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1. 

SYSTEM AND METHOD FOR CONTROLLED 
ORECTIONAL DRLLNG 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to improve 

ments in controlled directional drilling systems and 
more particularly pertains to a new and improved sys 
tem and method for controlling the directional drilling 
of the borehole in a manner which will allow the bore 
hole to be drilled in conformance with the proposed 
well plan. 

2. Description of the Prior Art 
In the field of controlled directional drilling of bore 

holes, until very recently, it had been the practice to use 
two separate down-hole systems. One system was used 
for drilling straight holes. A completely different sys 
tem was used for causing the borehole to turn direction. 
The use of these two systems required that the entire 
drillstring be tripped or pulled from the borehole so that 
the down-hole system could be changed each time a 
change of direction was required. This type of system is 
described in SPE Paper No. 9649 entitled "Kicking Off 
in Large Diameter Holes' presented at the 1981 SPE 
Middle East Oil Technical Conference held in Manama, 
Bahrain, Mar. 9-12. 
Although such systems produced results, they were 

unsatisfactory in several major respects. Considerable 
time was wasted as a result of the non-drilling activity 
occasioned by having to trip the bottom-hole assembly, 
either to follow the curvature in the well plan or to 
make corrections for unforeseen deviations in the bore 
hole. This type of operation considerably increased the 
drilling time and decreased the rate of penetration 
(ROP). Another problem with this system is that the 
standard straight-hole drilling, bottom-hole assemblies 
utilized, deviated, sometimes considerably, from the 
well plan. In such a case, not only will the driller not 
reach his target but he will end up with a crooked hole, 
worn casing, stuck pipe, and expensive fishing jobs. 

Deviating boreholes have been a subject of concern 
to this industry for a long time. Many approaches have 
been tried to first understand the multifacet problem 
and then to come up with a workable solution. One 
example of such an approach can be found in SPE Arti 
cle No. 5070 entitled "Factors Affecting the Control of 
Borehole Angle in Straight and Directional Wells" 
presented at the SPE-AME 49th Annual Fall Meeting 
in Houston, Tex., Oct. 6-9, 1974. 
One of the problems confronting the industry with 

respect to the drilling of directional boreholes and devi 
ation of boreholes from a well plan was obtaining arcu 
rate information about the direction of the borehole. As 
a result, the industry developed systems for monitoring 
while drilling (MWD systems). In order to be able to 
ascertain when a borehole is deviating from its well plan 
and to be able to ascertain and control the direction of 
the borehole in order to follow the well plan, many 
different types of monitoring systems were developed. 
A certain number of these systems are discussed, for 

example, in SPE paper No. 9224, entitled "A Case 
Study Comparison of Wells Drilled With and Without 
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2 
MWD Directional Surveys on the Claymore Platform 
in the North Sea" first presented at the SPE 55th An 
nual Technical Conference and Exhibition in Dallas on 
Sept. 21-24, 1980. Another example can be found in 
SPE paper No. 10053 entitled "Mud Pulse MWD Sys 
tems Report' first presented at the SPE 56th Oct. 4-7, 
1981. 
Another aspect of the problem confronting anyone 

attempting to drill a directional well at increased ROP 
without increasing cost, was the requirement of a pow 
erful down-hole motor to turn the borehole, when re 
quired by the well plan, or to bring a deviated borehole 
back to the well plan. Such motors have been the focus 
of industry attention for considerable time and are now, 
to a reasonable extent, available. A description of a type 
of down-hole motor available at the present time can be 
found in SPE paper No. 13026 entitled "PDM vs. Tur 
bodrill: A Drilling Comparison", presented at the 59th 
Annual Technical Conference and Exhibition in Hous 
ton, Tex. Sept. 16-19, 1984. 
Even with all of these available pieces of a bottom 

hole assembly, the procedure for drilling a directional 
well was still to trip the drill string when a change in the 
direction of the borehole was called for by the well 
plan. In spite of the ability to monitor while drilling the 
direction of the borehole, the use of powerful downhole 
notors, and the ability to modify various factors like bit 
weight while the bottom-hole assembly was in the hole, 
boreholes still deviated from the well plan, requiring 
tripping of the drillstring and adjustment of the bottom 
hole assemblies, as well as adjustment of the stabilizers 
on the drillstring. A method was needed which would 
considerably reduce, if not eliminate entirely, the round 
trips required with kick-off techniques and assembly 
changes for directional control of the borehole. A tech 
nique which shows promise and is currently being uti 
lized by various operators in the industry is described in 
a paper by A. W. Kamp and R. Feenstra entitled "A 
Technique for Continuously Controlled Directional 
Drilling" presented at the Drilling Technology Confer 
ence of the International Association of Drilling Con 
tractors in Dallas, Tex. on Mar, 19-21, 1984. The tech 
nique involves the use of a powerful down-hole motor 
and various ways of creating a side force on the bit or 
tilting the axis of the bit with respect to the axis of the 
borehole. It has been found that the bit will drill straight 
when both the drill string and the motor are rotated, 
and the bit will deviate in a desired direction when only 
the motor is rotated and the drillstring is kept stationary 
in a controlled tool face direction. 

