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The present invention relates to earth boring and more
particularly, but not by way of limitation, relates to an
improved drilling bit of the type having drilling mud jets
for cleaning the bottom of the well bore as it is cut.

In the rotary method of earth boring customarily used
for drilling oil weils, a fluid called drilling mud is pumped
downwardly through a tubular drill string to a drill bit
which is connected to the lower end of the drill siring.
The drilling mud passes through the bit and circulates
back to the surface through the annular space between the
well bore and the drill string. As the drilling mud cir-
culates back to the surface, the cuttings loosened frem the
formation by the drill bit are cleaned from the well bore.
A conventional drill bit is provided with relatively large
openings through which the mud passes at substantially
the same, relatively slow velocity that it passes down-
wardly through the tubular drill string. A fluid jet type
bit, on the other hand, is provided with a plurality of small
nozzles, usually three, which direct a high velocity jet or
stream of drilling mud against the bottom of the bore.
The high velocity drilling mud jet substantiaily increases
the efficiency with which the cuttings are removed from
the bottom of the well bore so that the drill bit is always
cutting on virgin rock formation. The present invention
is concerned with an improved fluid jet type driil bit.

Conventional fluid jet type drill bits have very small
passageways comumunicating with the interior of the drill
string and these small passageways are further restricted
by jet nozzles so that flow of drilling mud or other fluid in
either direction through the drill bif is greatly restricted
and requires & high pressure. Therefore, these restricted
passageways through the bit, which are necessary to pro-
duce the fluid jets, create a considerable number of very
real problems during normal drilling operations. For
example, as the driil bit and drill string are lowered into
the well bore or hole, the nozzles substantially limii the
volume of fluid which will invariably be standing in the
hole which may enter the drill string. Therefore, the
drill bit and string act as a piston as they are lowered into
the hole. The great weight of the siring acting as a piston
creates high pressure surges in the fluid standing in the
hole. These pressure surges may break down the sur-
ronnding formations to the extent that they will take drill-
ing mud and upon resumption of drilling, circulation of
the drilling mud may be lost. Although lost circulation
may be encountered without piston effects, piston effects
will increase the likelihood of lost circulation. Also, if
the drill string does not fill completely with fluid as it is
run into the hole, when circulation of the drilling mud is
started a slug or bubble of air standing in the drill string
will be pumped downwardly through the drill bit and into
the hole. This slug or bubble of air may directly damage
the hole, may change the desirable properties of the mud,
may lighten the fluid column standing in the hole and
thereby substantially increase the risk of a blow-out, or
may interfere with the recovery of good samples of for-
mation from the bottom of the hole.

As a drill string having a fluid jet bit with small fluid
jet passageways is removed from the hole, the small orifices
seldom permit the drilling mud standing in the drill string
to drain out, so that a substantial volume of the drilling
mud is frequently trapped in the string. In the oil well
drilling industry, this is known as a wet stand of drill pipe.
When the upper stand of joints of a string of drill pipe are
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unscrewed to be temporarily stored in vertical position
iz the derrick, mud which has not drained from the stand
of pipe will be sprayed over the derrick floor. Wet stands
of drill pipe are unpleasant to the crew, make the derrick
floor slick and dangerous, and waste drilling mud, which
may be an expensive chemical solution. In cold weather
the drilling mud may freeze and coat the derrick floor and
equipment with ice, which greatly slows the driiling opera-
tion and makes the drill pipe hard to handle. Further, if
a string of drill pipe having a fluid jet bit connected to the
lower end thereof is removed from the hole and the fluid
standing in the string is not permitted to freely drain from
the pipe to fill the hole, the drill string will tend to swab
the hole, that is tend to create a vacuum or greatly reduced
pressure within the hole. This may “suck” the hole in by
capsing soft rock formations to cave in, or it may start a
blow-out by relieving the hydro-static pressure normally
exerted by the column of drilling mud against the forma-
tions.

