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1 5 7] ABSTRACT 

Mud saver apparatus to be disposed at the lower end 
of a kelly adapted to be secured to a string of drill 
pipe and to pass through a rotary table, which can 
rotate the kelly, drill pipe, and bit secured thereto, for 
the purpose of drilling a bore hole in a formation 
while drilling mud is being pumped through the kelly 
drill pipe and bit, the apparatus including a tubular 
body and an elastic bladder disposed across the body 
passage by a gas under pressure to close the passage 
when drilling mud or other ?uid is not being pumped 
through the kelly, but which is de?ected to passage 
opening position by drilling mud pumped through the 
kelly and body passage at a pressure exceeding the gas 
pressure. Automatic closing of the body passage by 
the gas pressure when pumping of drilling mud ceases 
prevents the drilling mud from dropping out of the 
kelly when it is disconnected from the drill pipe 
therebelow. 

10 Claims, 14 Drawing Figures 
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MUD SAVER APPARATUS 

The present invention relates to well bore apparatus, 
and more particularly to apparatus for controlling the 
?ow of ?uid from a kelly or grief stem forming the 
upper part of a rotary drilling string used in the rotary 
drilling of a well bore. 

In the rotary drilling of well bores and the like, 
drilling mud is circulated through the kelly at the upper 
end of the string of drill pipe and through the drill pipe 
itself, discharging from the drill bit secured to the lower 
end of the pipe string to clean and cool the bit and ?ush 
the cuttings produced by the bit from the drilling region 
upwardly around the drill pipe string to the drilling rig. 
As drilling of the well bore progresses, additional 
lengths of drill pipe must be added to the string, requir 
ing elevation of the kelly above the rotary table used 
for rotating the drilling string, disconnection of the 
kelly, addition of drill pipe, reconnection of the kelly to 
the added drill pipe, and reinsertion of the kelly into 
the rotary table for transmission of its rotary motion 
and torque to the drilling string and bit. 
Upon disconnecting the kelly from the drill pipe 

therebelow, the drilling mud in the kelly and mud hose 
that feeds drilling mud to its upper end dumps or spills 
out the lower end of the kelly, wetting personnel and 
equipment on the derrick floor, as well as the derrick 
?oor itself. Hazardous conditions are thereby 
presented to the work area, equipment and personnel, 
valuable drilling mud is lost, substantial time being 
required in cleaning the spilled mud from the equip 
ment and derrick ?oor, all of which entails substantial 
cost. In ocean drilling, the lost mud is a source of pollu 
tion to the ocean water. 

Automatically operated valves have been proposed 
for incorporation at the lower end of the kelly, which 
are to close when pumping through the kelly and drill 
string ceases, and to open when such pumping recom 
mences. However, prior valves have been relatively 
complex, sand up and stick or jam, and are susceptible 
to the erosive action of the drilling mud pumped 
through it, all of which contribute to a relatively short 
life of the valves and their lack of dependability in 
operating properly. 
With the present invention, dependable automati 

cally operated drilling mud saver valves are provided, 
insuring closing of the valve whenever pumping of 
drilling mud, or other ?uid, through the kelly ceases, or 
the drilling mud pressure drops below a predetermined 
value. In addition, the valves are far simpler, consisting 
essentially of only a single movable or shiftable part, 
which is an elastomeric bladder pressurized by air, or 
other suitable gas, which constantly urges the bladder 
to a valve closing position across the valve body 
passage, the bladder being shifted by the pressure of 
the circulating ?uid, acting against the pressure of the 
gaseous medium, to a position opening the body 
passage. As the circulating pressure of the ?uid in 
creases, the bladder is shifted to a greater extent from 
the path of ?uid ?ow through the body passage, 
thereby providing a greater opening through the 
passage, minimizing the pressure drop through the 
valve and permitting ?uid ?ow through the valve at 
higher circulation rates. The valve will not jam, sand up 
or stick, and will not plug the drill pipe. By insuring 
closing of the lower end of the kelly whenever it is 
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2 
disconnected from the drill pipe, drilling mud is 
prevented from spilling from the kelly and the mud 
hose connected thereto, thereby saving the drilling 
mud, insuring the maintenance of the derrick ?oor in a 
dry and safe condition, as well as avoiding the wetting 
of equipment and personnel. Moreover, ocean pollu 
tion by drilling mud does not occur. 

