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[5 7] ABSTRACT 

A tool for automatically maintaining adequate circula 
tion of drilling ?uid in a well hole when a pressure 
kick is encountered. The tubular body section of the 
tool has a channel for ?uid which extends through the 
side wall to the outside. Inside the body section there 
is a previously set operable member which normally 
.covers the channel and blocks the flow of ?uid from 
the tool into the well hole. When the drilling bit en 
counters a zone of high pressure which causes back 
ward ?ow of ?uid and brings on the likelyhood of 
plugging of the‘ ?uid discharge ori?ces of the bit, the 
preset member is operated by an associated check 

' ' valve which responds to the back ?ow. The channel in 
the wall of the tool is thus automatically uncovered so 
that ?uid can ?ow into the well hole from a source 

- other than the drilling bit. 

10 Claims, 1 Drawing Figure 
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WELL CIRCULATION TOOL 

BACKGROUND OF THE INVENTION 

This invention pertains to the drilling of wells, more 
particularly deep wells, and especially petroleum wells 
wherein drilling ?uid is pumped down a rotating dril~ 
ling string to and through a drill bit. This results in cir 
culation of the drilling ?uid from the top of the well 
hole to, the bottom and then back to the surface. 
As is well, known, the reason for circulating drilling 

?uid during a rotary drilling operation is to, cool the bit, 
wash away drill cuttings, and lubricate the string as it 
runs in the hole. Should the ?uid discharge ori?ces of 
the bit become even partially plugged, adequate circu 
lation of the ?uid can be lost. As a consequence the 
beneficial functions of ?uid circulation are also lost or 
else seriously impaired. Plugging of the bit can be dan 
gerous, especially in the event of an unexpected pres 
sure kick which occurs when a high pressure zone is 
penetrated, or when attempting to kill a kick which has 
already occurred, since the ability to control pressure 
at the bottom of the hole is lost if pumping of drilling 
fluid to the well hole cannot be adequately maintained. 
In suchinstances total or partial plugging of the bit re 
sults from-the pressure of the kick being higher than the 
pressure of the drilling ?uid in the drilling string, i.e. 
there is a backward ?ow of ?uid-entrained materials 
into the bit and these materials become jammed in the 
?uid ori?ces. » ' 

Prior methods of restoring adequate circulation of 
drilling ?uid after plugging of the bit include making a 
round trip to replace the bit or perforating the drilling 
string above the bit by shooting while the string is still 
in the hole. Since it is not practical to trip the string out 
of the hole until the kick is killed, it has been necessary 
to perforate rather than making a trip, but this requires 
preparation and lowering of a shot into the string. This 
consumes valuable time in an emergency situation and 
affords little control over the degree of perforation and, 
hence, the resulting pressure which will be required to 
restore adequate circulation. As a consequence, a need 
was recognized for a method which can be employed 
for restoring adequate circulation of drilling ?uid to a 
bore hole after plugging of the bit, and preferably, to 
restore adequate circulation without substantially 
changing the pressure required to pump the ?uid. 

SUMMARY OF THE INVENTION 
It is therefore ‘an object of this invention to provide 

a method for quickly restoring adequate circulation of 
drilling‘?uid to a bore hole after the drilling bit has be 
come plugged. 1 

Another object is to restore adequate circulation of 
drilling ?uid to a bore hole following plugging of the bit 
without substantial change in the pumping pressure re 
quired to achieve the circulation. 

Still another object is to improve safety of the drilling 
operation when a kick is encountered. 
Other objects and advantages of the invention will 

become apparent from the following description and 
the appended claims. 
The present invention is a drilling tool which can be 

used in combination with other members of a drilling 
string to automatically feed drilling fluid into a well 
hole from a source other than the drilling bit. The tool 
is activated when a high pressure zone is penetrated 
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2 
and there is a resultant back ?ow of ?uid into the bit. 
Since back ?ow can result in plugging of the bit, the 
dangers inherent in the occurrence thereof are avoided 
by an almost immediate diversion 'of drilling ?uid into 
the hole by means of the automatically responsive tool. 

