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UNITED STATES PATENT OFFICE 
EARTHE ESRING APPARATUS 

John H. Crowell, Houston, Tex, assignor to 
Crowel Consulting Company, Houston, Tex., a copartnership 
Application April 24, 1948, Serial No. 23,053 

13 Claims. (Cl. 255-2) 
1. 

This invention relates to drilling into earth 
formations at the botton of a body of water (for 
example, into the ocean bottom in coastal 
waters); and more particularly it is directed to 
drilling for seismic prospecting in Such forma 
tions. The invention provides improved appa 
ratus which may be sunk to the botton of the 
body of water, and operated from the surface of 
the water to drill a hole in the underwater earth 
formation and then to detonate an explosive at : 
the bottom of the hole. The seismic waves 
created by the explosion are trainShitted through 
the earth formations and are recorded on ship 
board instruments connected to geophones 
placed on the sea floor of suspended from the 
ship in the usual manner incident to seismic prospecting. 
The apparatus of the invention basically coin 

prises a submergible bell which raay be sunk to 
the bottom of the body of water, and a drill pipe : 
extending through the bell and held upright 
thereby; together with means for rotating the 
drill pipe while submerged to drill a hole in the 
ground at the bottom of the body of water, and 
means for firing an explosive at the bottom of the 2. 
hole after it has been drilled. 
In seismic prospecting on land it is customary 

to drill a hole twenty to fifty or so feet deep with 
portable drifling apparatus, and then to detonate 
a small explosive charge at the bottoni of the hole 
after the drill has been withdrawn. This method 
is not adaptable to seismic prospecting in under 
water formations, because it is not practical to 
Ioad an underwater drill hole with an explosive 
charge after withdrawal of the drill. According 
ly, the method heretofore used for seismic pros 
pecting in coastal waters has involved simply 
dropping a charge of explosive to the bottom of 
the water, or suspending it in the water and det 
onating it. While it is possible to obtain some 

- Worthwhile information regarding underwater 
earth formations in this manner, the method is 
subject to two serious defects. . 

In the first place, an explosive detonated 
while ... simply resting on the sea floor or StiS 
pended in the water gives rise to only relatively 
feeble seismie waves through the underwater 
earth formations. Such waves often are too weak 
to be clearly recorded or accurately interpreted. 
Waves from such explosions that are reflected 
from the surface of the water and from the sea 
floor itself, noreover, interfere with the Seismic 
waves traversing the formations whose charac 
ter is to be ascertained, thus making an aiready 

2. 
difficult task of recording and interpreting the 
waves even more difficult. 

in the Second place, explosive charges det 
onated on the Sea, iioor or Suspended in the Water 

5 in coastal Waters often kill many fish. There is 
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frequent conflict between geophysicists seeking 
authority to detonate explosive charges in 
coastal waters for seismic prospecting purposes, 
and fishermen seeking to prevent such ex 
piosions in order to protect imarine life. There 
have been occasions when governmental au 
thority has forbidden the detonation of explosives 
On the floor of the sea, in coastal waters because 
of the harmful effect on fish life. 
The invention provides effective apparatus for 

drilling a hole in earth formations in the bottom 
of the Sea, or other body of water, and for det 
onating an explosive at the bottom of a drill hole 
when it has been completed. By use of this new 
appalcatus, explosions for seismic prospecting 
may be produced under conditions giving as re 
liable and as easily interpreted recordings of seis 
ific waves aS can be produced on dry land; and 
at the same time the explosions are rendered sub 
Stantially harnless to fish life. 
The new apparatus comprises a submergible 

bell having a closed buoyancy chamber in its 
tippeir portion and a broad, flat ballasted bot 
toin which, When the bell is lowered to the sea, 
floor, rests stably thereon. A drill pipe which is 
rotatable and vertically movable extends through 
the bell and is held upright thereby. An expend 
able drill pipe section and bit are provided at the 
lower end of the drill pipe. The upper end of the 
drill pipe, above the bell, is closed, and is pro 
vided with a swivel connection through which a 
stream of Water may be passed to Wash cuttings 
out of the drill hole. A motor for rotating the 
drill pipe when the bell is submerged also is pro 
vided. The motor preferably is so arranged that 
it imparts not only a turning moment, but also 
a downward thrust to the drill pipe, to force the drill down duiring drilling operations. The drill 
pipe accommodates a charge of explosive which 
is placed in position before the apparatus is sub 
merged. Then, when the hole has been drilled 
to the desired depth, this explosive is detonated 
at the expandable lower section of the drill pipe, 
and the seismic waves thereby produced are re 
corded in the usual manner. . 
The upper end of the drill pipe normally is 

closed during drilling operations, so that the 
water introduced into the pipe will flow down 
through the pipe to Wash the cuttings back up 
the hole outside the pipe. This closure, however, 
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is arranged so that it may be opened shortly be 
fore or at the time of the explosion, to prevent 
the back pressure developed in the drill pipe by 
the explosion from damaging the apparatus. 
While the apparatus is submerged, it is con 

nected to a ship at the surface, from which the 
drilling operations are conducted, by hose lines 
and electric cables for operating the drilling mo 
tors, for supplying water under pressure to the 
drill pipe, and for detonating the explosive; and 
it is also connected to the ship by a recovery 
cable or chain. After the explosive has been 
fired, the apparatus is raised to the Surface, the 
expendable drill pipe section that was destroyed 
When the explosive was detonated is replaced, 
and a fresh charge of explosive is loaded in place. 
Any other operations necessary to ready the ap 
paratus for drilling and firing a new hole are also 
performed, and the bell is then again submerged 
in a new location for repeating the procedure. 