This invention possesses many other advantages, and 
has other purposes which may be made more clearly 
apparent from a consideration of several forms in 
which it may be embodied. Such forms are shown in the 
drawings accompanying and forming part of the 
present speci?cation. These forms will now be 
described in detail for the purpose of illustrating the 
general principles of the invention; but it is to be un 
derstood that such detailed description is not to be 
taken in a limiting sense. Referring to the drawings: 

FIG. 1 is a side elevational view of an embodiment of 
the invention secured to the lower end of a kelly and to 
the upper end of a drill pipe string; 

FIG. 2 is an enlarged vertical section taken along the 
line 2-2 on FIG. 1; 

FIG. 3 is a cross-section, on an enlarged scale, taken 
along the line 3—3 on FIG. 2', 

FIG. 4 is a side elevational view taken along the line 
4-4 on FIG. 2; 

FIG. 5 is a fragmentary vertical section through the 
apparatus disclosed in FIG. 2, with the valve in closed 
position; 

FIG. 6 is a cross-section, on an enlarged scale, taken 
along the line 6-—6 on FIG. 5; 

FIG. 7 is a section taken along the line 7-7 on FIG. 
5; ' 

FIG. 8 is a vertical section through another embodi 
ment of the invention, with the valve in open position; 

FIG. 9 is a view of the valve similar to FIG. 8, but 
with the valve in its closed position; 

FIG. 10 is a cross-section taken along the line l0— 10 
on FIG. 8; 

FIG. 11 is a vertical section through still another 
form of the invention; 

FIG. 12 is a section taken along the line 12-12 on 
FIG. 11; 

FIG. 13 is an enlarged cross-section taken along the 
line 13-13 on FIG. 11; and 

FIG. 14 is a partial longitudinal section through still 
another speci?c form of valve element to be embodied 
in the apparatus illustrated in FIGS. 8 and 1 1. 

In the form of invention illustrated in FIGS. 1 to 7, 
inclusive, a tubular main body or sub 10 is provided 
that has an upper threaded box 11 for threadably secur 
ing the upper end of the body to the lower end of a 
kelly 12, a threaded pin 13 at the lower end of the body 
being threadably secured to an adjacent section of drill 
pipe 14 forming a portion of a drilling string, to the bot 
tom end of which a drill bit (not shown) is secured. As 
is well known in the art, the kelly 12 provides a slidable 
spline connection with a rotary table 15 for rotating the 
drilling string and drill bit during the drilling of the well. 
When additional lengths of drill pipe are to be added to 
the drill string, as result of the drilling of the well bore, 
the kelly 12 and the kelly sub 10 are elevated above the 
rotary table 15 and the lower end of the kelly sub 
disconnected from the drill pipe 14. Upon adding the 
desired length of drill pipe to the drill string, the lower 
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end of the sub 10 is reconnected to the drill pipe 14 and 
the drilling string is lowered in the well bore to again 
place the drill bit on bottom and with the kelly 12 
disposed within the rotary table 15. 
As noted above, each time the kelly sub or body 10 is 

disconnected from the drill pipe 14, the drilling mud in 
the kelly 12 and in the rotary mud hose (not shown) 
connected to a swivel (not shown) secured to its upper 
end would spill out through the lower end of the kelly 
sub, wetting the derrick ?oor, equipment and person 
nel, as well as resulting in the loss of valuable drilling 
mud. A valve apparatus 16 is provided for automati 
cally closing the passage 17 through the body 10 
thereby trapping the mud in the kelly. 
The body 10 has a window 18 extending from its cen 

tral passage 17 to its periphery, the inner portion 19 of 
the window being generally rectangular with curved 
corners 20 merging into its sides 21, top 22 and bottom 
23, whereas the outer portion 24 of the window is en 
larged to provide an outwardly facing shoulder 25 
around the inner window portion or opening 19. 
The opposed sides 21 of the inner portion 19 of the 

