of shear pins 18 to section 11 below 
ports 12. The upper end of cage 17 is provided internally 
with a downwardly facing shoulder 19 which is adapted 
to rest on an external shoulder 20 provided on the exte 
rior of section 11 just above ports 12 to limit downward 
movement of the slip cage relative to the setting sleeve. 
Seal packing 21-21, such as conventional O-rings, are 
mounted above and below ports 12 between the slip cage 
and the exterior of section 11. One of the seals 2 is 
mounted in the reduced diameter portion of cage 17, 
thereby creating an area difference and defining a pres 
sure cylinder. A series of conventional wedge pipe 
gripping slips 22 mounted on the resilient arms 23 are 
supported by the latter from the upper end of slip cage 
17. The slips are disposed about a downwardly and in 
wardly tapering slip expander cone 24 slidably mounted 
on the exterior of sleeve section 11 above the slips and 
initially secured to the sleeve section by means of the 
shear pins 25. As noted, cage 17 and seal packings 
21-21 define a pressure cylinder, which, in its initial 
position serves as a sleeve valve or cover for ports 12, 
and is adapted to be moved to the port-opening position 
by a combination of pressure fluid transmitted into the 
interior of the cage between the seal packings from ports 
12 which moves slips 22 to the pipe-gripping position and 
then by a subsequent downward movement of the tubing 
string. An annular expansible packing element 26, con 
structed of rubber-like material, is disposed about the 
exterior of sleeve section 11 with its lower end in abut 
ting engagement with slip cone 24 and having its upper 
end secured to an end compression ring 27 disposed about 
the exterior of sleeve section 1. The threaded connec 
tion between lower setting sleeve section 11 and upper 
sleeve section 10 defines a downwardly facing shoulder 
28 formed by the lower end of upper sleeve section 10 
and, as will appear subsequently, shoulder 28 will abut 
end ring 27 to apply axial compression to seal packer 26 
in sealing off the annular space A between the exterior of 
lower section sleeve 11 and the wall of casing C. 
A tubular mandrel or setting tool, designated generally 

by the letter M, is insertable into the bore of the setting 
sleeve and comprises an upper connector section 30 and 
a coaxial elongate lower section 31 which is rotatably 
inserted into the lower end of connector section 30 and 

O 

4 
secured thereto by means of a rotatable connection formed 
by a lock ring 3a seated in registering grooves 3b and 
3c in opposed surfaces of connector section 30 and 
lower Section 3, respectively. The upper end of con 
nector section 30 is externally threaded to be received 
in the lower end of a coupling 32 by which the mandrel 
and the tool as a whole may be connected to an operating 
String of tubing T, through which cementing fluids are 
circulated and by means of which the tool is operated. 
Connector section 30 is provided with an external, up 

Wardly facing shoulder 33 spaced below the lower end of 
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in the setting sleeve. 

coupling 32 and a bearing collar 34 is mounted about 
Section 30 between shoulder 33 and the lower end of 
coupling 32. Antifriction bearings, such as roller bear 
ings 35, are mounted between bearing collar 34 and the 
lower end of the coupling 32. Bearing collar 34 has a 
diameter such as to enable it to extend over the upper 
end of upper setting sleeve section 10 and to rest thereon. 
By means of the arrangement, including bearing collar 
34 rotatably supported on mandrel section 30, it will be 
seen that rotations of tubing T will rotate upper section 
30 of mandre M relative to lower section 3 and the 
setting sleeve. A connector nut 36 having external 
coarse threads 37, is splined at 36a to the exterior of 
mandrel section 30. Threads 37 are adapted to engage 
threads 38 formed on the interior of setting sleeve sec 
tion 10 at a point above upper ports 13. Threads 38 
run out into a smooth cylindrical surface 39 which ex 
tends to the upper end of setting sleeve section 10. The 
spline connection between nut 36 and mandrel section 30 
will constrain the nut to rise as the mandrel is rotated 
relative to the setting sleeve and will thereby be operable 
to release the mandrel from the setting sleeve when nut 
36 has cleared threads 38, as will appear in FIG. 4. Se 
cured to the lower end of mandrel section 31 is a cross 
over head, designated generally by the letter X, which 
includes a tubular body 40 coaxial with the mander sec 
tion and threadedly secured thereto at 41. The lower 
end of body 40 is threadedly connected at 42 into the 
internally threaded upper end of a tubular body extension 
53 coaxial with body 4 and mandrel section 31. Inter 
mediate its ends, body 40 is provided with laterally ex 
tending branch nipples 43 defining lateral passages 44 
which are disposed in registration with lower ports 12 

