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7 Claims. (C. 166-131) 

This invention relates to well packers and particularly 
to well packers for use in controlling leaks in the casing 
of high-pressure gas wells. 

In the drilling of oil and gas wells where the drill pene 
trates high-pressure gas zones, a leak will frequently oc 
cure in the casing above the drilling Zone through which 
gas will escape. Where the cementing of the casing is de 
fective, a common condition particularly near the surface, 
the gas will leak through the cement outside the casing 
and create a dangerous potential blowout condition. In 
these situations, particularly where the casing is bad, it 
is usually desirable to kill the well rather than risk an 
uncontrollable blowout with the serious danger of a dis 
astrous fire. 
To kill the well, a packer is lowered into the well bore 

on a string of pipe and set between the leak and the high 
pressure zone, after which cement or heavy mud is 
pumped into the producing zone to kill it or control the 
flow of gas therefrom. Thereafter, the packer is moved 
above the leak in the casing and cement is squeezed 
through the leak to seal it off. 

Packers of conventional design are generally not suit 
able for use under the conditions present in wells of the 
kind mentioned because the flow of high-pressure gas 
through the usually very narrow annulus between the 
packer and the casing wall, as the packer is lowered into 
the well, develops such high velocities that the seal ele 
ments of the packer will be severely eroded or otherwise 
damaged to a degree destroying its usefulness as a seal. 
Further, if the leak occurs during drilling, it is desirable 
to pull up only enough of the drill pipe so that when a 
packer is mounted thereon and run back into the well, it 
will be below the leak, and thereby leaving as much drill 
pipe as possible in the well. It is necessary, therefore, 
that the packer be able to carry a long heavy string of 
drill pipe suspended from it and still be capable of actu 
ation when it has been lowered to the setting position. 

It is a primary object of this invention, therefore, to 
provide packer means particularly adapted for use in con 
trolling high-pressure wells in order to seal off casing 
leaks which occur during drilling or running of pipe into 
the well. 

It is an important object of this invention to provide a 
form of packer in which the seal element will not be sub 
ject to the destructive or erosive effect of high-pressure 
gas flow past the packer. 
A further object is the provision of a screw-set type 

packer for controlling high-pressure flows and having 
means for supporting long heavy strings of pipe suspended 
therefrom. 

Still another object is to provide a screw-set packer 
having valved by-pass means therein for transmitting 
high pressure flows of gas through the packer without 
damage to the seal elements. 

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

FIGS. 1A and 1B, together, constitute a longitudinal 
quarter-Sectional view of the packer in accordance with 
this invention, showing the parts in the unset condition 
during running of the packer into a well bore; 

FIGS. 2A and 2B, together, comprise a view similar to 
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2 
FIGS. 1A and 1B, showing the packer parts in the set 
position; 

FIGS. 3, 4 and 5 are cross-sectional views taken gener 
ally along line 3-3, 4-4 and 5-5, respectively, of 
FIG. 1B: 
FIG. 6 is a cross-sectional view taken generally along 

line 6-6 of FIG. 2B; 
FIG. 7 is a generally diagrammatic view, showing the 

packer mounted on a rotary drill string in the process of 
being lowered into a well to seal-off a leak in the casing 
of the well; 
FIG. 8 is a view similar to FIG. 7, showing the packer 

set between the leak in the casing and the high pressure 
formation, the latter being shown after cementing to kill 
the flow therefrom; and 

FIG. 9 is a view similar to FIGS. 7 and 8, showing the 
packer moved to a position above the leak in the casing 
and cement placed to seal the leak. 

Referring to the drawing, the packer structure is made 
up of several sub-assemblies comprising a by-pass valve 
assembly, designated generally by the letter V, secured to 
the upper end of a packer, designated generally by the 
letter P, and an anchor assembly, designated generally 
by the letter A, secured to the lower end of the packer assembly. 