window are parallel to one another and are tangent to 
the cylindrical wall 26 of the body passage at diametri 
cally opposite points 27, being perpendicular to a cen 
tral vertical plane of the body passing through its axis 
and tangent points 27. The top 22 and bottom 23 of the 
inner portion of the opening are also parallel to one 
another and are normal to the above-mentioned central 
vertical plane. As stated above, the corners 20 between 
the top and bottom and sides are curved. 
An elastomeric bladder 30 is inserted through the 

window 18 being of generally cup shape. This bladder 
has an inner closed portion 31, the central part 32 of 
which has a radius of curvature conforming to the 
radius of the body passage such that the end closure 32 
of the bladder will fit closely and seal against the 
curved wall 26 of the body passage. This semi-cylindri 
cal portion 32 of the bladder has a substantial longitu 
dinal extent (FIG. 3) merging into outer side walls 33 
of the bladder that extend snugly and seal against the 
opposed side walls 21 of the valve body 10. The 
elastomeric diaphragm 30 has top and bottom sides 34, 
35 conforming to the top 22 and bottom 23 of the inner 
window portion 19 of the body, these top and bottom 
portions 34, 3S and the side portions 33 of the 
diaphragm merging into curved corners 36. 
The outer portions of the diaphragm 30 are integral 

with an outwardly extending ?ange 37 adapted to over 
lie the body shoulder 25. When the bladder is inserted 
through the opening 18, the ?ange engages the 
shoulder, the inner semi-cylindrical portion 32 of the 
diaphragm bearing against the cylindrical wall 26 of the 
body passage opposite the window, with the parallel 
side walls 33 of the diaphragm engaging the companion 
side walls 21 of the window, and with the top 34 and 
bottom 35 of the diaphragm, together with the rounded 
corners 36, effecting a full closing of the body passage 
17, the top 34 and bottom 35 hearing against the top 
and bottom walls 22, 23 of the body. A cover and 
clamp plate 40 is mounted in the body cavity 24 hear 
ing against the ?ange 37 of the diaphragm, screws 41 
passing through holes 42 in the margins of the cover 
plate, and through holes 43 in the diaphragm ?ange 37 
into companion threaded holes 44 in the body, which 
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4 
when tightened will ?rmly clamp the ?ange 37 in leak 
proof relation against the body shoulder 25. 
A suitable one-way valve 50 is mounted in the cover 

and clamp plate 40, establishing communication 
between a suitable source of air under pressure, or 
other gas under pressure, and the interior of the cup 
shaped bladder 30, air also being stumble in the cham 
bers 50a in the cover plate 40. This valve 50 may be of 
the type used in in?ating automobile tires. Air or other 
gas under a suitable pressure from the source is in 
troduced through the air valve into the interior of the 
cup-shaped bladder, tending to hold such bladder 
?rmly sealed against the walls 21, 22, 23 of the inner 
window, and retaining the semi-cylindrical portion 32 
of the diaphragm ?rmly sealed against the curved wall 
26 of the body passage 17. As an example, the air under 
pressure may be of the order of about 100 to 120 p.s.i., 
such compressed air usually being available on a 
drilling rig. 
The diaphragm 30 can be made of any suitable 

‘elastomeric material. As an example, it may be made of 
semi-hard nitrile rubber, and is preferably reinforced 
with nylon cloth which may be of several plies with ad 
ditional plies provided in the ?ange and at the corner 
portions 20a where the ?ange 37 merges into the walls 
21, 22, 23 of the diaphragm. 
The bladder or elastomer diaphragm 30 will remain 