A tubular shell 45 concentrically 
surrounds crossover body 40 and is secured to the ends 
of branch nipples 43 closely adjacent the inner wall of 
setting sleeve section 11. Shell 45 has openings 46 regis 
tering with passage 44 and ports 12, so as to form there 
with continuous passages providing communication be 
tween the interior of the mandrel, via body 40, and the 
annular space A between the setting sleeve and casing C 
when ports 12 are open. Shell 45 is securely welded to 
the ends of branch nipples 43 to thereby form a unitary 
structure with the crossover head. Seal packing 47-47 
is mounted between the exterior of shell 45 and the inner 
wall of setting sleeve section 11 at points above and below 
openings 46. A snap ring groove 48 is provided in the 
bore wall of setting sleeve section 11 at a point just 
above the upper end of shell 45, for purposes to appear 
subsequently. An elongate sleeve valve 50 is initially 
secured to the lower end of shell 45 by means of shear 
pins 80 in close sliding engagement with the bore wall 
of lower setting sleeve section 11, and initially will be 
positioned below ports 12. As will appear Subsequently, 
sleeve valve 50 is adapted to be shifted to a position op 
posite ports 12 to close communication between the in 
terior of the setting sleeve and annular Space A. A Snap 
ring 79 is mounted in the exterior of sleeve valve 50 
near its upper end to be received in Snap ring groove 
48 to lock the sleeve valve in the port-closing position as 
will appear hereinafter. Longitudinally spaced Seal pack 
ings 5-51 are mounted in the exterior of sleeve valve 
50 to be positioned above and below ports 12 when the 
sleeve valve has been shifted to the closed position. 
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A tubular plug extension member 55 is slidably dis 
posed in the bore of body extension 53 and when fully 
inserted therein, as seen in FIG. 1B, abuts the lower end 
of body 40. For the purposes of this description, cross 
over body 40, body extension 53 and plug extension mem 
ber 55 are all treated as portions of mandrel M. The 
exterior of the upper portion of plug extension 55 is re 
duced slightly in diameter to define near the upper end 
thereof the downwardly facing shoulder 56. An abut 
ment ring 57 is seated in the inner wall of the lower end 
of body extension 53 to define the upwardly facing shoul 
der 58 adapted, during the course of operation of the 
device for purposes appearing herinafter, to abut shoul 
der 56. A seal ring 59 is mounted in the exterior of 
the upper end of plug extension 55 to seal with the 
bore wall of body extension 53. The lower end of body 
extension 53 is threadedly received in the upper end of 
a collar 60 which surrounds an enlarged diameter por 
tion 6 of the plug extension member. Portion 61 is 
provided with lateral upper circulation ports 62 com 
municating with the bore of the plug extension and are 
sealed-off by upper and lower seal rings 63-63 disposed 
between the collar 60 and the exterior of the plug ex 
tension above and below ports 62. Collar 60 thus forms 
a sleeve valve controlling circulation ports 62. Shear 
pins 64 initially secure collar 60 to plug extension 55 at 
a point below ports 62 in the closed position over ports 
62. A downwardly facing shoulder 55a is provided on 
the exterior of extension 55 below ports 62 for purposes 
to appear hereinafter. Plug extension 55 extends down 
wardly below collar 60 through the interior of the setting 
sleeve into the upper end of liner L, passing through a 
closure ring 65 threadedly mounted in the bore of sub 
15. Closure ring 65 has an axial opening 66 to slidably 
receive plug extension 55 and a seal packing 67 is 
mounted in opening 66 to seal about the exterior of plug 
extension 55. A snap ring groove 68 is provided in the 
wall of bore 66 below seal packing 67. Lower circu 
lation ports 69 are provided through the wall of plug 
extension 55, near the lower end thereof, and a tubular 
cap 70 is initially secured in the lower end of plug ex 
tension 55 by means of shear pins 71. The lower end 
of cap 78 is closed by a wall 72 and the cap is provided 
with a resilient snap ring 73 in its exterior a short dis 
tance above wall 72 and is adapted to be received in 
snap ring groove 68 during operation of the tool as will 
appear hereinafter. Ports 74 are provided through the 
side wall of cap 70 at a point above snap ring 73. The 
upper portion of plug extension 55 is provided with upper 
and lower longitudinally spaced plug seats 75 and 76, re 
spectively, for receiving closure plugs during the course 
of cementing, as will be described hereinafter, upper plug 
seat 75 being made larger in diameter than lower plug seat 
76 to allow passage of a smaller diameter plug through 
upper seat 75. 