Since the introduction of this technique, various enti 
ties in this industry have developed a variety of bottom 
hole assemblies to take advantage of its possibilities. 
Some systems have proven more promising than others. 
Each system in its own way, is searching for a reduction 
in drilling time by increasing rate of penetration and 
thereby reducing the cost of the well. One such system 
is described in an article entitled "Drill Faster, More 
Accurately With New Navagation System" published 
in World Oil on Aug. 1, 1985 and authored by T. Brass 
field and H. Karlson. 
The present invention is an improvement over the 

systems presently available and being tried by the indus 
try to increase ROP of a directional well. The improved 
performance of the present invention is based on the 
fact that an overall system approach to each drilling job 
is utilized. In other words, the bottom-hole assembly is 
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uniquely tailored for each proposed well plan by taking 
into consideration a myriad of facts such as hole condi 
tion, pump data, type of mud being utilized, type of 
formation being drilled, drilling assembly components, 
drilling flow rate, well plan, i.e. direction of the bore 
hole after deviating from vertical, in addition to infor 
nation about the drilling bit which includes bit size, bit 
type, bit pressure drop, and gauge length, as well as 
degrees of offset of the center line of the bit face from 
the center line of the borehole. This information is uti 
lized according to the present invention to come up 
with a botton hole assembly and method of building a 
bottom hole assembly which provides an ROP for di 
rectional wells which is considerably higher than was 
heretofore possible. 

SUMMARY OF THE INVENTON 

A system approach to the design of a down-hole 
assembly for directional drilling requires establishing 
the value for a series of important variables on the basis 
of the proposed well plan. The major variables which 
are systematically determined are bit offset from center, 
determined by the angle of bend in a bent housing lo 
cated between the motor and the bit, exact placement 
along the drillstring of a plurality of concentric stabiliz 
ers with respect to the bit, diametric size of each con 
centric stabilizer with respect to the diameter of the 
borehole, and to a lesser degree weight on the bit. The 
entire system, when assembled for a particular well plan 
is capable of following that well plan with only slight 
directional correction in the borehole. Directional cor 
rections are made and control of the system is main 
tained by rotating the down-hole motor only, for 
curved travel of the drillstring, and rotating the motor 
and drill string together for straight travel of the drill 
string. 
BRIEF DESCRIPTION OF THE ORAWINGS 
The objects and many of the attendant advantages of 

this invention will be readily appreciated and become 
readily apparent as the same becomes better understood 
by reference to the following detailed description, when 
considered in conjunction with the accompanying 
drawings, and in which like reference numerals desig 
nate like parts throughout the figures thereof and 
wherein: 

FIG. 1 is a diagramatic illustration of the basic con 
ponents of the bottom-hole assembly of the present 
invention; 

FIG. 2 is a diagramatic illustration showing how the 
bit offset is obtained in the bottom-hole assembly ac 
cording to the invention; 

FIG. 3 is a vector illustration showing how the bot 
tom hole assembly, of the present invention drills in a 
controlled direction; 
FIG. 4 is a table and component diagram for a bot 

tom-hole assembly built according to the present inven 
tion illustrating the interrelationship of the basic com 
ponents of the bottom-hole assembly; 

FIG. 5 is an alternate table and diagram illustrating a 
different relationship between the basic components of 
the bottom-hole assembly of the present invention; and 