The tool comprises a tubular body section having 
threads at each end which are connectible to members 
of a well drilling string. A longitudinal passageway ex 
tends through the body section for conveying ?uid re 
ceived from the string. At least one channel for ?uid 
extends through the side wall of the body section from 
the passageway therein to the outside. There is a previ 
ously set operable member inside the body section 
which normally covers the channel through the wall, 
and which uncovers the channel when operated. The 
purpose of the preexisting but normally covered chan 
nel is to provide a duct through which ?uid being 
pumped can be diverted to the well hole in the event 
that adequate circulation cannot be maintained after 
partial or total plugging of the drilling bit following a 
pressure kick. Whether plugging of the bitactually oc 
curs or not, the possibility thereof is compensated for 
automatically by a ?ow responsive means which oper 
ates the preset member. The ?uid channel through the 
wall of the tool is thus automatically uncovered upon 
backward ?ow of ?uid'in the passageway of the body 
section. 1 , v 

The operable member can be a sleeve contiguous 
with the wall of the ?uid passageway in the body sec 
tion and slidable in the passageway both over and be 
yond the opening of the ?uid channel through the wall 
of the body section. Sliding of the preset sleeve to un 
cover the channel can be effected by means of an at- _ 
tached, normally open check valve which closes upon 
self detection of a zero ?ow differential in the passage 
way and which then moves the sleeve upon self detec 
tion of a back pressure. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 
The drawing depicts a partly sectional view of one 

embodiment of the present invention and is intended to 
illustrate the invention without limiting the same. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
The circulating tool is generally represented at 1, 

being connected‘at the upper end to a drill pipe 2 and 
to a drill bit 3 at the lower end. The tubular body sec 
tion 4 of the tool is threadedat each end for connection 
with the bit 3 and a coupling 5 on the drill pipe. A pas 
sageway 6 for ?uid extends through the body section‘ of 
the tool, being interconnected with ?uid passageways 
6a and 6b which, respectively, lead from the drill pipe 
2 and into orifices3a in the drill bit. Drilled channels 
7 for fluid extend transversally through the wall 8 of the 
body section and thus lead from the passageway 6 to 
the outside. 
Channels 7 are ducts which extend through the wall 

8 of the body section so that drilling ?uid being 
pumped into passageway 6 can be discharged out into ' 
a well hole from a source other than the drilling bit. 
During normal drilling operations these channels are 
covered over by an impervious slidable sleeve 9 which 
is axially aligned in the passageway 6 and is contiguous 
therewith. The sleeve is chamfered on the outside at 
the lower end to provide a shoulder 10. 
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The wall of the body section which de?nes the pas 
sageway 6 is recessed to accomodate the thickness of 
the sleeve, thus tending to preserve the diameter of the 
passageway while also providing a lower stop 1 1 for the 
sleeve. The sleeve is thus held up in the normal preset 
position over the channels 7 by the abutment of the 
sleeve shoulder 10 against the lower stop. 
A ball valve, generally represented at 12, is located 

in passageway 6b in the lower end of the body section 
of the tool. The ball valve comprises an annular ball 
seat 13 which is screwed onto the lower end of the 
sleeve 9, a ball 14 which ?ts into the seat, a cage 15 for 
maintaining the ball in alignment with the seat, and a 
helical spring 16 which urges the ball upwardly into the 
seat 13 when there is no ?ow of ?uid through passage 
way 60 of the sleeve. 
Transversally cut slots 17 extend through the wall of 

the sleeve toward the center line. When the sleeve is in 
the normal, preset position as shown in the drawing, the 
slots 17 are below the ?uid channels 7. However, when 
the sleeve is operated, i.e. moved upward by backward 
?ow against the closed ball valve, the slots 17 then line 
up with the channels 7 so that pumped ?uid can ?ow 
out of sleeve passageway 60 into a well hole. 
During normal drilling operations mud is pumped in 

the forward direction through the drill string and into 
the well hole, i.e. through passageways 6a, 6, 60, 6b and 
the bit ori?ces 3a. This holds the sleeve 9 down against 
the stop 11, keeping channels 7 covered over, and 
holds the ball valve open by urging the ball away from 
the valve seat so that the drilling ?uid can pass to and 
through the ori?ces 3a of the bit. 
When there is no flow-of drilling ?uid through the 