- Several modifications of the new apparatus, 
embodying the features briefly mentioned above 
and other features as well, are shown in the ac 
companying drawings, wherein . . . . . 

Fig.:- is a vertical cross Section through One 
form of underwater drilling apparatus shown in 
position for drilling; 

Fig. 2 is a cross section similar to Fig. 1 through 
another form of underwater driling apparatus; 

Fig. 3 is a view similar to Figs. 1 and 2 of still 
another modification of the new underwater drill 
ing apparatus; 
- Fig. 4 is a cross section similar to Figs. 1 to 3 
through yet another modification of the appa 
ratus; . ... Fig. 5 shows schematically the relation between 
the new underwater drilling apparatus and a 
ship from which drilling operations are conducted 
while drilling is in progress; 
Fig.6 shows how the new apparatus may be 

carried by the ship from one drilling location 
to another; and Fig. 7 is an enlarged view of the drill pipe recov 
ery wedges shown in Fig. 1. - 

Referring first to the form of apparatus shown 
in Fig. 1, it comprises a submergible bell 0 hav 
ing a closed buoyancy chamber in its upper 
portion and a broad, fiat bottom 2. A Substan 
tial load of ballast 3 is provided to weight the 
bottom so that the bell will rest stably on the 
earth at the bottom of the body of water in which 
it is submerged. A sleeve. 4 extends vertically 
through the bell, and a drill pipe 5 extends 
through this sleeve. The drill pipe is free to 
rotate and to move axially in the sleeve, but it 
is held thereby in upright position when the 
bell is lowered to the bottom of a body of Water. . 
The length of the drill pipe should be substan 
tially equal to the depth of hole it is desired to 
drill plus the height of the bell. Generally from 
25 to 50 feet of drill pipe is sufficient for drilling 
a hole of adequate depth for seismic prospect 
ing, without becoming unwieldy during use of the 
apparatus. 
... The drill pipe is rotated for drilling by hy 
draulic motors 6 to which Water under pres 
sure is supplied from the surface through hoses 
7. The motors are arranged to drive a plurality 

of rollers 8 (advantageously faced with rubber) 
which are held in tight frictional contact with 
the drill pipe 5 by the bearings in which they 
are mounted. When water under pressure is 
Supplied to the motors 6, they cause rotation of 
the rollers i8 in the directions indicated by the 
arrows, thereby rotating the drill pipe. ... The 
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water has been displaced by air. 

4. 
rollers 8 are mounted with their axes inclined 
at an acute angle to the axis of the drill pipe, 
rather than parallel thereto. The direction of 
inclination with respect to the direction of ro 
tation is Such that when the rollers are turned, 
the force they exert on the drill pipe has a down 
Ward component as well as a tangential com 
ponent. Thus a downward thrust is exerted on 
the drill pipe while it is being rotated during 
drilling operations. 
The bell includes a floodable compartment 9 

between the closed buoyancy chamber and 
the ballast 3. Walved vent pipes 20 are con 
nected to the top of this compartment, and ports 
2 are provided near its bottom. The vent pipes 
permit air to be vented from the compartment 
9 when it is desired to flood it, and the ports 2 
provide for the flow of water into and from the 
Compartment. The weight of the bell, when the 
floodable compartment is filled with water, is 
Substantially greater than the weight of the vol 
ume of Water it displaces, but is about equal to 
Such weight when the fioodable compartment is 
filled With air. The exhaust from the hydraulic 
motors is connected through pipes 22 with the 
interior of the floodable compartment 9. This 
arrangement is Such that when the bell is about 
to be submerged, the floodable compartment 9 
is vented by opening the vent pipe valve until 
the compartment is filled with water, and then 
closing it. The Water supplied to the hydraulic 
motors during drilling operations exhausts into 
the compartment 9, and escapes through the 
portS 2. When at the conclusion of drilling op 
erations it is desired to raise the bell, compressed 
air is delivered through the hoses it to the mo 
tors 6, and it flows thence through the pipes 
22 into the compartment is, displacing the water 
therein and lightening the bell. It is then com 
paratively easy to raise the bell to the Surface 
by means of a recovery chain 23 permanently 
attached to it. The exhaust ports 2d may be fitted 
With check Valves which permit Water...to escape 
from the compartment during drilling, but which 
prevent water from flowing back in after the 

