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UNITED STATES PATENT OFFICE 
2,684,835 

APPARATUS FOR OR LLING WELL, 
BOREHOLES 

Thomas W. Moore, Manahasset, N. Y., assignor to 
Standard Oil Development Company, a corpo 
ration of Delaware 

Application July 26, 1950, Serial No. 175,932 
(C. 255-28) Claim. 

The present invention is concerned with an 
improved apparatus for drilling Well bore holes. 
The invention is particularly concerned with a 
novel bottom hole assembly by which it is possi 
ble to employ an improved method of exerting 
the necessary force on the bit during the drilling 
operation. In accordance with the present in 
vention the required force on the bit during a 
drilling operation is secured by utilization of the 
head of the drilling fluid within the drill stem. 
The art of drilling Well bore holes into Sub 

terranean areas of the earth has been extensively 
developed. A wide variety of drilling bits, asso 
ciated apparatus and Various techniques have 
been utilized. However, conventional techniques 
for rotary drilling apply the required force to the 
bit by allowing the Weight of the drill string to 
partially rest on the bit. This process while en 
tirely satisfactory has a number of inherent diffi 
culties. For example, part of the drill pipe may be 
in compression resulting in buckling of the pipe 
which in instances causes the hole to deviate 
from the Vertical. Furthermore, the StreSS in 
duced due to the buckling and unbuckling of the 
compressed pipe results in corrosion fatigue. To 
reduce this difficulty, drill collars, which are 
heavy lengths of pipe, are used. These are ex 
pensive, and are subject to frequent failures. 
Another disadvantage is that the friction against 
the walls of the hole causes the drill pipe to 
wind up with the result that a substantial 
amount of bouncing of the bit occurs on the bot 
ton of the hole. This aggravates the Wearing 
of the cutter bearings in rock bits. It has now 
been discovered that these disadvantages are 
overcome providing the force on the bit is se 
cured by a method other than by allowing the 
weight of the drill string to partially rest on the 
bit. The improved method of the present inven 
tion is secured by utilizing a novel bit assembly 
wherein the force on the bit is secured by the 
utilization of the head of the drilling fluid in the 
drill Sten. 
The present invention may be readily under 

stood by reference to the drawing illustrating 
One embodiment of the same. Figure 1 of the 
drawing illustrates the apparatus of the present 
invention attached to the lower end of a drill 
string disposed in the earth's Substrata, in a well 
bore. Figure 2 is a Cross-sectional View taken 
along the line TI-II of Figure 1. Referring spe 
cifically to the drawing the lower end of a drill 
String 0 is shown positioned. Within well bore 
hole 8. The bit assembly of the present inven 
tion is shown attached to the end of drill string 
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f0. The assembly comprises a cylindrical ele 
ment which contains positioned therein a pis 
tOn a SSembly. The piston consists of a piston 
head 2 which contains suitable packing elements 
7 to prevent the flow of fluid around the piston 
head. A piston rod 3 extends downwardly 
through a drive bushing 5 and contains at the 
lower end thereof a tool joint box 6 which con 
tains attached thereto a suitable bit 9. Cylinder 
contains ports 4 at the lower part permitting pas 
Sage of fluid from the area between the well bore 
hole and the cylinder, and the area between the 
piston rod and the inner surface of the cylinder. 
The pressure below the piston is thus relieved, 
resulting in a net downward force on the pis 
tion. Nozzles are shown in the bit. A cross 
Section of the apparatus through section II-II 
is illustrated by Figure 2. 
While the drawing has been described utilizing 

a drag or fishtail bit, it is to be understood that 
the present invention may be also utilized when 
employing other bits, as for example, rock bits 
and the various types of jet bits. 

In operation the pressure of the mud or other 
drilling fluid on the piston exerts a force on the 
bit through the piston rod or lower Kelly joint. 
This joint, as shown in the cross section, Fig 
ure 2, is fluted Or Square in order that sufficient 
torque may be applied to turn the bit. This 
permits the entire String of drill pipe to hang 
in tension. The control of the weight on the bit 
is Secured first by the size of the nozzles in the 
bit and Second by changes in the mud velocity. 
This invention is particularly valuable when 

used with the so-called, 'jet' bits which have 
recently been developed. These jets are designed 
With Small nozzles through which an extremely 
high Velocity mud stream is passed. Bits of this 
kind have been found to drill much faster and 
Ore economically than the conventional bits. 

In Order to obtain the optimum mud velocities 
When using this type of bit, a pressure differen 
tial through the nozzle of Several hundred 
pounds is commonly employed. Bits of this kind 
generally employ nozzles of from 36' to 1 '' in 
diameter. In this invention, the nozzle diameter 
Would be used as a major factor which would 
determine the Weight to be carried on the bit. 
By Way of example, suppose that the inside di 
ameter of the cylinder were 6' and that it were 
desired to hold a force on the bit of 20,000 lbs., 
the cross-sectional area of the cylinder would be 
approximately 28 Square inches and the pressure 
differential across the cylinder would be approxi 
mately 700 lbs. ASSume that two nozzles are 
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provided and that the mud pumps are circulat 
ing a total of 600 gallons per minute, or 300 
gallons per minute per nozzle. This would call 
for a nozzle about '' in diameter. The follow 
ing table shows the approximate force on the bit 
in thousands of lbs. for a cylinder 6' in diame 
ter, as a function; of nozzle size and circulation 
rate for a mud weighing approximately 10 lbs. 
per gallon. 