Valve assembly V comprises an elongate sleeve valve 
10, having an axial bore 10a and provided with a threaded 
upper end 11 for threaded attachment to a section of drill 
pipe or tubing T, depending upon the nature of the oper 
ating pipe string upon which the packer is to be run. 
The lower end of valve 10 is likewise provided with a 
threaded connection 12 for threaded reception in the 
socket 13 of a bearing collar 14. Sleeve valve 10 is pro 
vided with a plurality of radial ports 15 near its upper 
end and the valve is slidably enclosed by a valve housing 
16 provided with longitudinally spaced packings 17 and 
18 Sealing with the exterior of sleeve valve 10. As seen 
in FIG. 1A, valve ports 15 are elevated above the upper 
end of valve housing 16 and the valve is, therefore, in the open position. 
In the closed position, ports 15 will be positioned be 

tween packings 17 and 18 and sealed-off thereby, as illus 
trated in FIG. 2A. A valve actuating sleeve 19 is secured 
to the lower end of housing 16 and is threadedly engaged 
with a section of external threads 20 provided on the ex 
terior of valve 10 intermediate ports 15 and the lower end 
of the valve. Thus, by relative rotation between housing 
16 and valve 10 relative longitudinal movement will be 
produced by which ports 15 will be moved between open 
and closed positions with respect to packings 17 and 18 
in the housing. 
An elongate drive collar 21 is mounted about the 

exterior of drive sleeve 19 and valve 10 below housing 16 
and is provided with an internally extending annular 
shoulder 22 which is spaced from the upper end of bear 
ing collar 14. An antifriction bearing 23, of any suitable 
design, is disposed between the lower face of shoulder 22 
and the upper end of bearing collar 14. A spline con 
nection is provided between drive collar 21 and drive 
sleeve 19 and comprises longitudinal spline grooves 25 
in the bore of drive collar 21 above shoulder 22 and co 
operating longitudinal splines 26 formed on the exterior 
of sleeve 19. One or more shear pins 27 extend through 
drive collar 21 into bearing collar 14 to intially secure 
these parts against relative movement, thereby initially se 
curing valve 10 and drive sleeve 19 against relative move 
ment. A connector collar 30, having an axial bore 30a, 
is provided at its upper end with an ternally threaded ex 
tension 31 which is inserted between the lower end of 
drive collar 21 and bearing collar 14. Extension 31 is 
threadedly Secured at 32 to the lower end of drive collar 
21 and a packing 33 is disposed between the bore wall 
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of extension 31 and the bearing collar. Connection 30 
forms the operative connection of valve assembly V to 
packer assembly P. 
The packer assembly includes a tubular packer body or 

mandrel 35 having an axial bore 35a. About the lower 
end of mandrel 35 is mounted on annular seal element 36 
of the usual flexible, resilient construction. The opposite 
ends of the latter are enclosed by segmented support col 
lars 37-37, the segments of each of which are rockably 
secured to the upper and lower end rings 38 and 39, re 
spectively. Upper end ring 38 is connected to an up 
wardly and inwardly tapering slip expander 40 slidably 
disposed about mandrel 35. A slip cage 41 is mounted 
about the exterior of mandrel 35 and carries a plurality 
of toothed wedge slips 42 pendently secured thereto for 
radial movement in the conventional manner, the slips 
being arranged to cooperate with the tapered surface of 
expander 40 for moving the slips in and out in response 
to relative longitudinal movement between the slips and 
the expander. A slip-actuating sleeve 43 is internally 
threaded to engage a section of external threads 44 pro 
vided on the exterior of mandrel 35. The lower end of 
sleeve 43 extends into slip cage 41 and is provided with 
an external shoulder 45 which projects beneath an in 
wardly extending lip 46 on the cage to support the cage 
for relatively rotational movement. An antifriction bear 
ing 47 is provided between these shoulders and a second 
antifriction bearing, such as a roller bearing 48, is 
mounted between the lower end of sleeve 43 and an in 
ternal shoulder 49 provided in cage 41. A setting sleeve 
50 is disposed about the exterior of actuating sleeve 43 
and mandrei 35 above cage 41, and is provided at an in 
termediate point thereof with an internal shoulder 51 
which projects inwardly above the upper end of slip 
actuating sleeve 43. Setting sleeve 50 is provided with a 
spline connection to sleeve 43, as best seen in FIG. 3, 
and comprises longitudinal spline grooves 52 cooperating 
with longitudinal splines 53 on the exterior of slip-actu 
ating sleeve 43. The upper face of shoulder 51 provides 
a seat for antifriction bearings 55 which, in turn, support 
a bearing collar 56 which extends between the upper end 
of mandre 35 and setting sleeve 50 and is threadedly se 
cured to the mandrel at 57. The upper end of bearing 
collar 56 is radially spaced from the upper end of setting 
sleeve 50 and the lower end of connection 30 is pro 
vided with an externally threaded extension 58 which is 
received in this space and is threadedly connected to the 
upper end of setting sleeve 50. A seal packing 59 is pro 
vided between the inner wall of extension 58 and bearing 
collar 56. 
Anchor assembly A is of the general form disclosed 