As previously mentioned, the fluid jets are very small
and are, therefore, very easily plugged by foreign material.
‘When circulation of the drilling mud has been lost, some-
times it is desirable to add large gnantities of solid “lost
circulation” material to the mud pumped down the drill
string in hopes that the material will plug the formation
and permit proper circulation to be re-established. These
lost circulation materials are usually fibrous, granular, or
laminated materials which are relatively large and actually
plng up the fluid passageways in the particular reck or
earth formation which is taking the mud. These lost
circulation materials will also very frequently plug the
small nozzies of fluid jet bits. In the event the small fluid
jets become stopped up, the entire string of drill pipe must
be removed from thie hole so that the jet bit can be dis-
connected and the nozzles cleared, or the jet bit exchanged
for a conventional bit, as will usually be the case if it is
desired to continue to use lost circulation material in
the driiling mud. Fluid jet type drill bits require a rela-
tively high mud pump pressure to operate effectively.
These high operating pressures sometimes result in a
failure of the equipment which requires that the pressures
be reduced if drilling is to continue until repairs can be
made. In such an event, the jet drill bit must be removed
from the hole and replaced by a conventional bit which is
a time consuming and expensive procedure.

Therefore, it is a very important object of the present
invention to provide an improved fluid jet type drill bit.

Another very important object of the present invention
is to provide a novel valve mechanism for a downhole tool.

Stifl another object of the present invention is to pro-
vide a fluid jet type drill bit which will considerably re-
duce piston effects as it is lowered into a well bore.

Another object of the present invention is to provide
an improved drill bit of the type described which will
permit the drill string to fill with fluid and thereby elimi-
nate the formation of a bubble of air within the drill
string. :

Still another object of the present invention is to pro-
vide a drill bit of the type described which will readily
permit draining of drilling mud from within the drill
string as the drill string is removed from the well bore
to greatly reduce wet stands of drill pipe.

Yet another object of the present invention is to pro-
vide a drill bit of the type described which will permit

& floid within the drill string to readily pass into and fill

the well bore as the drill string is raised to thereby
eliminate swabbing of the hole.

Yet another very important objsct of the present in-
vention is to provide a fluid jet type drill bit as described
which may continue to be utilized in the event the small
jets become plugged by foreign material without remov-
ing the drill bit from the hole to clean the jets.
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A further object of the present invention is to provide
@ drill bit of the type described through which lost cir-
culation materials can readily be pumped without replac-
ing the jet type bit with a conventional bit.

Still another object of the present invention is to pro-
vide a drill bit of the type described which may con-
veniently be - operated as either a fluid jet type bit for
cleaning the bottom of the hole or as a conventional bit,
as desired, without removing the bit from the hole.

These objects are accomplished in accordance with the

present invention by an improved drill bit comprised gen-

erally of a drill bit having at least one fluid jet passage-
way means for directing a relatively high velocity jet of
drilling mud from the bit for cleaning purposes and a con-
siderably larger bypass passageway for passing a greater
volume of drilling mud with substantially less resistance
than is offered by the fluid jet passageway means. An an-
nular valve seat is formed in the fluid bypass passageway
and.a buoyant valve member is provided for mating with
the valve seat to block the downward passage of drilling
mud through the bypass passageway. Then when drilling
fluid is pumped downwardly through the drill string, the
valve member will be seated and passage of drilling mmd
through the bypass passageway will be blocked and the
drilling mud will be forced through the fluid jet passage-
way means at a relatively high velocity in accordance
with the size of the jet passageway and thé pressure of
the fluid. When pumping of the drilling mud is stopped,

the valve member will be buoyed up by the drilling mud " member 36 through the drill string is, in general, not

to open the bypass and permit either the upward or down-
ward passage of a substantial volume of drilling mud
through the bit with relatively little pressure drop.