FIG. 6 is a vertical section of a borehole showing the 
accuracy with which the actual borehole follows the 
proposed well plan. 
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4. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
Referring first to FIG. 1, the basic components of the 

bottom hole assembly 11 of the present invention are 
illustrated. The borehole 13 is shown in an oversized 
and exaggerated manner and is illustrated as being capa 
ble of moving in three dimensional space as defined by 
the Cartesian coordinates x, y and Z. The z axis is for the 
purposes of illustration, defined as the center line of the 
borehole 13. 
The first element of the bottom-hole assembly of the 

present invention is the drill bit 15 which is connected 
to a shaft that is concentrically located within a bearing 
assembly 17. This shaft is in turn connected through a 
bent housing 21 to the output shaft of the down-hole 
motor 25. The housing of the down-hole motor 25 is in 
turn connected to the drill string casing 27 which ex 
tends all the way to the surface of the borehole 13 and 
is in turn connected to a means for rotating the entire 
assembly from the surface (not shown). The bottom 
hole assembly, according to the present invention, also 
includes at least three and preferably four stabilizers 19, 
29, 31 and 33 precisely located along the drill string 
with respect to the drill bit 15 and with respect to each 
other. 
An important thing to remember with respect to the 

illustration of FIG. 1 is that the centerline of the bit 15 
is offset from the centerline of the borehole 13 in an 
amount determined by the offset 35 (FIG. 2) which is 
fixed by the bent housing 21, 23 that is connected be 
tween the down-hole notor 25 and the motor bearing 
assembly 17. The utilization of a bent housing 21 at this 
precise point in conjunction with the concentric stabi 
lizers as shown in FIG. 1 has proven to be a major 
factor in increasing the rate of penetration of this partic 
ular bottom-hole assembly beyond that heretofore 
available. 

Referring now to FIG. 2, the bit offset created by the 
40 bent housing 21, 23 is illustrated in more detail. FIG. 2 

45 

55 

illustrates the turning mechanism of the bottom-hole 
assembly built according to the present invention. This 
turning mechanism includes the bent housing 21, 23 
having a specific tilt angle 35 and a concentric stabilizer 
19 located down-hole of the tilt point 23 on the bent 
housing 21, 23, and very close to bit 15 on bearing hous 
ing 17. The drive shaft for bit 15 is concentric within 
bearing housing 17, resulting in an offset 35 of the cen 
ter of the face of the bit 15 from the centerline of the 
borehole 13 by an angle a which is the tilt angle 35 of 
the bent housing 21. 
The down-hole motor 25 utilized with this type of 

arrangement is preferably a positive displacement 
motor of the type described in the SPE paper No. 13026 
entitled "PDM Versus Turbo-Drill: A drilling compari 
son'. The concentric stabilizer 19 located close to the 
bit 15 serves mainly to maintain the bit offset angle 35 
by minimizing the deflections which might increase or 
decrease this offset angle. 
Although all the elements of the bottom-hole assem 

bly, as shown in FIG. 1 of the present invention, affect 
the direction of the borehole that will be drilled by the 
bottom-hole assembly, it is convenient to consider the 
bearing stabilizer 19 and the bent housing 21, 23 as the 
key factors in determining the extent to which the bore 
hole will deviate from the vertical. Experience and 
mathematical modeling have in fact born out this ana 
lytical simplification. 
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Referring now to FIG. 3, a curve which is made up of 
a plurality of segments 37, 45, 49, 53 and 57 is illustrated 
as the curve along which the bottom-hole assembly of 
the present invention will travel as determined by the 
elements of the bottom-hole assembly including bearing 
stabilizer 19 and the other stabilizers making up the 
bottom-hole assembly. The bottom most three stabiliz 
ers can be thought of as defining points on a circle 
which determine the radius of the circle. A portion of 
the circumference of this circle is illustrated in FIG.3 as 
the path of travel of the bottom-hole assembly. The 
vertical distance 59 for the curved path traveled is for 
convenience considered to be a segment of 100 feet. 
The initial deviation from vertical 39 of curved seg 

nent 37 is determined by the bit offset 41 which is con 
trolled by a tilt angle of bent housing 21, 23. The bit 15 
will travel along this offset path 37 for a length 61 
which is approximately equal to the length of the bear 
ing assembly 17. Whereupon the bit will again follow its 
offset 41 to drill the next straight segment 45 rather than 
continue straight along segment 43, and so on to seg 
ments 53 and 57. The composite result is a curved path 
which deviates from the original vertical 39 by a total 
angle in degrees which is related to the angle of offset 
4 created by the tilt angle in bent housing 21, 23. 