In Such case 
special provision must be made for flooding the 
compartment when the vent pipe valve is opened. 
A swivel plate 24 is screw-threaded to the 

upper end of the drill pipe, and is Swivelly con 
nected to a water inlet box 25. Water, under 
preSSure is supplied from the Surface through a 
hose 26 to the water inlet box and therethrough 
to the drill pipe. This water travels through the 
drill pipe and Washes cuttings back up out of 
the hole during drilling operations. The water 
and the cuttings pass through escape passages 27 
in the ballast 3 to the surrounding water. 
An expendable drill pipe section 28 is con 

nected to the lower end of the drill pipe 5. A 
drill bit 29 is fastened to the lower end of this expendable section. In the apparatus of Fig. 1, 
the expendable lower section comprises a pipe 
section 30 of the same outside diameter as the 
drill pipe, and a lower pipe section 3 of smaller 
diameter secured thereto. A cylindrically 
formed explosive charge 32 is mounted concen 
trically about the Small diameter pipe section 3, - 
and is itself of such size as not to have an out 
side diameter greater than the drill pipe. , 
The explosive 32 is detonated at the proper 

time by inducing an electric current in a coil 33 
surrounding the drill pipe f5 just above the ex 
pendable lower section 28. This coil is con 
nected by wires 34 to a detonator imbedded in the 
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explosive charge. The wires 34 may be taped 
tightly to the drill pipe before drilling operations 
begin, to protect them from damage during drill 
ing; and for further protection, they may be re 
ceived in a longitudinal groove 35 formed in the 
pipe section 30. For purposes of clarity, the 
wires 34 are shown outside the groove 35 in Fig. 1. 

En Order to induce a detonating current in the 
coil 33, a Second coil 36 mounted in the bell also 
surrounds the drill pipe 5. This second coil is 
Connected to the ship from which operations are 
conducted by wires 37. The two coils 33 and 38 
are inductively coupled by the steel drill pipe 45. 
Consequently, when a heavy surge of current is 
passed through the coil 3S in the bell, a current 
is induced in the lower coil 33, thereby setting off 
the explosive. The Surge of current passed 
through the upper coil 36 comes, of course, from 
a battery or generator to which the wires 37 are 
connected on board the ship. 
When the explosive is detonated, a back pres 

SEre Wave of considrable magnitudes is de 
veloped within the drill pipe. To prevent this 
pressure wave from damaging the equipment, 
provision is made for opening the normally closed 
upper end of the drill pipe. In the form of ap 
paratus shown in Fig. 1, this is accomplished by 
the provision of ears 38 projecting laterally from 
the Swivel plate 24. The ears are arranged to 
engage with lugs 39 fastened to the top of the 
bell when the drill pipe has descended far 
enough through the bell to bring the swivel plate 
to the level of the top of the bell. This, of 
course, occurs when the drill hole has been driven 
to the maximum depth possible With the length 
of drill pipe used. The swive plate 25 normally 
rotates with the drill pipe 5, but as Soon as the 
ears 38 engage with the lugs 39, it is no longer 
free to do SO. Continued rotation of the drill 
pipe by the motor-driven rollers i8, therefore, 
causes the drill pipe to be unscrewed from the 
Swivel plate. The SWive plate and iniet box 23 
fastened thereto fall off to the side, thus opening 
the upper end of the drill pipe. 

It is apparent that opening the upper end of 
the drill pipe 5 in this manner occurs as soon as 
the drill hole has been bottomed, and before 
the explosive charge is detonated. As soon, as 
the SWive plate 24 is unscrewed from the drill 
pipe, the pressure of the Water fed through the 
hose 26 decreases. This pressure decrease can 
be noted on board the operations ship, and pro 
vides a clear indication that the hole has been 
completed. Thereupon the supply of water to 
the motors i 6 can be discontinued and the explo 
sive charge can be detonated. The back pres 
Sure wave developed by the explosive inside the 
pipe passes harmlessly through it, once its upper 
end has been opened. 
The explosion, of course, destroys the lower 

expendable Section 28 of the drill pipe. Conse 
quently, When the bell is brought to the surface 
after the explosive has been fired, the remnants 
of the damaged expendable lower section are 
removed from the drill pipe and a news expend 
able lower section is fastened in place to prepare 
the apparatus for the next shot. The pipe sec 
tion 30 at the upper end of the expendable sec 
tion is made long enough so that the drill pipe 
above it is not damaged. 
The Swivel plate 2A and the Water inlet box 25 

hang from the end of the hose 26 when the bell 
is brought to the surface after firing the explo 
Sive. It is easily retrieved and screwed back on 
to the drill pipe for the next drilling operation. 
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6. 
To insure retrieving the drill pipe 5 when the 

belf 0 is raised to the surface (the grip of the 
driving rollers 8 may not always be sufficient), 
a series of wedges 40 are secured about the pe 
riphery of the drill pipe by links 4 to... wedge 
blocks 42 fastened to the botton of the bell. 
These Wedges are shown on an enlarged scale in 
Fig. 7. When the bell is raised to the surface, 
the wedges 43 are drawn tightly between the drill 
pipe and the wedge blocks 42, and by their fric 
tional grip on the drill pipe cause it to be raised 
With the bell. The pipe-gripping faces of the 
wedges are provided with teeth. $3 pitcied. iike 
Screw threads at an angle to the axis of the drill 
pipe. When the drillpipe is being rotated during 
drilling operations, these teeth cause the wedges 
to be raised enough to germit the turning pipe 
to pass down through the bell; but when rotation 
of the drill pipe ceases and the bellis raised, they 
grip the pipe tightly. 
The form of apparatus shown in Fig. 2 is geni 