in its closed position across the body passage 17 so long 
as the pressure of the drilling mud within the kelly 12 
and kelly saver sub 10 does not exceed the gas pressure 
within the bladder, tending to maintain it in its ex 
tended closed condition. Assuming the kelly to be 
about 60 feet in length and filled with drilling mud, the 
hydrostatic head of such drilling mud will exert a pres 
sure of about 30 p.s.i., or far less than the in?ation pres 
sure (for example, 100 psi) in the bladder. Ac 
cordingly, in the absence of pressure applied to the 
mud or ?uid in the kelly 12, the valve will remain 
closed. Elevation of the kelly 12 and the kelly saver sub 
or body 10 above the rotary table 15 and disconnection 
of the sub from the drill pipe 14 therebelow will result 
in the retention of the drilling mud in the kelly. On the 
other hand, with the kelly sub 10 connected to the drill 
pipe 14 therebelow, and with the drilling operation oc 
curring which includes the circulating of drilling mud 
down through the kelly, sub, and string of drill pipe, the 
circulating pressure normally exceeds the in?ation 
pressure in the bladder. As a result, it will de?ect the 
bladder to one side (FIGS. 2,3), as to its ?ange side, 
opening the passage 17 through the body 10 and per 
mitting the drilling mud to be pumped therethrough. 
The greater the circulating pressure, the greater the 
de?ection of the bladder 30 out of the path of the 
drilling mud and the greater the effective circulating 
area through the body passage 17 where the bladder 30 
is located. Thus, the valve arrangement automatically 
compensates for higher circulation pressures and 
volumes of circulating ?uids by automatically increas 
ing the effective area through the body passage 17 as 
the circulation pressure increases. 
Upon decrease of the circulation pressure below the 

in?ation pressure of the bladder 30, the bladder is ex 
panded by the compressed air or gas back to its initial 
condition fully closing the body passage (FlGS. 5,6). 
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Thus, a mud saver valve apparatus is provided that 
has only a single moving part, which automatically 
closes when the circulating pressure decreases below a 
predetermined value, and which automatically opens 
when such pressure is exceeded, the extent of opening 
automatically increasing as the circulating pressure in 
creases. 

In the embodiment illustrated in FIGS. 8 to 10, the 
kelly saver sub or body 10a has an elastic bladder 60 
therein which is adapted to be in?ated by compressed 
air, or other gaseous medium, to constrict its central 
portion 61 inwardly to close the central passage 17 
through the body. The elongate elastic bladder 60 is 
disposed within a mounting sleeve or member 62 with 
the ends 63 of the bladder vulcanized to the inner wall 
of the sleeve 62. A protector and retaining sleeve 64 is 
placed within each end of the elastic bladder, being 
secured thereto and to the mounting sleeve by screws 
65, the heads 65a of the screws being disposed in coun 
terbores 66 in the mounting sleeve, and the threaded 
shank portions of the screws being threaded into the 
retaining sleeve 64. 
The mounting sleeve 62, elastic bladder 60 and pro 

tector and retaining sleeves 64 are inserted in the body 
10, the lower end of the sub-assembly bearing against 
an upwardly facing shoulder 68 in the body. A plurality 
of circumferentially spaced pipe plugs 69 are threaded 
radially into the body and extend into openings 70 in 
the mounting sleeve to secure the sleeve, as well as the 
elastic bladder 60 and protector sleeves 64 in place. In 
sertion of the plugs 69 and their removal is facilitated 
by providing access counterbores 71 in the body open 
ing through the periphery of the body. One of these 
counterbores 71a provides access to an air valve 72, 
such as of the type used in in?ating automobile tires, 
threaded into a companion radial bore 70a in the body 
and opening through the mounting sleeve to the exteri 
or of the elastic bladder 60. Compressed air around the 
bladder communicates through a plurality of perfora 
tions 73 in the mounting sleeve with circumferential air 
chambers 74 formed in the interior of the body 100. 
These air chambers are for the purpose of storing the 
compressed gaseous medium and also to act as expan 
sion chambers. They are provided in the body between 
suitable side seal rings 75, such as elastomeric O-rings, 
disposed in internal grooves 76 in the body on opposite 
ends of the air chambers 74 and sealingly engaging the 
periphery of the mounting sleeve 62. 