Referring once more to FIG. 1, the bearing stabilizer 
19 and the bent housing 21, 23 is considered the part of 
the overall system which gives the bottom-hole assem 
bly the capability of turning left or right in a controlled 
manner. The three concentric stabilizers 19, 29 and 31 
and, preferably the fourth concentric stabilizer 33 can 
be considered as the part of the bottom-hole assembly 
which gives the assembly the ability to maintain a 
straight course, or to build or drop angle. Thus, the 
bottom-hole assembly of the present invention is really 
a unique combination of two overlapping systems 
which are integrated to provide the bottom-hole assem 
bly with its unique performance capabilities. 
The selection of the diameter and placement of the 

concentric stabilizers 19, 29, 31 and 33, as well as the tilt 
angle a of the bent housing 21, 23 are the key factors in 
determining the performance of the bottom-hole assem 
bly of the present invention. 
As a result of mathematical nodeling with the aid of 

a computer and field experience, it has been possible to 
come up with a definition of the interrelationship be 
tween the stabilizers and the offset angle or of the bent 
housing in order to achieve a specific drilling direction. 
FG. 4 illustrates one such set of relationships. 
The basic down-hole assembly components are the 

drill bit 63, the concentric stabilizers 65, 69, 71 and 73, 
and the bent housing 67, having an offset angle o. Per 
formance of this bottom-hole assembly, is changed by 
varying the distance of each stabilizer from the bit 63. 
That is the distance L of stabilizer 65 from bit 63, the 
distance L1-L2 of the stabilizer 69 from the bit 63, the 
distance L1-L2-L3 of the stabilizer 71 and the dis 
tance L1-L2-L3-L4 of the stabilizer 73 from the bit 
63. The angle a is an important contributing factor, as 
well as the amount of undersize Ad 75 of each stabilizer 
with respect to the hole size. The amount of weight on 
bit (WOB) is a factor, as are various other variables 
mentioned above, to a minor extent. 
Consider now various examples of bottom-hole as 

semblies which for convenience are designated as as 
semblies A, B and C. Considering first assembly A, the 
hole size is given as 12 inches. Hole washout, as a 
result of the bottom-hole assembly will be negligable. 
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This bottom-hole assembly utilizes a bent housing 
which has a bit offset angle a of of a degree. The 
placement of the four stabilizers is as follows. The bear 
ing stabilizer 65 is located a distance L1 from the bit 
which is equal to 4 feet. Stabilizer 69 is located a dis 
tance L2 from the stabilizer 65 which is a distance of 3 
feet. Stabilizer 71 is located a distance L3 from stabilizer 
69 which is a distance of 45 feet. Stabilizer 73 is located 
a distance La from stabilizers 71 which is a distance of 
35 feet. Each of the stabilizers are concentric and under 
sized with respect to the hole diameter an amount Ad 
which is equal to 0.032 inches. The location of the four 
stabilizers 65, 69, 71 and 73 at these specific distances 
with respect to the bit 63 has been found to create a 
system that will build 0.30 degrees per 100 feet regard 
less of the variation of the weight on bit from 10,000 
pounds to 40,000 pounds. 

Looking now at the bearing concentric stabilizer 65 
and the offset angle a, this combination causes the bot 
tom-hole assembly to build angle at 0.58 degrees per 100 
feet. As a result, the system, when being utilized in a 
directional drilling mode, will build angle at 0.88 de 
grees per 100 feet. It can be seen that prior to putting 
this bottom-hole assembly into the ground, its perfor 
mance in the directional mode can be fairly accurately 
predicted. 

Looking now at bottom-hole assembly B, we can see 
that changing just 2 parameters creates a different direc 
tional characteristic. Bottom-hole assembly B has an 
offset angle a of half a degree and utilizes a bearing 
stabilizer 65 which is undersized by 0.157 inches. All the 
other parameters remain the same. The four stabilizers 
thereby provide a bottom-hole assembly which drops 
angle at 0.59 degrees per 100 feet. The bent housing and 
bearing stabilizer causes the bottom-hole assembly to 
build angle by 0.75 degrees per 100 feet. The resulting 
overal system will therefore build angle by 0.16 degree 
per 100 feet when in the directional mode. 

Referring to bottom-hole assembly C, again we 
change the offset angle a and the undersize differential 
of the bearing stabilizer 65. The angle a is chosen to be 
of a degree and the bearing stabilizer 65 is undersized 

by 0.282 inches. As a result, the characteristic of the 
stabilizer string is to drop angle by 1.48 degree per 100 
feet, up to 1.49 degrees per 100 feet, if the weight on bit 
is increased from 10,000 pounds. The bent housing and 
bearing stabilizers 65 will build angle at 0.92 degrees per 
100 feet, up to 0.95 degrees per 100 feet if the weight on 
bit is increased to 40,000 pounds. Accordingly, the com 
bination results in a directional bottom-hole assembly 
which will drop angle at 0.56 degrees per 100 feet. 