erally the same as that shown in Fig. 1, but with 
modifications in the construction of the bell it 
self and in the construction of the water inlet 
box. The bell 45 shown in Fig. 2 has a buoyancy 
chamber 6 in its upper portion and a broad, flat 
bottom 3. A sufficient load of ballast 48 is pro 
Wided in the lower portion of the bell to impart 
to it a total welght Somewhat greater than the 
Weight of the volume of Water it displaces, so that 
it will rest stably on the ground at the bottom 
of the water in which it is submerged. A length 
of drill pipe 49 passes through a vertical sleeve 
3 in the bell and is held upright thereby. The 
drill pipe is rotated during drilling operations by 
hydraulic motors 5 driving rollers 52, which bear 
tightly against the cirill pipe, all generally in the 
same manner as in the apparatus shown in Fig. 1. 
The Inotors are mounted in the bell in a moto 
compartment 53. The bell 45 is not provided with 
a fioodable compartment between the buoyancy 
chamber 46 and the ballast 48. Consequently, the 
exhaust from the motors discharges directly into 
the motor compartment 53, and therefrom is ex 
hausted to the Surrounding Water through ports 
54. 
An explosive charge 65 is carried on an expend 

able lower drill pipe section 56, similarly to the 
corresponding expendable lower section 28 of the 
apparatus shown in Fig. 1. Firing of the explo 
sive 55 is accomplished by inducing a detonating 
current in a coil if surrounding the drill pipe just 
above the expendable lower section 55. In the 
apparatus of Fig. 2, this detonating current is 
induced by passing a heavy current from the ship 
at the Surface of the Water through wires 58 con 
nected to a coil 59 mounted on the bell. The fir 
ing arrangement thus is similar to what has been 
described above in connection with Fig. 1, except 
ing only that the coil 59 surrounds the entire 
bell rather than just the drill pipe. The two 
coils are inductively coupled, however, by the 
steel drill pipe and the steel of the bell. 
Water to facilitate drilling is supplied to the 

interior of the drill pipe 9 through a hose 6 con 
nected to a water inlet box 6 f, which in turn is 
fastened to a swivel plate 62 attached to the 
upper end of the drill pipe. Unlike the apparatus 
shown in Fig. 1, the swivel plate 62 is not intended 
to be unscrewed from the drill pipe when the 
drill hole has been bottomed. Instead, to relieve 
the back pressure wave created in the drill pipe 
when the explosive is fired, a blow-out plate 63 
is mounted in the top of the water inlet box. 
This plate is simply pressed tightly into an aper 
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ture for receiving it in the inlet box cover 64. It 
is held in place frictionally, like the top on a paint 
can, with sufficient tightness to withstand the 
preSSure of the Water forced through the inlet 
box during drilling, but not tightly enough to 
withstand a substantially greater pressure cre 
ated in the pipe when the explosive is detonated. 
Consequently, upon firing the explosive, the back 
preSSure Wave simply blows the plate 63 out of the 
aperture in which it is pressed, thus opening the 
upper end of the drill pipe and preventing dam 
age to the apparatus. 
When the bell 45 is raised to the surface, after 

a hole has been drilled and fired, the drill pipe 
is brought up with it because the Swivel plate 
62, being larger than the sleeve. 50 in which the 
drill pipe is received, prevents the bell from being 
pulled away from the drill pipe. 
The form of apparatus shown in Fig. 3 is es 

sentially the same as shown in Fig. 2, except for 
modifications in the arrangement for firing the 
explosive when the drill hole has been completed, 
and Some modification in the design of the Water 
inlet box. Here the bell 65, the drill pipe 66, 
and the hydraulic motors, 67 by which the drill 
pipe is rotated are all about the same as shown 
in Fig. 2. However, the expendable lower Section 
68 of the drill pipe is simply a short length of the 
pipe itself, to which a drill bit 69 is attached. 
The explosive charge 70 is carried in a recep 

taclef inside the drill pipe at its upper end. For 
this purpose, the upper end of the drill pipe is 
provided with a head 72 which Serves also as a 
swivel element. The explosive receptacle 7 f is 
tubular, with an inside diameter no larger than 
the inside diameter of the drill pipe. Its upper 
end is mounted in the head on a pivot pin 73, 
substantially on the axis of the drill pipe. Its 
lower end is connected by a link or flexible wire 
4 to a push rod 75, which in turn is normally 
acted on by a compression spring 76 to hold the 
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lower end of the explosive receptacle away from - 
axial alignment. with the drill pipe. By pushing 
in on the push rod, however, the lower end of the 
explosives, receptacle 7 ?. may be brought into 
axial alignment with the drill pipe 66. A guide 
plate 77 of suitable shape is provided to insure 
proper alignment of the explosives receptacle 
with the drill pipe when the push rod is pressed 
in to its full extent. By making the guide plate 
77 in the form of a strong permanent magnet, 
it can also serve to hold a steel explosives re 
ceptacle in the proper alignment into which it 
guides it. . . . . - - 