Air of other gas under suitable pressure is inserted 
through the valve into the chamber 80 surrounding the 
exterior of the bladder 60 and disposed between it and 
the mounting sleeve 62, this air under pressure also 
passing through the perforations 73 into the storage 
and expansion chambers 74. As in connection with the 
description of the other form of the invention, the air 
under pressure may be of the order of 100 to 120 p.s.i. 
It tends to contract the elastic bladder 60 between its 
ends inwardly into a generally hour glass configuration 
(FIG. 9), with the intermediate portions 61 of the 
bladder constricted to fully close the passage 17 
through the valve body. To facilitate closing of the 
passage, the intermediate portion 61 of the bladder 
may be formed with a thinner wall. 

With the apparatus secured to the lower end of a 
kelly 12 and to a string of drill pipe 14 therebelow, and 
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6 
with air under suitable pressure disposed in the cham 
bers 80, 74, the elastic bladder 60 will assume its closed 
condition in the absence of circulation ?uid being 
pumped through the drilling string. The application. of 
pressure to the mud in the drilling string to a value sub 
stantially exceeding the air pressure causes the drilling 
mud to force or expand the valve members 60 to a 
passage opening condition (FIG. 8), the drilling mud 
flowing through the elastic bladder and then 
downwardly through the drill pipe 14. As the pressure 
of the drilling mud increases, the extent of outward ex 
pansion of the bladder 60 increases to automatically 
open the valve to a greater extend as the pressure dif 
ferential continues to increase, so as to minimize the 
restriction by the bladder to the How of the circulating 
fluid therethrough. 
Upon decrease in the pressure of the drilling ?uid 

below the value of the compressed gas in the chambers 
74 and in the space 80 surrounding the bladder 60, the 
gas under pressure will reshift the bladder inwardly to 
its closed condition (FIG. 9). 

If desired, as disclosed in FIG. 11, a central stem 90 
can be provided within the bladder 60a and against 
which the latter can seal when forced inwardly by the 
compressed air. This stem has a tapered upper end 91 
to facilitate downward ?ow of ?uid there around, its 
lower end being suitably secured to a spider 92, the 
outer end of which is constituted as the lower protector 
and retaining sleeve 64, the spider holding the stem in 
its central or coaxial position. 
When the air pressure exceeds the pressure of the 

fluid within the bladder 60a it will shift and retain the 
elastic bladder in its generally hour-glass shape sealed 
against the periphery of the stem 90. When the ?uid 
pressure within the kelly 12 exceeds the air pressure, it 
expands the bladder 60a outwardly, ?owing 
therethrough and around the stem 90, passing through 
the openings of the spider 92 and into the valve body 
passage therebelow. 

Different speci?c embodiments of bladders are illus 
trated in the drawings. In FIG. 8, the bladder 60 is of 
cylindrical form when it is not subjected to pressure, 
having the intermediate thinner or weakened section 
61 to facilitate its contraction into its closed condition. 
This bladder is made of a suitable elastomeric material, 
such as 60 hard nitrile rubber. It has a substantially 
fully opened passage therethrough when not subjected 
to the pressure of a contracting gas, thereby avoiding 
any substantial impediment to the downward ?ow of 
drilling mud. When subjected to the predetermined gas 
pressure, it will close inwardly upon itself at its 
weakened region, when the drilling mud pressure is 
lower than the air pressure, expanding outwardly when 
the circulating ?uid pressure through the body exceeds 
the air pressure, the compressed air being shifted back 
through the perforations 73 into the storage chambers 
74. 
The bladder illustrated in FIG. 14 is essentially the 

same as in FIG. 8, except that the thinner section 61 is 
not provided. Instead, reinforcing cloth 94a, 94b is 
molded into the main rubber portion of the bladder, 
there being an upper section 94a of reinforcing cloth 
and a lower section 94b separated from one another by 
a short distance 95 to facilitate contraction of the. 
rubber sleeve inwardly into the generally hour-glass 
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shape (FIG. 9) and full constriction of the intermediate 
unreinforced portion 95 of the rubber to fully close the 
passage through the elastomer sleeve. 