Operation of the device is as follows: The tool, with 
the parts in the positions illustrated in FGS. 1A and 1B 
and secured to the liner L, will be run through casing C 
to the point at which it is desired to set the liner and 
cement it in place. It will be noted that with the parts 
in the positions illustrated in FGS. 1A and 1B, fluid being 
displaced in the well will be free to flow upwardly through 
annular space A, as well as through the liner L, and lower 
circulation ports 69 to the interior of the operating string 
and thence to the surface. Ports 2 will be closed by slip 
cage 17 and upper circulation ports 62 will be closed by 
collar 60. 

Circulation of cementing fluids will now be begun, being 
usually preceded by mud or other fluid which is separated 
from the body of cement by a first closure plug P1, 
shown in broken lines in FIG. 1B, of a generally conven 
tional form well known in the cementing art. As the 
pre-cementing fluids flow downwardly ahead of the body 
of cement, they will flow through the interior of the man 
drel and its plug extension thence out through lower 
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circulation ports 69 into the interior of the liner, and 
thence out of the bottom of the liner up through annular 
space A back to the surface. When plug P1, which im 
mediately precedes the cement, seats on lower seat 76, 
pressure may be applied to the body of cement by pumps 
at the surface. This pressure acting on plug P will 
break shear pins 64, forcing plug extension 55 down 
wardly relative to body extension 53 until shoulder 55a 
engages closure ring 65 (FIG. 3B). This will move up 
per circulation port 62 below seals 63, thereby com 
municating the interior of the mandrel extension with the 
annular space between the setting sleeve and the mandrel 
above closure ring 65. This position is shown in FIG. 3B. 
With the bore of the mandrel thus closed by plug P, the 
hydraulic pressure exerted by the cement by virtue of 
the pumps at the surface, will act through passages 44, 
openings 46, and ports 12 on shoulder. 19 in the slip cage. 
As the pressure-active area, represented by shoulder 19, 
is greater than any other section of the slip cage, the re 
Sulting unbalance in pressure will act upwardly on 
shoulder 19 with sufficient force to break shear pins 18 
(FIG. 3B) and move slip cage 17 with its supported slips 
22 upwardly over expander cone 24 until slips 22 grip 
pingly engage the wall of casing C (FIG. 3A). When 
this occurs, the operating string can be lowered and since 
the cone is held by the set slips, the downward move 
ment will apply pressure sufficient to break shear pins 
25, allowing the string to move downwardly until shoulder 
28 engages end ring 27 on the seal packer, axially con 
pressing and expanding the latter to form a fluid-tight 
seal between setting sleeve 11 and casing C, thereby seal 
ing off annular space A adjacent the upper end of the 
liner while opening ports 12. With ports 12 thus opened, 
the cement will now be forced through passages 44, open 
ings 46, and ports 12 into annular space A and will be 
then caused to flow downwardly from about the upper 
end of the liner to its lower end, and thence upwardly 
through the bore of the liner. Near the upper end of the 
liner, the cementing fluids preceding and being displaced 
by the cement will flow through lower circulation ports 
69 into the bore of plug extension 55 and thence out 
through upper circulation ports 62 into the annular space 
between the mandrei and the setting sleeve. This flow 
will continue upwardly through the annular space between 
sleeve valve 50 and the exterior of body extension 53 and 
will bypass around the down-flowing streams flowing 
through passages 44 from the interior of crossover body 
49, and will then flow upwardly through the annular space 
between the mandrel and the setting sleeve and out 
through ports 13 into the annular space above the set 
sea. 25. The positions of the parts during the cementing 
operation are shown in FIGS. 3A and 3B. The body of 
the cement will be followed by a second plug P2, slightly 
larger in diameter than plug P1, and which is adapted to 
seat on upper seat 75. Plug P is also of a generally con 
ventional form having a length sufficient to span passages 
44 and seal off the bore of the crossover body above pas 
sages 44, as appears in FIG. 3B. Seating of this plug 
and sealing off crossover passages 44 will be indicated to 
the operator at the surface by the rise in pressure of the 
cement circulating pumps and will thus indicate that the 
placing of the cement has been completed. 
The operating string will next be rotated to the right 