The head 2 is swively connected to a water 
inlet box E8. Flanges 79 prevent axial movement 
of the inlet box with respect to the drill pipe, 
but permit free rotation of these parts relative 
to one another. Openings 80 in the head adja 
cent the water inlet box provide for the flow of 
water between these two elements. A Supply of 
water to facilitate drilling is delivered to the wa 
ter inlet box through a hose 3 ?, and normally 
it flows through the openings 80 and thence di 
rectly down the drill pipe, washing cuttings back 
out of the hole. , - 
When the hole has been drilled to the full 

depth permitted by the length of drill pipe used, 
its head 72 comes in contact with the top of 
the bell, where a cam ring 82 is mounted. The 
cam ring has an inner surface 83 positioned to 
engage with the push rod 75, and force it in 
wardly as the head comes into contact with the 
top of the bell. Thereby the lower end of the 
explosives receptacle is brought into coaxial align 

80 

of the drill pipe. 

2 by spring clips. 9. 

8. 
ment with the drill pipe, interfering with free 
flow of water directly from the head 72 into the 
main length of drill pipe 66. The upper end 84 
of the explosives receptacle is open, however, so 
that as soon as the lower end of the explosives 
receptacle moves into coaxial alignment with the 
drill pipe, the pressure of the water delivered 
through the hose 8 acts on the upper surface 
of explosive charge 0 in the receptacle and 
forces it, like a piston, down through the drill 
pipe to the expendable lower section 68. With 
the explosive now more or less plugging the drill 
pipe, an increase in the pressure of the water 
delivered through the hose 8 will be indicated 
on pressure gauges connected with the pump on 
the ship from which the water is supplied, pro 
viding thereby an indication that the drill hole 
has been bottomed and that the explosive charge 
is in position to be fired. . 
The explosive is connected by wires 85 to slip 

rings 86 mounted on the drill pipe head 2. When 
the explosive charge is first placed in the recep 
tacle 7A, these wires are coiled so as to pay out 
freely when the explosive is forced to the bottom 

The slip rings 86 are in con 
tact with brushes 87 connected by wires 88 to 
the ship from which operations are conducted, 
so that a detonating current can be delivered 
to the explosive charge by closing the circuit 
through the brushes and the explosive by means 
of a switch on board the ship. 
The upper end of the drill pipe is closed dur 

ing drilling operations by a blow-out closure 
plate 83 held in place at the top of the head 

The spring clips hold the 
closure plate in place tightly enough to with 
stand the pressure of the water supplied to the 
interior of the drill pipe during normal drilling 
operations; but they enable the plate to be blown 
off by the substantially greater force of the back 
pressure wave created in the pipe when the ex 
plosive is fired. . . . . . 
The apparatus shown in Fig. 4 is generally the 

same as that shown in Fig. 3, except that differ 
ent means than the hydraulic motors 6 are pro 
vided for turning the drill pipe during drilling, 
and a somewhat different arrangement for firing 
the explosive is provided. . . . . . 
The bell 9 of Fig. 4 supports a drill pipe 92 

in upright position for drilling, and the drill pipe 
is provided with an expendable lower section 93 
to which a bit 94 is attached substantially as 
described above. The upper end of the drill pipe 
is provided with a head 95 swivelly connected 
to a water inlet box 96. Inside the head 95 is 
an explosives resceptacle 97 of the same type 
and arranged for operation similarly to that de 
scribed in connection with Fig. 3, Wires 98, 
however, connect a detonator 93 in the explosive 
with a firing coil it 6, rather than with slip rings 
as described in connection with Fig. 3. The coil 
f) () is mounted on the head 95 and rotates with 
the drill pipe. A second coii i Si mounted on 
the water inlet box 96 is electrically connected 
by wires 02 to the ship from which operations 
are conducted. The two coils are inductively 
coupled by virtue of being in close proximity to 
one another, and by means of the steel of the 
water inlet box and the head. Consequently, 
when a heavy surge of current is caused to flow 
through the coil is on the Water illet box, a 
firing current is induced in the firing coil 6, 
thus setting off the explosive. This firing ar 
rangement is in principle the same as described 
in connection with Figs. 1 and 2, but here the 
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two coils are in close proximity and are closely 
eoupled inductively, so that they operate more 
efficiently. 
Water is delivered to the interior of the head 