Many :additional objects and advantages of the present
invention will be apparent from the following detailed de-
scription and drawings, wherein:

FIG. 1 is a- simplified longitudinal sectional view of
a drill bit comstructed in accordance with the present in-
vention, the section being taken substantially on lines
1—1 of FIG. 2; and

FIG. 2 is a simplified cross-sectional view taken sub-
stantially on lines 2—2 of FIG. 1.

Referring now to the drawings, an improved drill bit
constructed in accordance with the present invention
is indicated generally by the reference numeral 10. The
drill bit 10 is comprised of a body portion 12 having a
threaded shank portion 14 at the upper end thereof for
connection to a standard drill collar 16 which is the
lowermost. joint of a drill string extending to a drilling
rig at the surface. Three conventional conically shaped
cutting members 18 are rotatably connected to the drill
bit body 12 in the conventional manner. In this regard,
it will be noted that the longitudinal sectional view of
FIG. 1 is taken on two radials from the longitudinal
axis of the bit 10 spaced 120 degrees apart, as shown by
the line I—1 on FIG. 2, so that thé conical members
18 in FIG. I appear to be diametrically opposed. How-
ever, as shown in dotted outline in FIG. 2, the conical
cutting membeis 18 are disposed such that the axes of
rotation of the conical cutting members 18 are spaced
at approximately 120 degrees. The drill bit 28 is shown
disposed in a hole or well bore 20 which may be pre-

sumed as having been cut through the earth by conven-

tional.rotary drilling methods.

The shank portion 14 of the body 12 is provided with
an axial fluid passageway 22 which registers with the fluid
passageway 24 through the tubular drill collar 16, and

therefore through the drill string to a source of drilling

mud at the rig. A relatively large axial passageway 26
is formed in the lower part of the drill bit body 12, and
in effect forms a continuation of the axial fluid passage-
way 22, although being of smaller diameter, to provide a
longitudinally extending passageway through the drill bit
body 12. An annular valve seat 28 is conveniently
formed in the continuous passageway at the intersection
of the passageways 22 and 26. The annular seat 28 is
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sufficiently small to seat a buoyant valve member 38,
hereafter described in greater detail, which will freely
pass through the interior passageway 24 of the drill string
and through passageway 22.

Three fluid jet passageways 22 are in fluid communi-
caticn with the fluid passageway 22 at a point above the
annular seat 28. The fluid jet passageways 32 are equally
spaced around the periphery of the body 212 and have
restrictive jet nozzles 34 which are arranged fo direct a
fluid jet between each adjacent pair of conical cufting
members 18 onto the bottom of the well bore 20 efficiently
cleaning the cuttings from the bottom of the bore and
enfraining the cuttings in the mud stream. The nozzle
members 34 have relatively small, highly restrictive ori-
fices 36 for converting a high fluid pressure into a high
fluid: velocity. )

The valve member 36 is preferably spherical in shape
and has a density or specific gravity less than that of the

- particular drilling mud being utilized in the drilling oper-

20

ation, so as to make the valve member 30 buoyant. As
is well known in the drilling industry, the specific gravity
and viscosity of the drilling mud used will vary with each

_ particular application. = Accordingly, the specific gravity
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of the valve member 39 should be selected so that the
buoyant force acting on the valve member 30 will be
sufficient to force the valve member upwardly through the
drill string at approximately 300 feet per minute. Of
course, the exact rate of buoyant ascension of the valve

critical and may vary substantially in accordance with
the desired effect to be produced. However, the rate of
ascension should not exceed the rate at which drilling
mud is pumped down the drill string as will hereafter be

- evident. On the other hand, the rate of ascension should
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not be so slow as to cause undue delay.