F.G. 5 illustrates three more bottom-hole assemblies 
D, E and F. The bottom-hole assembly D, utilizes an 
offset angle a of a quarter of a degree and stabilizer 
spacing of L1-4 feet, L2-31 feet, L3-35 feet, and 
La-45 feet, with an undersized diameter differential 
Ad of 0.032 for each of the concentric stabilizers. This 
system is shown to build angle at 1.01 degrees per 100 
feet up to 1.22 degrees per 100 feet as the weight on bit 
is increased to 40,000 pounds. The bent housing and 
bearing stabilizer 65 will cause the bottom-hole assem 
bly to build angle by 1.27 degrees per 100 feet up 1.50 
degrees per 100 feet as the weight-on bit is increased to 
40,000 pounds. As a result, the bottom-hole assembly D 
will build angle from 2,28 degrees per 100 feet to 2.72 
degrees per 100 feet depending upon the amount of 
weight-on bit. . 
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6. The system for controlled directional and straight 

drilling of a borehole of claim 1, wherein the bend angle 
or of the downhole motor housing is about one-half of 
one degree. 

7. The system for controlled directional and straight 
drilling of a borehole of claim 1, wherein the bend angle 
a of the downhole motor housing is about three-quar 
ters of one degree. 

8. The system for controlled directional and straight 
drilling of a borehole of claim 5, or claim 6, or claim 7, 
wherein said first concentric stabilizer is placed at four 
and one-quarter feet from the face of the drill bit. 

9. The system for controlled directional and straight 
drilling of a borehole of claim 8, wherein said second 
concentric stabilizer is placed at thirty-one feet from 
said first concentric stabilizer. 

10. The system for controlled directional and straight 
drilling of a borehole of claim 9, wherein said third 
concentric stabilizer is placed at forty-five feet from 
said second concentric stabilizer. 

11. The system for controlled directional and straight 
drilling of a borehole of claim 9, wherein said third 
concentric stabilizer is placed thirty-five feet from said 
second concentric stabilizer. 

12. The system for controlled directional and straight 
drilling of a borehole of claim 1, wherein said first con 
centric stabilizer is placed at four and one-quarter feet 
from the face of the drill bit. 

13. The system for controlled directional and straight 
drilling of a borehole of claim 12, wherein said second 
concentric stabilizer is placed at thirty-one feet from 
said first concentric stabilizer. 

14. The system for controlled directional and straight 
drilling of a borehole of claim 13, wherein said third 
concentric stabilizer is placed at forty-five feet from 
said second concentric stabilizer. 

15. The system for controlled directional and straight 
drilling of a borehole of claim 13, wherein said third 
concentric stabilizer is placed at thirty-five feet from 
said second concentric stabilizer. 

16. The system for controlled directional and straight 
drilling of a borehole of claim 14 or claim 15, wherein 
said first, second and third concentric stabilizers are 
0.032 inches smaller than the borehole. 

17. The system for controlled directional and straight 
drilling of a borehole of claim 14 or claim 15, wherein 
said first concentric stabilizer is 0.157 inches smaller 
than the borehole and said second and third stabilizers 
are 0.032 inches smaller than the borehole. 

18. The system for controlled directional and straight 
drilling of a borehole of claim 14 or claim 15, wherein 
said first concentric stabilizer is 0.282 inches smaller 
than the borehole and said second and third stabilizers 
are 0.032 inches smaller than the borehole. 

19. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined 
well plan, utilizing a bottomhole assembly connected to 
a drillstring comprising a drill bit connected for inde 
pendent rotation from said drillstring to the output shaft 
of a downhole motor having its uphole side connected 
to the drillstring, comprising the steps of 

1. selecting the placement and diameter of three con 
centric stabilizers on the drillstring as follows, the 
first concentric stabilizer being placed less than five 
feet from the face of the drill bit and having a 
slightly smaller diameter than the borehole, the 
second concentric stabilizer being placed a prede 
termined distance from the first stabilizer and hav 
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10 
ing a slightly smaller diameter than the borehole, 
the third concentric stabilizer being placed a prede 
termined distance from the second stabilizer and 
having a slightly smaller diameter than the bore 
hole; 

2. selecting a predetermined weight on bit; 
whereby the assembled concentrically stabilized drill 
string with the selected weight on the bit exhibit a cer 
tain build angle or drop angle characteristic; 