95 at the upper end of the drill pipe through 
a hose fo3 connected to a pipe (4 which in turn 
is rigidly connected to the Water inlet box 96. 
Projecting laterally from the head 95 are two or 
more jet pipes 35 provided at their outer ends 
With nozzles having apertures S. The nozzles 
and nozzle apertures are directed substantially 
tangentially to the circle described by the outer 
iends of the jet pipes 05 when the drill pipe 
rotates, and also they are directed somewhat 
upwardly. A deflector plate 87 Substantially in 
the form of a truncated cone is mounted in the 
head 95 of the drill pipe about at the point where 
the jet pipes 65 communicate with the interior 
thereof (the deflector pate is formed with a slot 
to permit the explosive; receptacle 9 to occupy 
the position shown in the drawing). Conse 
quently, a part of the Water supplied under pres 
Stre to the interior of the head is deflected out 
through the pipes 85 and escapes as jets through 
the nozzle apertures 6 into the Surrounding 
Water in which the apparatus is submerged. The 
reaction of these jets imparts a rotating force 
to the drill pipe, thereby turning it for drilling 
Operations. Since the jets are directed slightly 
upwardly, as well as tangentially, the reaction 
to the escaping jets also imparts a downward 
thrust to the drill pipe, causing the bit 94 to 
dig into the ground at the bottom of the drill 
hole. 
That portion of the Water entering the head 

95 which is not deflected through the jet pipes 
passes down through the drill pipe 92 during 
drilling, and washes cuttings back up through 
the drill hole and out through an escape port 
408 extending through the ballast in the lower 
portion of the bell 9. 

In order to prevent the wires 62 and hose G3 
from becoming entangled with the drill pipe 92 
and jet pipes 5 during drilling operations, a 
mast 109 is firmly secured to the bell 9 and ex 
tends upWardly parallel to the drill pipe. 
mast is mounted in position to engage with the 
pipe 4 through which water enters the inlet 
box 96, preventing any accidental turning of the 
water inlet box while the drill pipe is rotating. 
The danger of entangling the hose and wires 
with the drill pipe can be further reduced by 
making the mast hollow and by passing the hose, 
With wires taped thereto, through the mast about 
to its center, substantially as shown. Then only 
a length of hose and wires about equal to half 
the depth of the hole to be drilled need be exposed 
in the open water to the danger of entangle 
ment. 

- The way in which the new apparatus is used is 
shown Schematically in Figs. 5 and 6. Fig. 5 
shows a ship anchored at the surface of a 
body of Water in which a bell of the charac 
tel above described is submerged. The ship is 
connected with the bell by hose lines 2 through 
which water is supplied to the hydraulic or jet 
motors for tuirning the drill pipe, and to the 
drill pipe for washing cuttings from the hole. 
Wires taped to the hose lines also connect the 
ship with the bell for the purpose of detonating 
the explosive when the drill hole has been bot 
tomed. A recovery chain or cable 3 extends 
between the bell and the ship, so that the beli 
can be raised to the surface after the explosive 
has been fired. The ship or a companion ship 
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may carry whatever apparatus is necessary for 
detecting and recording seismic waves provided 
in the underwater earth formations when the 
explosive is fired, as is customary in seismic pros 
pecting. The bell is shown in Fig. 5 with 
the drill pipe 4 projecting up above it, as it 
does When drilling operations are just getting 
under Way. 

Fig. 6 shows how the bell fi may be carried 
by the ship from one drilling location to another. 
When the bell is raised alongside the ship, as 
shown in Fig. 6, and while it is being moved, 
the damaged expendable section at the lower 
end of the drill pipe is replaced, the drill pipe 
is moved back up through the bell into position 
for commencing a new drill hole, a new charge 
of explosive is set in place and connected for 
firing, the upper end of the drill pipe is again 
closed (as by reattaching the swivel plate 2 of 
Fig. 1 or by replacing the blow-out cap of Figs. 
2 to 4), and the bell otherwise is readied for drill 
ing and firing a new hole. 
The various modifications of the new apparatus 

shown in the drawings and described above are 
only illustrative of the invention. The various 
features of the invention may be combined in 
other Ways than those Specifically shown. 

I claim: 
1. Apparatus for drilling into earth formations 

at the botton of a body of Water comprising a 
bell having a closed buoyancy chamber in its 
upper portion and a ballasted lower portion, a 
vertical drill pipe extending through and held up 
right by said bell, said drill pipe being rotatably 
and vertically movable relative to the bell, a drill 
bit on the lower end of said pipe, a Water inlet 
box swivelly connected to the drill pipe at its 
upper end, a hose connected to said inlet box for 
delivering a stream of Water to the interior of 
the drill pipe, a motor for rotating the drill pipe 
when the bell is submerged to the botton of the 
body of Water, a vertical mast extending upward 
ly from the bell, and a projection extending lat 
erally from the inlet box into engagement with 
the mast, whereby accidental rotation of the inlet 
box with the drill pipe and danger of entangle 
ment of the hose with the drill pipe is prevented. 

2. In apparatus of the character described, a 
submergible bell, a completely submergible drill 
pipe extending completely through said bell and 
arranged to be held upright thereby, said drill 
pipe projecting beyond the top and bottom Sur 
faces of the bell and being rotatable and vertical 
ly movable relative to the bell, and a jet notor for 
rotating the drill pipe comprising a jet pipe Se 
cured to and extending laterally from the drill 
pipe at a point above the bell, said jet pipe con 
municating with the interior of the drill pipe and 
being provided at its outer end with a nozzle di 
rected substantially tangentially to the circle de 
scribed by the outer end of the jet pipe during ro 
tation of the drill pipe, and neans for delivering 
a stream of water under pressure through Said 
jet pipe comprising a water inlet box Swively con 
nected to the drill pipe at its upper end and a 
hose connected to said water inlet box for deliv 
ering a stream of water to the interior of the drill 
pipe. 