tool in the forward direction, the ball valve snaps 
closed, but there is no upward movement of the sleeve 
9. Raising of the sleeve is effected when forward ?ow 
stops and there is back?ow of ?uid into the bit through 
orifices 3a. More speci?cally, the ball 14 instantly 
moves into the seat 13 when forward ?ow ceases, being 
urged by spring 16. With the bottom of passageway 60 
effectively sealed off by means of the ball, the assembly 
in effect becomes a piston, and is displaced upward by 
pressure resulting from back?ow into the ori?ces 3a. 
As previously indicated, upward movement of the 
sleeve effects alignment of the slots 17 with channels 7 
so that drilling ?uid can ?ow out of the tool into the 
hole being drilled. 
Means can also be included for holding the sleeve up 

so that the channels 7 and the slots 17 remain aligned 
in the event that pressure in passageway 6b eases down 
after elevation following a back?ow into the bit. Such 
can occur when the bit has become substantially but 
not completely plugged, and in which case recovering 
of the channels with the sleeve would be undesirable 
since adequate flow of ?uid through the bit alone could 
not be maintained. The drawing shows use of a snap 
ring and recess arrangement for holding up the sleeve 
after it has been operated. More speci?cally, a snap 
ring 18 ?ts into a groove around the circumference of 
the sleeve and is normally fully depressed into the 
groove by the wall of the passageway 6 when the sleeve 
is in the lower, preset position over the channels. 
Higher up in the passageway 6 there is a groove 19 
around the circumference thereof. When the sleeve 
moves upward to the extent that ring 18 becomes 
aligned with the groove 19, the ring snaps partially 
open, thus engaging the groove and latching the sleeve 

10 

15 

25 

30 

35 

45 

50 

4 
to the passageway. The channels 7 and the slots 17 are 
thus maintained aligned until the sleeve is deliberately 
pushed back down and reset. If desired, the sleeve can 
be reset while the tool is in the well hole by lowering 
a weight on a wire line to bump the sleeve downward. 

Provisions can also be included for manually raising 
the sleeve by an action taken at the surface in the un 
likely event that it is not automatically operated during 
a pressure kick. The drawing illustrates use of a latch 
20 for this purpose, the latch being attached to the 
sleeve by means of a bar 21 which extends across the 
passageway 6c of the sleeve from one side to the other. 
To raise the sleeve, a tool can be lowered through the 
drill pipe on a wire line, thus engaging the latch 20 so 
that the sleeve can be pulled upward. Upon further tug 
ging of the wire line the tool can be disengaged from 
the latch and retrieved. . 

Where preferred, the upper part of the sleeve 9 
which covers the channels and the lower chamfered 
part which is attached to the ball valve do not have to 
be integral, i.e. they can be two separate parts while 
still having the configuration and arrangement shown 
in the‘ drawings. - 

Since one object of the invention is to be able to 
maintain adequate ?ow of drilling ?uid to a well hole 
after the bit has become plugged, the channel in the 
wall of the body section of the tool should have an open 
area at least equal to the total open area of the drilling 
?uid ori?ces in the bit As shown in the drawing, the 
body section of the tool can be provided with at least 
one other channel which is covered‘ over when the 
sleeve is preset and which is uncovered when the sleeve 
is operated. In such a case the total open area of all of 
the channels should at least about equal the total open 
area of the ?uid ori?ces in the drilling bit. 
When using an apparatus as shown in ‘the drawing, 

several of the features shown are optional, examples 
being the previously described snap ring arrangement 
for securing the sleeve above the channels, the ball 
cage 15 and the spring 16. The walls of the passageway 
6b can serve as guides for directing the ball into the 
valve seat, and back?ow of ?uid can be relied upon to 
move the ball into the seat. In addition, check valves 
other than a ball valve can be used for operating the 
sleeve, e.g. a swing check or disc check valve can be 
suitably adapted to the purpose. 
While the present invention has been described with 

reference to speci?c conditions, apparatus components 
and arrangements thereof, it will nonetheless be under 
stood that still other embodiments will become appar 
ent which are within the spirit and scope of the inven 
tion which is de?ned in the following claims. 
What is claimed is: 
1. A well drilling tool comprising: 
a. a tubular body section having threads at each end 
which are connectible to members of a drilling 
string, 

b. a longitudinal ?uid passageway through the body 
section, 

c. a ?uid channel which extends through the side wall 
of the body section from the ?uid passageway 
therein to the outside. 