3. selecting a bend angle under two degrees; 
4. placing the bend angle in the drillstring between 

the downhole motor and the drill bit on the uphole 
side of said first concentric stabilizer; 

whereby said first concentric stabilizer and said selected 
bend angle exhibit a certain build angle characteristic, 
the concentrically stabilized drillstring with the se 
lected weight on bit and the selected bend angle com 
bining to form an interacting bottonhole assembly hav 
ing a certain build angle or drop angle characteristic 
uniquely suited to the well plan; and 

S. steering said unique downhole assembly by: 
(a) turning the drillstring to point the bend in the 

drillstring and the bit in the direction the borehole 
should follow; 

(b) activating the downhole motor while keeping the 
drillstring stationary when it is desired to drill 
along a curved path, as determined by the bend 
angle and first concentric stabilizing combination; 

(c) rotating the drillstring and downhole motor while 
activating the downhole motor to turn the drill bit 
when it is desired to drill along a straight path. 

20. An improved steerable system for controlled direc 
tional and straight drilling of a borehole wherein the entire 
drillstring is rotatable fron the surface, including a bot 
tonhole assembly comprised of a drill bit connected to the 
output shaft of a downhole notor for independent rotation 
from the drillstring, said downhole notor connected at its 
uphole end to the drillstring, the improvement in the bot 
tonhole assembly comprising 
a concentric stabilizer, having a preselected diameter 

slightly smaller than the diameter of the borehole, 
mounted at a preselected distance from the drill bit, 
the output shaft of said downhole motor being concen 
trically located within the concentric stabilizer, and 

a bent housing connected above said concentric stabilizer 
and having a bend from its geometric center at a 
predetermined bend angle a, thereby offsetting the 
centerline of said concentric stabilizer and the center 
line of the drill bit face from the borehole centerline by 
said predetermined bend angle a 

wherein the predetermined bend angle a of the bend in 
the bent housing, and the diameter and placement of the 
concentric stabilizer are determined by the desired path 
of the borehole to be drilled, said system drilling a 
curved borehole when only the downhole motor is 
activated, and drilling a straight borehole when the 
downhole motor is activated and the drillstring is ro 
tated. 

21. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottonhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation fron said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

1. selecting the placement and diameter of a concentric 
stabilizer, the concentric stabilizer being placed close 
to the face of the drill bit and having a slightly smaller 
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diameter than the borehole, the output shaft of said 
downhole motor being concentrically located within 
ahe concentric stabilizer, 

2. selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bot 
tonhole assembly with the weight on the drill bit 
exhibits a certain build angle or drop angle character 
istic 

3. selecting bend angle 
4. placing the bend angle above the drill bit on the 

uphole end of said concentric stabilizer, 
whereby said concentric stabilizer and said bend angle 
exhibit a certain build angle characteristic, the concen 
trically stabilized bottomhole assembly with the weight 
on the drill bit and the bend angle combining to form an 
interacting bottomhole assembly having a certain build 
angle or drop angle characteristic uniquely suited to the 
well plan; and 

S. steering said unique bottonhole assembly by 
(a) turning the drillstring to point the drill bit in the 

desired direction the borehole should follow and acti 
wating the downhole motor while keeping the drill 
string stationary when it is desired to drill along a 
curved path, as determined by the bend angle and 
concentric stabilizer combination 

(b) rotating the drillstring while activating the downhole 
notor to turn the drill bit when it is desired to drill 
along a straight path. 

22. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottonhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string comprising the steps of 

1. selecting the placement and diameter of a concentric 
stabilizer, the concentric stabilizer being placed close 
to the face of the drill bit and having a slightly smaller 
diameter than the borehole, the output shaft of said 
downhole notor being concentrically located within 
the concentric stabilizer, 

2 selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bot 
tonhole assembly with the weight on the drill bit exhib 
its a certain build angle or drop angle characteristic; 

3. selecting bend angle 
4 placing the bend angle above the drill bit on the 

uphole end of said concentric stabilizer, 
whereby said concentric stabilizer and said bend angle 
exhibit a certain build angle characteristic, the concen 
trically stabilized bottomhole assembly with the weight 
on the drill bit and the bend angle combining to form an 
interacting bottomhole assembly having a certain build 
angle or drop angle characteristic uniquely suited to the 
well plan; and 

S. steering said unique bottonhole assembly by activat 
ing the downhole motor and selectively rotating the 
drillstring. 