to release connector nut 36 (FIG. 4) and thereby allow 
the mandrel, with its attached elements, to be drawn up 
wardly. The latter include crossover head 40, shell 45, 
body extension 53, and sleeve valve 50. These parts will 
move upwardly until shoulder ring 57 carried by the lower 
end of body extension 53 strikes shoulder 56 (FIG. 5). 
At this point, sleeve valve 50 will have been shifted to 
the position closing ports 12 and cutting off communica 
tion between the interior of the mandrel and annular 
space A. Snap ring 79 will latch into groove 48, locking 
the sleeve valve in the closed position. At this stage, 

75 with extension sleeve 55 resting on ring 65, and with the 
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ports 12 closed, the upward movement of the operating 
string relative to plug extension 55 has moved ports 44 
above the upper end of plug P and also the upper seal 47 
on shell 45 has moved adjacent a counterbore in setting 
sleeve 11 so that circulation may be begun in either direc 
tion between the interior of the operating string and an 
nulus A to wash any excess cement above the plugs P1 
and P2. If fluid is circulated down through the operating 
string, it will flow out through passages 44 and openings 
46 into the annular space between the mandrel and the 
setting sleeve, and thence to the surface through annulus 
A and through ports 13 into casing C. If desired, re 
verse circulation can be effected by pumping down through 
casing C, thence through ports 13 and into the annular 
space between the setting sleeve and the mandrel, and 
thence back through openings 46 and passages 44 into 
the bore of the mandrel above plug Pa, whence the fluid 
may return to the surface. 
When washing has been completed, additional upward 

pull may be taken on the operating string sufficient to 
break shear pins 80, thereby releasing the crossover head 
and shell 45 from its connection to sleeve valve 50 (FIG. 
6). This will leave ports 12 closed-off at their inner 
ends by sleeve valve 50 but will allow plug extension 55 
to be drawn upwardly until the upper end of cap 70 is 
drawn into bore 66 of closure ring 65 and snap ring 73 
is received in snap ring groove 68 of the closure ring. 
Ports 74 will be moved above seal packing 67 and cap 70 
will thus effectively close off the bore of the setting sleeve. 
When Snap ring 74 has been seated in groove 68 a shoulder 
on the lower end of cap 70 will abut the lower end of ring 
65 and continued upward pull on the operating string will 
break shear pins 71, releasing plug extension 55 from cap 
70 and thereby releasing the entire operating string and 
crossover elements for withdrawal from the well. 
The closure of the bore of the setting sleeve by means 

of cap 70 and of ports 12 by sleeve valve 50 (FIG. 7), 
will close off the body of cement from application of any 
hydrostatic heads of fluid present in the interior of the 
liner and the operating pipe string above the cement, 
while the seal formed by packer 26 between the setting 
sleeve and casing C will effectively seal off annulus A 
above the body of cement, thereby relieving the cement 
from all hydrostatic heads which otherwise would tend 
to exert undue pressure on the body of cement and force it 
into low pressure zones before it could harden and 
set up. After the cement has thoroughly hardened, if 
it is desired to drill the hole deeper, sleeve valve 50, 
closure ring 65, and cap 70 which are made of drillable 
material, may be drilled out. 

It will be understood that various changes and modi 
fications may be made in the details of the illustrative 
embodiments within the scope of the appended claims 
but without departing from the spirit of this invention. 
What I claim and desire to secure by Letters Patent is: 
1. A liner setting and cementing tool, for wells, com 