d. a previously set operable member inside the body 
section which normally covers the ?uid channel 
through the wall of the body section when set and 
which uncovers the channel when operated, and 
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e. ?ow responsive means for automatically operating 
the previously set member and uncovering the ?uid 
channel upon backward ?ow of ?uid in the pas 
sageway of the body section 'of the tool, said ?ow 
responsive means including a ball check valve 
which is open during ?ow of ?uid through the pas 
sageway of the body section in a forward direction 
and which is closed during ?ow of ?uid in the pas 
sageway in a backward direction, the previously set 
member being operable by movement thereof be 
yond the ?uid channel, and being urged to move 
beyond the channel upon backward ?ow of ?uid 
against the ball check valve when it is closed. 

2. Apparatus as in claim 1 wherein the operable 
member is a sleeve contiguous with the wall of the pas 
sageway in the body section, the sleeve being slidable 
in the passageway both over and beyond the opening of 
the channel through the wall of the bodysection. 

3. The apparatus of claim 2 wherein the ball check 
valve is attached to the sleeve. 

4. Apparatus as in claim 2 and further comprising 
latching means for securing the sleeve in a position be 
yond the channel after the operative movement of the 
sleeve.‘ 

5. Apparatus as in claim wherein the sleeve is lo 
cated in the fluid passageway of the body section 
toward the end thereof into which ?uid is introduced 
in the forward direction and the‘check valve is located 
in the ?uid passageway toward the other end of the 
body section. 

6. Apparatus as in claim 5 and further comprising a 
drilling pipe attached to the end of the-body section 
into which drilling ?uid is fed in the forward direction 

I and a drilling bit having drilling ?uid orifices attache 
to the other end of the body section. 

7. Apparatus as in claim 6 wherein the open area of 
the ?uid channel in the wall of the body section is at 
least about equal to the total open area of the drilling 
?uid ori?ces in the drilling bit. 

8. Apparatus as in claim 6 and further comprising at 
least one other channel in the wall of the body section 
which is covered over when the sleeve is preset and 
which is uncovered when the sleeve is operated, and 
wherein the total open area of all of the ?uid channels 
in the body section is at least about equal to the total 
open area of the ?uid orifices in the drilling bit. 

9. A well drilling tool comprising: 
a. a tubular body section having threads at each end 
which are connectible to members of a drilling 
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string, 

b. a longitudinal ?uid passageway through the body 
section, 

0. a ?uid channel which extends through the side wall 
of i the body section from the ?uid passageway 
therein to the outside, 

d. a previously set operable sleeve member located in 
said passageway in the body section toward the end 
thereof into which ?uid is introduced in the for 
ward direction and wherein the sleeve normally 
covers the ?uid channel through the wall of the 
body section when set and which uncovers the 
channel when operated, said sleeve member being 

I contiguous with the wall of the passageway in the 
body section and slidable in the passageway both 
over and beyond the opening of the channel 
through the wall of the body section, 

e. ?ow responsive means for automatically operating 
the previously set member and uncovering the ?uid 
channel upon backward ?ow of ?uid in the pas 
sageway of the body section of the tool, said ?ow 
responsive means including a check valve‘ which is 
open during ?ow of ?uid through the passageway 
of the body section in a forward direction and 
which is closed during flow of ?uid in the passage 
way in a backward direction, the previously set 
member being operable by movement thereof be 
yond the ?uid channel, and being urged to move 
beyond the channel upon backward ?ow of fluid 
against the check valve when it is closed, said 
check valve being located in said ?uid passageway 
toward the other end of the body section from 
which said sleeve member is located, 
a drilling pipe attached to the end of the body sec 
tion into which drilling fluid is fed in the forward 
direction, a drilling bit having drilling ?uid orifices 
attached to the other end of the body section, and 
wherein the open area of the channel in the wall of 
the body section is at least about equal to the total 
open area of the drilling ?uid ori?ces in the drilling 
bit. 

10. Apparatus as in claim 9 and further comprising 
at least one other channel in the wall of the body sec 
tion which is covered over when the sleeve is preset and 
which is uncovered when the sleeve is operated, and 
wherein the total open area of all of the ?uid channels 
in the body section is at least about equal to the total 
open area of the ?uid ori?ces in the drilling bit. 

* >l< * * * ' 