23. An improved system for controlled directional and 
straight drilling of a borehole wherein the entire drillstring 
is rotatable from the surface, including a bottonhole as 
sembly comprised of a drill bit connected to the output 
shaft of a downhole notor for independent rotation from 
the drillstring, said downhole motor connected at its uphole 
end to the drillstring, the improvement int he bottomhole 
assembly comprising 
a first concentric stabilizer, having a preselected diame 

ter slightly smaller than the diameter of the borehole, 
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mounted at a preselected distance from the drill bit, 
the output shaft of said downhole motor being concen 
trically located within the first concentric stabilizer, 

a bent housing connected above said first concentric 
stabilizer and having a bend from its geometric 
center at a predetermined bend angle a, thereby 
offsetting the centerline of said first concentric 
stabilizer and the centerline of the drill bit face 
from the borehole centerline by said predetermined 
bend angle or; and 

a second concentric stabilizer, having a preselected 
diameter slightly smaller than the diameter of the 
borehole, mounted at a preselected distance above 
said first concentric stabilizer; 

wherein the predetermined bend angle or of the bend 
in the bent housing, and the diameter and place 
ment of the concentric stabilizers are determined 
by the desired path of the borehole to be drilled, 
said system drilling a curved borehole when only 
the downhole motor is activated, and drilling a 
straight borehole when the downhole motor is 
activated and the drillstring is rotated. 

24. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottomhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

1. selecting the placement and diameter of two concen 
tric stabilizers as follows, the first concentric stabilizer 
being placed close to the face of the drill bit and hav 
ing a slightly smaller diameter than the borehole, the 
output shaft of said downhole motor being concentri 
cally located within the first concentric stabilizer, and 
the second concentric stabilizer being placed a prede 
termined distance above the first concentric stabilizer 
and having a slightly smaller diameter than the bore 
hole 

2, selecting a predetermined weight on the drill bit; 
whereby the assembled concentrically stabilized bot 
tomhole assembly with the weight on the drill bit 
exhibits a certain build angle or drop angle character 
istic 

3. selecting bend angle 
4. placing the bend angle above the drill bit on the 

uphole end of said first concentric stabilizer, 
whereby said first concentric stabilizer and said bend 
angle exhibit a certain build angle characteristic, the 
concentrically stabilized bottomhole assembly with the 
weight on the drill bit and the bend angle combining to 
form an interacting bottomhole assembly having a cer 
tain build angle or drop angle characteristic uniquely 
suited to the well plan; and 

S. steering said unique bottonhole assembly by 
(a) turning the drillstring to point the drill bit in the 

desired direction the borehole should follow and acti 
wating the downhole motor while keeping the drill 
string stationary when it is desired to drill along a 
curvedpath, as determined by the bendangle and first 
concentric stabilizer combination 

(b) rotating the drillstring while activating the downhole 
notor to turn the drill bit when it is desired to drill 
along a straight path. 

25. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottonhole assembly connected to a drill 
string comprising a drill bit connected for independent 
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rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

i. selecting the placement and diameter of two concen 
tric stabilizers as follow, the first concentric stabilizer 
being placed close to the face of the drill bit and hav 
ing a slightly smaller diameter than the borehole, the 
output shaft of said downhole notor being concentri 
cally located within the first concentric stabilizer, and 
the second concentric stabilizer being placed a prede 
termined distance above the first concentric stabilizer 
and having a slightly smaller diameter than the bore 
hole 

2 selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bot 
formhole assembly with the weight on the drill bit 
exhibits a certain build angle or drop angle character 
istic 

3. selecting bendangle 
4 placing the bend angle above the drill bit on the 

uphole end of said first concentric stabilizer; 
whereby said first concentric stabilizer and said bend 
angle exhibit a certain build angle characteristic, the 
concentrically stabilized bottomhole assembly with the 
weight on the drill bit and the bend angle combining to 
form an interacting bottomhole assembly having a cer 
tain build angle or drop angle characteristic uniquely 
suited to the well plan; and 

S. steering said unique bottonhole assembly by activat 
ing the downhole motor and selectively rotating the 
drillstring. 