The valve member 30 may conveniently be fabricated
in the form of a hollow steel ball, a hard plastic, ceramic,
wood-or any other similar material which will withstand
a considerable pressure differential without crushing and
having the desired properties of hardness, resistance to
abrasion and wear, and the required specific gravity to
produce the desired buoyancy in the particular drilling
mud being used. As mentioned, the viscosity of the
drilling mud will have a direct effect upon the rate at
which the buoyant valve member 36 will rise through
the drill string, as will the shape of the valve member
3¢. In this regard, it will be appreciated that an elon-
gated valve member 39, having somewhat sharpened ends
will increase the rate of travel upwardly through the
drilling mud if necessary. It will also be noted that the
relative size between the spherical valve member 30 and
the fluid jet passageways 32 in such that the valve mem-
ber cannot possibly block the fluid jet passageways, but
instead will positively be forced against only the valve
seat 28 to. close the bypass passageway 26, as will be
presently described. .

The buoyant valve member 30 may be seated on the
valve seat 28 merely by dropping the valve member in
the top of the drill string and then pumping it down-
wardly through the drill string with the drilling mud.
Since the drilling mud will flow downwardly at a con-
siderably greater rate than the rate at which the valve
member 3¢ will ascend due to its buoyancy, the valve
member 30 may be firmly seated and held against the
valve seat 28 to close the bypass passageway 26. Con-
tinued pumping of the drilling mud will create a relatively
high pressure drop through the fluid jets and therefore
acress the valve member 3¢ so that the valve member
will remain seated, and the drilling mud will continue
to be forced through the restricting orifices 36 of the
nozzle members 34 and directed at the bottom -of the well
bore 28 at a high velocity. *When it is desired to open
the bypass passageway 26, the downward flow of drilling
mud is stopped ‘and the valve member 39 is permitted to
ficat off the seat 28, " At any time after the valve mem~
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ber has floated off the seat, it may be re-seated by re-
suming pumping of the drilling mud, or the valve mem-
ber 3¢ may be permitted to float all the way to the top
of the drill string where it may be manually retrieved.
Or if the level of fluid in the drill string is toc low, the
valve member 38 may be retrieved by a conventional
basket lowered into the drill string by a wire line.

During normal drilling operations, the valve member
30 is retained at the surface and the drill bit 18 is
lowered into the well bore by making up the drill
string. As the bit is lowered into the bore, the bypass
passageway 26 will be open and fluids suck as drill-
ing mud standing in the bore will easily pass through
the bit 10 into the drill sitring to relieve the pressure
surges which would otherwise be caused by piston effects.
When the drill bit is resting on the bottom of the well
bore, the valve member 3§ may be dropped into the drill
string and will fall a short distance to the fluid Ievel
standing within the drill string. Drilling mud is then
pumped downwardly through the drill siring in the con-
ventional manner and is circulated back through the
annulus formed by the well bore around the drill string.
During the time that the valve bedy 39 is being pumped
downwardly by the drilling mud the bit 18 will operats as
a conventional bit and the pressure required will be rela-
tively low because the drilling fiuid will pass through
the bypass passageway 26, as well as through the fluid jet
passageways 32. When the valve member 39 seats on the
valve seat 28, the pressure required to circulate the drill-
ing mud will sharply increase and the drilling mud will
pass through the restrictive jet nozzles 34 at a high veloc-
ity. The jet of drilling mud will be directed between the
conical cutting members 18 and will impinge against the
bottom of the well bore to very effectively remove all
cuttings and present virgin formation to the conical cut-
ting membsrs 18. The cuftings will then be entrained
in the drilling mud and washed and fioated from the well
bore as the drilling mud is circulating back to the surface.