3. In apparatus of the character described, a 
submergible bell, a completely submergible drill 
pipe extending completely through said bell and 
arranged to be held upright thereby, Said drill 
pipe projecting beyond the top and botton Sur 
faces of the bell and being rotatable and ver 
tically movable relative to the bell, and a jet no 
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...tor for rotating the drill pipe and imparting a 
downward thrust thereto comprising a jet pipe 
Secured to and extending laterally from the drill 
pipe at a point above the bell, said jet pipe conn 
municating at its inner end with the interior of 
the drill pipe being provided at its outer end with 
a nozzle directed both slightly upwardly and 

... Substantially tangentially to the circle described 
by the outer end of the jet pipe during rotation 
of the drill pipe, and means for delivering a 
stream of water under pressure through said jet 
pipe comprising a water inlet box swivelly mount 
ed on the upper end of the drill pipe and a hose 
connected to the water inlet box for delivering 
a stream of water to the interior of the drill pipe. 

4. In drilling apparatus of the character de 
Scribed, a Submergible bell, a drill pipe extending 
through said bell and arranged to be held up 
right thereby, said drill pipe being rotatable and 
vertically movable relative to the bell, a head 
Secured to the upper end of the drill pipe above 
the bell, a water inlet box swively connected to 
said head and communicating therewith, a plu 
rality of jet pipes extending laterally from said, 
head, the outer end of each of said jet pipes be 
ing provided with a nozzle directed slightly up 
wardly and substantially tangentially to the 
circle described by the outer end of the jet pipes 
during rotation of the drill pipe, whereby wa 
ter admitted under pressure to the water inlet, 
box flows into the head and escapes in part 
through the jet pipes, imparting a rotating force 
and downward thrust to the drill pipe, and in 
part through the drill pipe, facilitating drilling 
Operations. s 

5. In seismic prospecting apparatus of the 
character described, a submergible bell, a com 
pletely submergible drill pipe extending com 
pletely through the bell and arranged to be held 
upright thereby, an expendable drill pipe sec 
tion and bit at the lower end of said drill pipe, 
a water inlet box swivelly connected to the upper 
end of the drill pipe, a motor for rotating the drill 
pipe When the bei is submerged to the botton 
of a body of water, thereby to drill a hole in 
the earth formation at the bottom of said body 
of water, and means for detonating an explosive 
charge at the expendable drill pipe section when 
the hole has attained desired depth, said detonat 
ing means comprising a first coil mounted on the 
Water inlet box, a second coil rotatable With the 
drill pipe relative to said first coil, said coils being 
in close proximity to each other and inductively 
Coupled, Wires connecting said second coil to a 
detonator in the explosive charge, and means for 
passing an electric current through said first coil, 
Whereupon a detonating current is induced in 
Said second coil. 

6. In Seismic prospecting apparatus of the 
character described, a submergible bell having a 
closed buoyancy chamber in its upper portion 
and a ballasted lower portion, a drill pipe sleeve 
extending vertically completely through the bell 
and Opening at both its ends to the outer surface 
of the bell, a drill pipe extending completely 
through the drill pipe sleeve and arranged to be 
held upright thereby, an expendable drill pipe 
Section and bit at the lower end of said drill pipe, 
an explosives receptacle mounted at the upper 
end of the drill pipe above the bell, means for 
normally holding a charge of explosive in said 
explosives receptacle, a cam operated push rod 
for moving the charge of explosive from engage 
ment With Said holding means into coaxial align 
ment With the drill pipe, and means for trans 
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ferring the charge of explosive from said recep 
tacle through the drill pipe to the expendable 
Section at the lower end thereof. w 

7. In Seismic prospecting apparatus of the 
character described, a submergible bell, a drill 
pipe extending through the bell and arranged 
to be held upright thereby, an expendable drill 
pipe section and bit at the lower end of said drill 
pipe, a tubular explosives receptacle mounted at 
the upper end of the drill pipe above the bell, 
means normally holding said receptacle away 
from coaxial alignment with the drill pipe, a 
push rod for moving said receptacle Substantially 
into coaxial alignment with the drill pipe, where 
by an explosive charge in said receptacle may 
be delivered into the drill pipe for transfer to 
the expendable lower end section thereof, means 
for rotating the drill pipe and causing it to 
descend relative to the bell, and a cam at the 
top of the bell positioned to engage with the 
push rod to actuate movement of the receptable 
into coaxial alignment with the drill pipe when 
the upper end of the drill pipe has descended 
to the top of the bell. - 

8. In Seismic prospecting apparatus of the 
character described, a drill pipe having an ex 
pendable lower section, a head secured to the 
upper end of the drill pipe and communicating 
therewith, a hose connected to said head and 
communicating with a source of water under 
pressure for introducing water under pressure 
into said head, means for normally holding a 
charge of explosive in said head but away from 
position to enter the drill pipe, and a cam oper 
ated push rod for moving said explosives charge 
from engagement With said holding means within 
the head into the drill pipe while water under 
pressure is being supplied to the head, whereby 
the water forces the explosives charge through 
the drill pipe to the expendable lower section 
thereof. 