in Joe R. Brown application Serial No. 228,971, which is 
operable to anchor a connected tool element against ro 
tation relative to a surrounding pipe in response to an 
initial slight rotational movement of the tool element 
relative to the pipe. As disclosed in the aforesaid applica 
tion and as illustrated herein, anchor assembly A includes 
a generally tubular body 60 having an axial bore 61. The 
upper end of body 60 is formed with upstanding annular 
flange 62 threaded internally and externally to be re 
ceived and threadedly secured between lower end ring 39 
and the lower end of packer mandrel 35 to thereby 
Secure the anchor assembly to the packer assembly. The 
lower end of body 60 has an internally threaded counter 
bore 61a to receive the subadjacent section of pipe string 
T, thereby completing the installation of the packer struc 
ture in the pipe string. Bores 10a, 30a, 35a and 61 are 
Substantially uniform in diameter which is at least as 
great as the internal diameter of pipe string T to thereby 
provide a full open passage through the packer structure. 
Anchor body 60 is enclosed within a cage defined by 

longitudinally spaced upper and lower radially extending 
annular flanges 63 and 64, respectively, terminating in 
oppositely facing annular lips 65 and 66, respectively. As 
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best seen in FIGS. 5 and 6, body 60 is provided on dia 
metrically opposite sides thereof with radially outwardly 
projecting V-shaped cams 67-67 which may be integral 
with body 60. Mounted about body 60 inside the cage is 
a pair of generally semicircular friction shoes 68 which 
are normally urged apart radially by means of relatively 
light coil springs 69 seated in suitable sockets 70 in the 
opposing inner ends of shoes 68, the opposing inner ends 
of the shoes being spaced apart to permit limited inde 
pendent movement of the shoes. The upper and lower 
edges of the shoes are provided with oppositely extend 
ing upper and lower flanges 7 and 72, respectively, which 
are adapted to engage the related lips 65 and 65 to pre 
vent the shoes from being radially expelled from the 
Cage. 

Each of the shoes 68 is provided centrally on its ex 
ternal surface with a convex Smooth arcuate Surface por 
tion 73 which has a circular radius adapted to provide 
smooth engagement with the inner wall of a surrounding 
well casing, such as casing C. Surface portion 73 extends 
for a relatively short arcuate distance about the outer pe 
riphery of the shoe. On each side of surface portion 73, 
the exterior of the shoe is off-set slightly radially inward 
ly at 74 and this radially off-set portion is provided im 
mediately adjacent each side of surface portion 73 with a 
plurality of vertically extending radially projecting teeth 
75 which, by reason of the off-sets 74, are normally out 
of contact with casing C. These teeth are adapted, upon 
relative rotation between the shoes and casing C, to en 
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gage the casing and prevent further relative rotation be 
tween the shoes and the casing, and thereby securely en 
gage the shoes with the casing. To effect this relative 
rotation or rocking movement of the shoes, the inner 
periphery of the shoes on each side of the center thereof, 
is provided with relatively flat or noncircular cam sur 
faces 76 which are engageable by the opposite faces of 
cams 67 in response to an initial small amount of relative 
rotation between body 60 and the shoes. As best seen in 
FIG. 6, cam surfaces 76 are shown engaging with the co 
operating cams 67 to rock the shoes 68 angularly relative 
to casing C, so as to project teeth 75 into gripping engage 
ment with the wall of casing C. Once teeth 75 bite into 
the casing further relative rotation between anchor body 
60 and casing C is effectively stopped. 