As the well bore is deepened, it is necessary to stop
the rotary drilling operation in order to add another joint
of drill pipe. During this stoppage the valve member 30
will float part of the way up the drill string. However,
upon resumption of circulation of the drilling mud, the
buoyant valve member 38 will agzin be pumped down-
wardly and against seat on the valve seat 28 so that the
drilling mud will again be jetted at high velocity from the
nozzle members 34. When the conical cutting members
18 become dulled it is necessary to remove the entire
string of drill pipe from the hole in order to replace the
bit, During this operation pumping of the drilling mud
ceases so that the buoyant valve member 3¢ will float
upwardly from the seat 28 to the level of the drilling mud
in the drill string and the bypass passageway 26 will be
open. Accordingly, as the drill string is raised a suffi-
clent distance to disconnect each successive stand of drill
pipe, the drilling mud within the drill string will freely
pass through the relatively large bypass passageway 26 as
well as through the more restrictive fluid jet passageways
32 to both drain the drilling mud from the string and
climinate wet stands and also prevent swabbing of the
hole. When the last joint 16 of the drill string and the
bit 20 have been removed from the hole, the buoyant valve
member 3§ will be found on the annular seat 28, the valve
member 39 having been deposited there as the last trace
of drilling mud drained from the bit 10.

Therefore, it will be noted that during normal opera-
tion of the improved drill bit 18 the piston effects created
as the more conventional jet type drill bits are lowered
into the well bore have been eliminated. This is due to
the fact that the bypass passageway 26 which is relatively
large readily permits drilling mud standing in the well
bore to enter the interior passageway 24 of the drill string
as it is lowered. As previously discussed, this eliminates
the pressure surges which frequently break down the
formations and result in a loss of circulation of the drilling
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mud upon resumption of the drilling operation. Fur-
ther, the ready entrance of the drilling mud into the in-
terior of the drill string insures that the drill string will be
substantially filled with drilling mud, so as to eliminate
any pockets or bubbles of air which might otherwise be
formed. This materially reduces the possibility of dam-
age to the hole, changes in the properties of the mud, and
the reduction of the weight of the columa of drilling mud
standing in the well bore annulus, which thereby reduces
the risk of a blow-out.

It will also be noted that as the drill string is removed
from the well bore for replacement of the bit or for any
other purpose, the drill string will be raised at a rate con-
siderably less than the rate at which the buoyant valve
member 3¢ will float upwardly through the drill string.
Accordingly, the bypass passageway 26 will be open and
the drilling mud standing within the drill string will
easily pass downwardly through the bypass passageway
2¢ to empty the drill siting as it is raised. This greatly
reduces the likelihood of having a wet stand of pipe.
Further, the drilling mud will draln from the drill string
substantially as fast as the bit is raised without an ap-
preciable pressure drop.  This substantially reduces the
tendency of the drill string to swab the hole as it is raised,
and therefore reduces the likelihood of caving the hole
in or starting a blow-cut due to a reduction of the hydro-
static pressure within the well bore.

If during the drilling operaticn the small openings 36
in the nozzles 34 become clogged by cuitings, lost cir-
culation material or any other foreign body, it is some-
times possible to clean the nozzles 34 in the following
manner without removing the bit 18 from the hole, First,
the drilling mud pumps are stopped and the buoyant
valve member 30 permitted to rise from the seat 28.
Then the drill string is rapidly reciprocated up and down
a few feet. Mud surging through the nozzles 34 may
dislodge the plugging material, and the dislodged mate-
rial will have a tendency to pass outwardly through the
substantially larger bypass passageway 26. Even if the
nozzles cannot be cleaned in this manner, the buoyant
valve member 38 may be removed from the drill string
and the drill bit 19 operated as a conventional bii rather
than as a fluid jet type bit.

In order to float the bouyant valve member 3¢ com-
pletely from the drill string so that it may be retrieved
by hand, it may be necessary to make the drill string stand
completely full of liquid by adding water, oil or mud that
has a density less than the density of the drilling mud
which is standing in the well bore annulus around the
drill string. Otherwise the level of the drilling mud
within the drill string will equalize with the level of the
mud within the well bore annulus, which may be sub-
stantially below the floor of the drilling rig and there-
fore below the top of the drill string. In any event, the
buoyant valve member 38 may easily be retrieved the last
few feet, or from any depth if necessary, by a conven-

* tional retrieving basket lowered by a wire line.