Force On Bit (Thousands of 
Libs.) 

Nozzle Diameter (each) (For 2 --- 
Nozzles)----------------------- 246 -3 53 % 

G. P. M. Mud Circulated: 
300- 34 19 9. 4. 
400- 36 16 7 
500------------------------------------------- 25 1. 
600------------------------------------------- 30 17 

The 6' inside diameter cylinder would prob 
ably be... used when drilling. holes of a diameter 
of approximately 9 inches. For drilling larger 
diameter holes, it would be possible to use a cyl 
inder of larger diameter and likewise smaller 
holes would demand that a. Smaller cylinder be 
used. The force on the bit, of course, for a given 
rate of circulation and nozzle size Will be directly 
proportiorate to the croSS-Sectional area of the 
cylinder. 
The invention is broadly concerned with the 

utilization of the head of the drilling fluid with 
in the drill. Sten to Secure the required force on 
the bit during a drilling operation. The inven 
tion may be used when employing any type of 
bit but, is particularly effective with jet, bits, 
which bits are...designed with relatively Sinall 
nozzles in order to secure a high velocity mud 
stream through the bit. From the above it is 
apparent that the specific drilling conditions 
employed when utilizing...the present invention 
Will be a function of Various related Conditions, 
as for example, nozzle size; density. of the nud; 
the rate of mud circulation; and the diameter of 
the drilling. Stem used. These factors wary ap 
preciably depending upon the formation being 
penetrated; the diameter of well bore hole de 
sired, as well as, upon other drilling conditions. 
With other factors, maintained constant, simple 
calculations of the force...exerted on the bit as 
sembly may be made by noting that the pressure 
on the piston is roughly proportioned to the 
square of the velocity of the mud through the 
Inozzles and in Versely proportioned to the Specific 
Weight of the mud. The nozzles' diameters are 5: 
generally in the range from about 3%' to l'. 
The diameters, however, Will vary, depending 
lipon the nozzles in the bit which usually vary 
from 2 to 4. The diameter of the drill string 
inay. Vary from 2 to 7' and higher, although 
usually the diameter is in the range from 4 to 
6'. The density of the mud generally is in the 
range from 9 to 16.lbs. per gallon, although the 
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density may, under certain conditions, be with 
out this range. The quantity of mud circulated 
is usually in the range from 200 to 1000 gallons 
per minute. The desired force in the bit, like 
wise, may vary appreciably as for example in 
the range from 4,000 to 40,000 lbs. and higher. 
A preferred method of operating in accordance 

with the present invention is that the driller 
lowers the drill pipe until such time as a slight 
reduction in the reading of the weight indicator 
at the Surface indicates that the weight of the 

is drill, String is resting in part On the lower Kelly 
joint. The driller then raises the drill string a 
Small distance Which assures the driller that the 
weight of the drill pipe is not resting on the bit. 
The driller then Continues to drill in normal 
fashion for Such length of time as the driller 
might expect is required to make an amount of 
hole somewhat less than the maximum stroke 
of the lower Kelly joint. This will vary from a 
few minutes to an hour or two depending on the 
hardness of the foration being drilled and the 
progress being made. The driller then repeats 
the operation, and in this way it is possible to 
nake. Sure that the drill pipe is always hanging 
in tension throughout its length and that the 
bit is on the bottom with the weight required. 

Having described the invention, it is claimed: 
Improved drill bit a SSembly adapted to be at 

tached to the lower end of a drill string con 
prising a cylindrical element, the upper end of 
Which is adapted to be attached to the lower end 
of Said, drill String, a drive blishing located 
within and attached to the lower end of said 
cylindrical element, a piston head element with 
in and movable With respect to said cylindrical 
element above the said drive bushing, a piston 
rod element attached to said pistoin head ele 
ment, said piston rod element extending below 
the lower end of said cylindrical element, and 
through said drive, bushing, a plurality of ports 
passing through Said cylindrical element, inine 
diately above the drive bushing, a drill bit char 
acterized by containing a plurality of restricted 
nozzle passageways attached to the lower end of 
said piston rod element, said piston rod element 
being characterized by being hollow and pro 
viding a conduit from the area above Said pis 
ton head to said nozzlepa SSageWayS. 

Referencess Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
1,357,564 Hughes ------------ Nov. 2, 1920 
1,660,033 Braswell ----------- Feb. 21, 1923 
1,686,945 Abercrombie -------- Oct. 9, 1928 
1767,350 Crowell ---------- June 24, 1930 
1844,257 Lincoln ------------- Feb. 9, 1932 
1900,932 Hollestalle -------- Miar. 14, 1933 
1905,497 Peters ------------- Apr. 25, 1933 
2,300,805 PeW ---------------- Nov. 3, 1942 

  