Operation of the packer structure will now be described 
in connection particularly with FIGS. 7, 8 and 9. In the 
latter, there is shown a well bore W which intersects a 
high-pressure gas-containing earth formation F. The up 
per portion of well bore W is lined in the conventional 
manner with surface casing C and a cement sheath S is 
interposed between casing C and the well bore, as is also 
conventional. A hole or opening H is shown to be pres 
ent in casing C at a point intermediate its ends and the 
arrows in FIG. 7 indicate the flow of high-pressure gas 
through the bore of casing C and out through hole H, 
and thence through the body of cement sheath S to the 
Surface. As previously mentioned, the cementing of the 
Surface casing is frequently defective and porous in char 
acter. The upper end of casing C is closed by a conven 
tional casing head D fitted with symbolically illustrated 
blowout preventers R, which may be of any conventional 
and well-known form. 

In this illustration, the leak, indicated by hole H, has 
occurred during the drilling of the well by means of a 
rotary drill pipe string T carrying the bit B, the latter 
having the usual discharge passages G for discharge of 
imud or other fluids conventionally circulated during drill 
1ng. 
Upon the appearance of a leak, such as indicated in 

FIG. 7, the drill pipe will be plugged by means of a plug 
Q and then pulled upwardly, the joints thereof being 
broken out in the usual manner until just enough pipe 
has been pulled out of the well so that when the packer 
structure, in accordance with this invention, is installed 
thereon and the pipe string then returned to the bottom, 
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screw connection means between the housing and the 
sleeve valve for moving the housing longitudinally rela 
tive to the sleeve valve between positions opening and 
closing the ports in response to rotation of the sleeve 
valve relative to the housing, breakable means initially 
securing the housing to the valve in the port-opening 
position and releasable in response to rotation of the valve 
beyond that required to actuate said slip-and-Seal as 
sembly. 

4. A screw-set well packer according to claim 3, 
wherein said drive sleeve also has a longitudinally slid 
able non-rotatable connection to said screw connection 
between said valve housing and said sleeve valve. 

5. A screw-set well packer according to claim 4, 
wherein said breakable means comprises breakable shear 
pins securing said sleeve valve to said Screw connection 
eaS 
6. A screw-set well packer, comprising, a tubular 

packer mandrel, a by-pass valve assembly connectable 
to an operating pipe string, means forming a rotatable 
connection between the valve assembly and the upper 
end of the packer mandrel, a radially expansible slip 
and-seal assembly mounted about the mandrel for op 
erative engagement with a surrounding well casing, slip 
actuating sleeve means surrounding said mandrel and 
having screw thread connection thereto for actuating said 
slip-and-seal assembly in response to rotation relative to 
the mandrel, said rotatable connection including a setting 
sleeve extending about said slip actuating sleeve means 
and having a longitudinally slidable mon-rotatable con 
nection thereto whereby to transmit rotation of said by 
pass valve assembly to said actuating sleeve means, and 
anchor means carried by the lower end of said mandrel 
for engaging said well casing to hold said mandrel against 
rotation during actuation of said slip-and-seal assembly, 
a fixed shoulder means on Said mandrel, said slip-and 
seal assembly including an annular resilient seal element 
having its lower end abutting said fixed shoulder means, 
an upwardly tapering slip expander slidable on the man 
drel and engaging the upper end of said Seal element, and 
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a set of pipe-gripping wedge slips depending from Said 
actuating sleeve and slidably disposed about the mandrel 
in cooperative relation to said slip expander. 

7. A screw-set well packer, comprising, a tubular 
packer mandrel, a by-pass valve assembly connectable to 
an operating pipe string, means forming a rotatable con 
nection between the valve assembly and the upper end 
of the packer mandrel, a radially expansible slip-and 
seal assembly mounted about the mandrel for operative 
engagement with a surrounding well casing, slip actuat 
ing sleeve means surrounding said mandrel and having 
screw thread connection thereto for actuating Said slip 
and-seal assembly in response to rotation relative to the 
mandrel, said rotatable connection including a setting 
sleeve extending about said slip actuating sleeve means 
and having a longitudinally slidable non rotatable connec 
tion thereto whereby to transmit rotation of said by-pass 
valve assembly to said slip actuating sleeve means, anchor 
means carried by the lower end of said mandrel for en 
gaging said well casing to hold said mandrel abainst rota 
tion during actuation of said slip-and-seal assembly, said 
valve assembly including initially open valve means com 
municating the bore of the mandrel with the exterior 
thereof above said slip-and-seal assembly, and said ro 
tatable connection also including means operable to close 
said valve means in response to continued rotation of Said 
valve assembly after said slip-and-seal assembly have been 
actuated. 
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