In the event circulation of the drilling mud is lost due
to the drilling mud entering the formations around the
well bore, it may be desirable to mix heavy concentra-
tions of lost circulation material with the drilling mud
in hopes that the lost circulation material will plug the
formation and permit proper circulation to be re-estab-
lished. 1In the more conventional fluid jet type drill bits
it would usually be necessary to remove the bit from the
hole and replace it with the conventional bit having suffi-
ciently large passageways to pass lost circulation mate-
rial, However, the improved drill bit 16 permits lost
circulation material to be added to the drilling mud with-
cut removing it from the hole, simply by permitting the
buoyant valve member 36 to float upwardly through the
drill string and retrieving it from the drill string as de-
scribed above. The lost circulation material may then be
circulated through the relatively large bypass passageway
26 as the bit 18 is operated in the conventional manner.
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In the event that circulation has been lost to the extent
that the drill string cannot be made to stand full of drill-
ing. mud, it will be impossible to float the valve member
30 from the drill string. In such an event a conventional
fishing basket may conveniently be lowered through the
drill string by a wire measuring line to the top of the
liquid standing in the string and the buoyant valve mem-
ber 30 retrieved. In addition to removing the buoyant
valve member 30 in order to permit use of lost circula-
tion material, it will be appreciated that the valve mem-
ber can be removed for any purpose, such as when it is
necessary due to mechanical failure to reduce the pump
pressure of the drilling mud. In such a case, the buoyant
" valve member 30 can be removed and the bit 16 operated
as a conventional bit rather than as a fluid jet type bit,
to thereby substantially reduce the pressure required.

5

10

15

In view of the above detailed description of a preferred

embodiment of the improved jet type drill bit, it will aiso
be obvious to those skilled in the art that the novel vaive
member 30 may be effectively utilized in connection with
other types of downhole tools without departing from
one important aspect of the present invention. Further,
it is to be understood that various changes, substitutions
and alterations can be made in the particular embodiments
disclosed without departing from the spirit and scope of
the invention as defined by the appended claims.

"~ What is claimed is:

1. An improved jet drill bit comprising, in combina-
tion: :

a drill bit having at least one fluid jet passageway means
through the bit for directing a jet of drilling mud
from the bit at high velocity, and having a fluid by-
pass passageway for passing drilling mud through the
bit,

a valve seat in the fluid bypass passageway, and a valve
member for seating on the valve seat and blocking
the downward passage of drilling mud through the
bypass passageway having a specific gravity less than
that of the drilling fluid being used with the drill bit,

whereby so long as drilling mud is pumped downwardly
through the drill bit the valve member will be seated
on the valve seat and the drilling mud will be pre-
vented from passing through the bypass passageway
and will be directed through the jet passageway
means, and upon cessation of the flow of drilling
mud, the valve member will float upwardly from
the valve seat to open the fluid bypass passageway
to and again permit the downward flow of mud
through the bypass passageway.

2. An improved drill bit for attachment to the lower
end of a tubular drill string through which drilling mud
is pumped downwardly to the bit for cleaning the well
bore, the improved drill bit comprising, in combination:

a drill bit having a body; .

at least ome fluid jet passageway means through the
body for directing a jet of drilling mud from the
body;

a fluid bypass passageway through the body for passing
drilling mud through the body;

a valve seat in the bypass passageway; and,

a valve member for seating on the valve seat and block-
ing the downward passage of drilling mud through
the bypass passageway having a specific gravity less
than that of the drilling fluid being used with the
drill bit,

wheteby the valve member will be seated when drilling
mud is pumped downwardly through the drill string and
the valve member will be floated upwardly through the
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drill string by the drilling mud standing therein when

pumping of the drilling mud is stopped to open the by-
pass passageway and again permit the downward flow of
fluid through the bypass passageway.