In the form of bladder illustrated in FIG. 11, it may 
initially be formed into a general hour-glass shape, con 
taining a reinforcing material 96, such as one or more 
plies of nylon cloth. Air pressure can retain the rubber 
inwardly with its intermediate portion closing upon it 
self; whereas the circulating pressure will enlarge the 
opening through the hour-glass throat, enlargement 
continuing up to a maximum value as the circulating 
air differential pressure increases. The relieving of the 
pressure differential causes the reinforced bladder to 
inherently move back to its initial hour-glass shape, and 
when the circulating pressure decreases sufficiently, 
the air pressure will fully close the bladder. 

All of the bladder constructions illustrated in FIGS. 8 
to 14 can, if desired, be used in conjunction with the 
central stem 90, being shifted inwardly by the gas under 
pressure externally of the bladder into sealing engage 
ment with such stem. . 

We claim: 
1. In valve apparatus for incorporation in a tubular 

string at the lower end of a kelly: a body having a ?uid 
passage therethrough and adapted to be disposed at the 
lower end of the kelly; a generally cup-shaped elastic 
bladder in said body adapted to extend across said 
passage to close the same, said body having a lateral 
opening communicating with said passage, said bladder 
having an open end portion in said opening and sealed 
against said body, said bladder having a portion pro 
jecting from said end portion laterally across said 
passage and adapted to conform to and seal against a 
substantial portion of the wall of the body de?ning said 
passage, and means for feeding a gaseous medium 
under pressure through said open end portion into the 
interior of said bladder to exert an in?ating force in 
said bladder tending to retain it in extended position 
sealed against said body passage wall to close said 
passage. 

2. In apparatus as de?ned in claim 1; said feeding 
means including a valve adapted to permit introduction 
of the gaseous medium into said bladder but preventing 
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the body. 

3. In apparatus as defined in claim 1; and closure 
means in said opening closing said opening and secur 
ing said open end portion in sealed relation to said 
body. 

4. In apparatus as de?ned in claim 1; closure means 
in said opening closing said opening and securing said 
open end portion in sealed relation to said body; said 
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feeding means including a valve in said closure means 
adapted to permit introduction of the gaseous medium 
into said bladder but preventing return flow of the gase 
ous medium to the exterior of said closure means and 
body. 

5. In apparatus as defined in claim 1; closure means 
in said opening closing said opening and securing said 
open end portion in sealed relation to said body; said 
closure means having gas storage means therein com 
municating with the interior of said bladder. 

6. In apparatus as defined in claim 1; closure means 
in said opening closing said opening and securing said 
open end portion in sealed relation to said body; said 
feeding means including a valve In said closure means 
adapted to permit introduction of the gaseous medium 
into said bladder but preventing return ?ow of the gase 
ous medium to the exterior of said closure means and 
body; said closure means having gas storage means 
therein communicating with the interior of said 
bladder. 

'7. In valve apparatus for incorporation in a tubular 
string at the lower end of a kelly: a body having a ?uid 
passage therein and adapted to be disposed at the lower 
end of the kelly; and elastic bladder sleeve in said 
passage; means con?ning the end portions of said 
sleeve against laterally inward movement in said 
passage; and means for feeding gaseous medium under 
pressure into said body for action upon the exterior of 
said bladder to contract an intermediate portion of said 
bladder inwardly of said passage to substantially fully 
close the same; said bladder sleeve having an inherent 
hour-glass shape when not subjected to fluid pressure 
differential acting upon the interior and exterior of said 
bladder sleeve. 

8. In apparatus as de?ned in claim ‘7; said con?ning 
means including a mounting sleeve secured in said 
body; said bladder being disposed in said mounting 
sleeve with its end portions secured thereto. 

9. In apparatus as defined in claim 7; said con?ning 
means including a perforate mounting sleeve secured in 
said body; said bladder being disposed in said mounting 
sleeve with its end portions secured thereto, said body 
having one or more expansion chambers therein exter 
nally of said mounting sleeve and communicating 
through the mounting sleeve perforations with the ex 
terior of said bladder to permit ?ow of the gaseous 
medium between the exterior of said bladder and said 
one or more expansion chambers as said intermediate 
portion contracts and expands. 

10. In apparatus as defined in claim '7; and a stern 
disposed in said body passage against which the bladder 
seals when contracted. 

* * * * ill 