9. Apparatus for drilling into earth forma 
tions at the bottom of a body of water compris 
ing a self-stabilized drill pipe support structure, 
Said drill pipe support structure comprising a 
broad base member adapted to contact and be 
Supported by the earth floor at the botton of 
the body of water, a permanent ballast section 
positioned directly above and adjacent said base 
member, a closed buoyancy chamber positioned 
above said ballast section, and a drill pipe sup 
porting sleeve extending vertically through said 
buoyancy chamber substantially coterminus 
therewith, a vertical drill pipe rotatably and ver 
tically movably mounted in the sleeve of the 
aforesaid drill pipe support structure and ex 
tending completely through said sleeve and the 
ballast section of the drill pipe support struc 
ture, a drill bit at the lower end of said vertical 
drill pipe, a drill drive motor connected to said 
drill pipe exteriorly of said buoyancy chamber 
adapted to rotate and to advance the drill pipe 
downwardly into said earth formation, power 
Supply means connecting said drill drive motor 
to a source of power above the surface of the body 
of water, and a supporting element affixed to the 
exterior of the buoyancy chamber of the drill 
pipe support structure whereby the drilling appa 
ratus may be lowered from above the surface 
of the body of water to its operative drilling posi 
tion on the floor of said body of water, said drill 
pipe Support structure resting stably of its own 
Weight in upright position on the earth floor 

operative posi 
tion. - ... . . . . . . . 
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10. Apparatus according to claim 9 having a 
water inlet box swivelly connected to the drill 
pipe at its upper end, and a hose connected to 
said water inlet box for delivering a stream of 
Water to the interior of the drill pipe. 

11. Apparatus for seismic prospecting of earth 
formations at the bottom of a body of water 
comprising a Self-stabilized drill pipe Support 
structure, said drill pipe support structure com 
prising a broad base member adapted to con 
tact and be supported by the earth floor at the 
bottom of the body of water, a permanent bal 
last section positioned directly above and adja 
cent said base member, a closed buoyancy cham 
ber positioned above said ballast section, and a 
drill pipe supporting sleeve extending vertically 
through said buoyancy chamber substantially 
coterminus therewith, a vertical drill pipe ro 
tatably and vertically novably mounted in the 
sleeve of the aforesaid drill pipe support struc 
ture and extending completely through said sleeve 
and the ballast section of the drill pipe support 
structure, an expendable drill pipe section and 
drill bit at the lower end of said vertical drill 
pipe, an explosive charge mounted on said drill 
pipe, means for detonating the explosive charge 
at the expendable drill pipe Section, a drill drive 
motor connected to said drill pipe exteriorly of 
said buoyancy chamber to rotate and to advance 
the drill pipe downwardly into said earth for 
mation, power Supply means connecting said drill 
drive motor to a source of power above the Sur 
face of the body of Water, and a supporting ele 
ment affixed to the exterior of the buoyancy 
chamber of the drill pipe support structure where 
by the apparatus may be lowered from above the 
surface of the body of water to rest stably of its 
own weight in upright position on the earth floor 
of Said body of Water in position to drill a hole 
into the earth formation therebeneath and to 

5 

10 

20 

25 

30 

35 

40 

14 
detonate said explosive charge adjacent the bot 
tom of the drill hole. 

12. Apparatus according to claim 11 having 
a Water inlet box SWively connected to the drill 
pipe at the upper end, and a hose connected to 
said water inlet box for delivering a stream of 
Water to the interior of the drill pipe. 

13. Apparatus according to claim 12 in which 
the water inlet box is provided at its upper end 
With a Water escape opening, an operable clo 
Sure plate disposed in position to close said water 
escape Opening, and fastener means securing said 
closure plate in place, said fastener means re 
sisting movement of said closure plate with suf 
ficient force to prevent escape through said water 
escape opening of water delivered to the interior 
Of the drill pipe during drilling operations and 
with insufficient force to prevent escape of water 
through Said Water escape opening upon detona 
tion of the explosive charge. 

JOHN H. CROWELL, 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nanne Date 
1,435,140 Rolland ------------ Nov. 7, 1922 
2,001,529 Dornier ----------- May 14, 1935 
2,058,287 Anderson. --------- Oct. 20, 1936 
2,171,672 Plummer ----------- Sept. 5, 1939 
2,187,871 Voorhees ---------- Jan. 23, 1940 
2,283,200 Flude ------------- May 19, 1942 
2,384,851 Reichert ---------- Sept. 18, 1945 
2,503,516 Shrewsbury ------- Apr. 11, 1950 
2,512,783 Tucker ----------- June 27, 1950 

FOREIGN PATENTS 
Number Country Date 

160,865 Great Britain ------- Apr. 7, 1921 