3. An improved drill bit for attachment to the lower
end of a tubular drill string through which drilling mud
is pumped downwardly to the bit for cleaning the well

70

75
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bore, the improved drill bit comprising the combination
as defined in claim 2, wherein:

the valve. member is spherically shaped and is suffi-
_ciently small to pass downwardly through the tubu-
lar drill string and sufficiently large to seat-on the
valve seat.

4. An improved drill bit for attachment to the lower
end of a tubular drill string through which drilling mud
is pumped downwardly to the bit for cleaning the well
bore, the improved drill bit comprising in combination:

a drill bit having a cylindrical body and a plurality
of cutting members disposed at the lower end thereof
for cutting a bore;

a central fluid passageway extending longitudinally
through the center portion of the body;

a fluid jet passageway means in fluid communication
with the central fluid passageway means at a mid-
point of ‘the body, the fluid jet passageway means
having a plurality of jet nozzle means in the lower
end of the body for directing a jet of drilling mud
downwardly for cleaning the bore;

a valve seat in the central fluid passageway below the
point at which the fluid jet passageway means com-
municates with the central fluid passageway means;
and,

a valve member having a specific gravity less than that
of the drilling flnid being used with the drill bit for
seating on the valve seat and blocking the downward
passage of pumped drilling mud through the central
fluid passageway,

whereby the pumped drilling mud will be prevented from
passing through the central finid passageway and will be
forced through the jet nozzle means at high velocity to
clean the well bore, and when pumping of the drilling
fluid is ceased, the buoyant valve member will be buoyed
upwardly by the drilling mud to open the central fluid
passageway. S

5. A method for operating a downhole valve mecha-
anism comprised of an annular seat formed in a fluid pas-
sageway which is to be opened and closed and a valve
member having a specific gravity less than that of the
fluid being passed through the fluid passageway and adapt-
ed to seat on the anmular seat to block fluid passage there-
through, the method comprising the steps of:

pumping the valve member -downwardly to the valve
seat by pumping a liguid of greater specific gravity
than the valve member downwardly through the fluid
passageway at-a velocity greater than the rate at which
the valve member will rise through the liquid until
-the valve member is seated,

maintaining the valve member seated on the valve seat
by maintaining a pressure differential across the valve
member sufficient to ‘overcome any buoyant force
exerted by the liquid on the valve member; and

reducing the pressure differential across the valve mem-
“ber to permit thé valve member to float free of the
valve seat and open the valve mechanism and permit
the subsequent downward passage of fluid through the
passageway.

6. In combination:

a tool for insertion in a well bore,

a fluid passageway through the tool;

an upwardly facing annular valve seat in the fluid pas-
sageway; and :

a valve member having a specific gravity less than
that of the fiuid in the well bore. for seating on the
valve seat and blocking the downward flow of fluid
through the fluid passageway and floating from the
valve seat upon-equalization of pressure across the
valve seat;

whereby the valve formed by the valve seat and valve
member may be repeatedly opened and closed at will by
alternately starting and stopping the downward flow of
fluid through the fluid passageway.
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7. A drill bit comprising:

a rotary bit having a plurality of fluid passageways
with jet nozzles therein for directing jets of drilling
floid downwardly from the bit onto the bottom of
the borehole,

a centrally Jocated bypass passageway for passing driil-
ing fluid downwardly through the bit, the bypass pas-
sageway having a cross-sectional area substantially
greater than that of the jet nozzles for passing fluid
through the bit substantially more freely,

an upwardly-facing, annular seat formed in the bypass
passageway, and

a valve member having a specific gravity less than that
of the drilling fiuid to be used for seating on the
valve seat, the valve member being free to rise from
the bit into a drill string connected to the bit,

whereby the bypass passageway may be closed and the
bit operated as a jet bit by pumping the valve member
down against the seat, and the bypass passageway may
be opened to permit the downward flow of drilling fluid
by temporarily stopping the downward flow of drilling
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fluid and permitting the valve member to float upwardly
irom the seat.
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