prising, a tubular setting sleeve connectible to a liner in 
Sertable in a well, a tubular mandrel connectible to an 
operating pipe string and insertable in said setting sleeve, 
connector means securing the mandrel to the setting sleeve 
operable by rotation of the mandrel relative to the setting 
sleeve to release the mandrel, a liner hanger slidably 
mounted on the exterior of the setting sleeve and actuata 
ble by fluid pressure transmitted from the operating pipe 
string to anchor the setting sleeve to the surrounding wall 
of a well casing, annular packer means mounted about the 
setting sleeve and cooperating with the hanger to seal 
off the annular space between the setting sleeve and the 
well casing in response to downward movement of the 
setting sleeve relative to the hanger, port means through 
the wall of the setting sleeve below the packer means, a 
crossover head mounted on the mandrel having radial 
passages initially positioned to communicate the bore of 
the mandrel with said port means, and having longitudinal 
passages by-passing said radial passages providing com 
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8 
munication between the portions of the bore of the set 
ting sleeve above and below the crossover head, first plug 
means insertable through the bore of the mandrel and 
constructed to plug said bore at a point below said 
radial passages whereby to direct pressure fluid through 
said passages and said port means to actuate said hanger, 
sleeve valve means secured to the crossover head below 
said radial passages shiftable by upward movement of 
the mandrel relative to the setting sleeve to close-off 
said port means, a closure member mounted in the set 
ting sleeve below said port means and having an axial 
opening therein to receive the lower end of the mandrel 
in slidable sealing engagement, and a cap member clos 
ing the lower end of the mandrel. 

2. A liner setting and cementing tool according to claim 
1, wherein said liner hanger includes a tubular cage mem 
ber carrying means defining a pressure cylinder slidably 
surrounding said setting sleeve and initially covering said 
port means. . - 

3. A liner setting and cementing tool according to claim 
1. have circulation ports through the wall of said setting 
sleeve at points above the packer means. 

4. A liner setting and cementing tool according to claim 
1, having second plug means receivable in the bore of 
the mandrel above the first plug means to close off com 
munication between the mandrel and said radial passages. 

5. A liner setting and cementing tool for wells, com 
prising, a tubular setting sleeve connectible to a liner 
for a well bore, a fluid pressure-actuable liner hanger 
slidably mounted on the exterior of the setting sleeve for 
anchoring the same to the wall of a well casing in re 
Sponse to relative longitudinal movement between the 
hanger and the setting sleeve, a packer member mounted 
about the setting sleeve above the hanger expansible by 
downward longitudinal movement of the setting sleeve 
relative to the liner hanger to seal off the annular space 
between the setting sleeve and the casing, longitudinally 
spaced upper and lower port means through the wall of 
the setting sleeve respectively above and below said packer 
member, a tubular mandrel removably insertable in the 
bore of the setting sleeve and connectible at its upper 
end to an operating pipe string, screw means connecting 
the mandrel to the setting sleeve releasable by rotation 
of the mandrel relative to the setting sleeve, a crossover 
head mounted on the mandrel having lateral passages 
extending between the mandrel and the setting sleeve 
initially positioned to register with said lower port means, 
sleeve valve means initially secured to the crossover head 
below said lateral passages shiftable by upward movement 
of the mandrel relative to the setting sleeve to close off 
said lower port means, means releasably connecting the 
sleeve valve means to the crossover head, said crossover 
head being releasable from said sleeve valve means after 
the latter has attained said port-closing position by con 
tinuation of said upward movement of the mandrel, said 
mandrel having a downward extension below the cross 
over head, lower and upper plug seats in the mandrel 
extension below said lateral passages adapted to succes 
sively receive plugs for closing the bore of the mandrel 
below and above said lateral passages, a closure member 
member mounted in the bore of the setting sleeve below 
said lower port means and having an axial opening to 
receive said extension and cooperating therewith to close 
off the bore of the setting sleeve, and a cap member 
closing the lower end of the mandrel extension. 

6. A liner setting and cementing tool according to claim 
5 wherein said liner hanger includes a tubular cage mem 
ber carrying means defining a pressure cylinder slidably 
surrounding said setting sleeve and initially covering said 
lower port means, said cyliner being longitudinally mov 
able relative to the setting sleeve in response to fluid 
pressure transmitted thereto through said lower port 
CalS. 

7. A liner setting and cementing tool according to claim 
5 wherein said mandrel extension is telescopically disposed 
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in the lower end of the mandrel and is initially secured 
thereto in a retracted relation by connection means re 
leasable in response to fluid pressure from the interior 
of the mandrel. 

8. A liner setting and cementing tool according to claim 
5 wherein said cap member is receivable in said opening in 
response to upward movement of said mandrel exten 
sion relative to said closure member, said closure mem 
ber and said cap member having cooperating means for 
locking said cap member to said closure member, and 
said cap member having a releasable connection to said 
mandrel extension operable to release said extension from 

0 
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the cap member following locking engagement of the cap 
member with the closure member. 
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