26. An improved steerable system for controlled direc 
tional and straight drilling of a borehole wherein the entire 
drillstring is rotatable from the surface, including a bot 
tornhole assembly comprised of a drill bit connected to the 
output shaft of a downhole motor for independent rotation 
from the drillstring, said downhole motor connected at its 
uphole end to the drillstring, the improvement in the bot 
tonhole assembly comprising: 
a concentric stabilizer, having a preselected diameter 

slightly smaller than the diameter of the borehole, 
mounted at a preselected distance from the drill bit, 
the output shaft of said downhole motor being concen 
trically located within the concentric stabilizer, and 

a bent housing connected above said concentric stabilizer 
and having a bend from its geometric center at a 
predetermined bend angle a, said bendangle a being 
oriented in substantially a single direction from the 
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I. selecting the placement and diameter of a concentric 

stabilizer, the concentric stabilizer being placed close 
to the face of the drill bit and having a slightly smaller 
diameter than the borehole, the output shaft of said 
downhole notor being concentrically located within 
the concentric stabilizer, 

2, selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bot 
fonhole assembly with the weight on the drill bit 
exhibits a certain build angle or drop angle character 
listic 

3. selecting bend angle oriented in substantially a single 
direction from the centerline of the borehole 

4. placing the bend angle above the drill bit on the 
uphole end of said concentric stabilizer 

whereby said concentric stabilizer and said bend angle 
exhibit a certain build angle characteristic, the concentri 
cally stabilized bottomhole assembly with the weight on the 
drill bit and the bendangle combining to form an interact 
ing bottomhole assembly having a certain build angle or 
drop angle characteristic uniquely suited to the well plan; 
and 

5, steering said unique bottomhole assembly by 
(a) turning the drillstring to point the drill bit in the 

desired direction the borehole should follow and acti 
vating the downhole notor while keeping the drill 
string stationary when it is desired to drill along a 
curved path, as determined by the bend angle and 
concentric stabilizer combination 

(b) rotating the drillstring while activating the downhole 
notor to turn the drill bit when it is desired to drill 
along a straight path. 

28. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 

35 plan, utilizing a bottomhole assembly connected to a drill 

borehole centerline, thereby offsetting the centerline of 50 
said concentric stabilizer and the centerline of the drill 
bit face from the borehole centerline by said predeter 
mined bend angle a 

wherein the predetermined bend angle a of the bend 
in the bent housing, and the diameter and place 
ment of the concentric stabilizer are determined by 
the desired path of the borehole to be drilled, said 
system drilling a curved borehole when only the 
downhole notor is activated, and drilling a straight 
borehole when the downhole motor is activated 
and the drillstring is rotated. 

27. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottonhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 
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string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

1. selecting the placement and diameter of a concentric 
stabilizer, the concentric stabilizer being placed close 
to the face of the drill bit and having a slightly smaller 
diameter than the borehole, the output shaft of said 
downhole motor being concentrically located within 
the concentric stabilizer, 

2. selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bot 
tonhole assembly with the weight on the drill bit 
exhibits a certain build angle or drop angle character 
istic 

3. selecting bend angle oriented in substantially a single 
direction from the centerline of the borehole 

4. placing the bend angle above the drill bit on the 
uphole end of said concentric stabilizer; 

whereby said concentric stabilizer and said bend angle 
exhibit a certain build angle characteristic, the concentri 
cally stabilized bottonhole assembly with the weight on the 
drill bit and the bendangle combining to form an interact 
ing bottornhole assembly having a certain build angle or 
drop angle characteristic uniquely suited to the well plan, 
and 

5. steering said unique bottonhole assembly by activat 
ing the downhole motor and selectively rotating the 
drillstring. 

29. An improved system for controlled directional and 
straight drilling of a borehole wherein the entire drillstring 
is rotatable from the surface, including a bottonhole as 
sembly comprised of a drill bit connected to the output 
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shaft of a downhole motor for independent rotation from 
the drillstring, said downhole motor connected at its uphole 
end to the drillstring, the improvement in the bottonhole 
assembly comprising: 
a first concentric stabilizer, having a preselected diame- 5 

ter slightly smaller than the diameter of the borehole, 
mounted at a preselected distance from the drill bit, 
the output shaft of said downhole motor being concent 
trically located within the first concentric stabilizer, 

a bent housing connected above said first concentric 10 
stabilizer and having a bend from its geometric center 
at a predetermined bend angle a, said bend angle a 
being oriented in substantially a single direction from 
the borehole centerline, thereby offsetting the center 
line of said first concentric stabilizer and the center 
line of the drill bit face from the borehole centerline by 
said predetermined bend angle a and 

a second concentric stabilizer, having a preselected di 
ameter slightly smaller than the diameter of the bore 
hole, mounted at a preselected distance above said 
first concentric stabilizer 

wherein the predetermined bendangle a of the bend in the 
bent housing, and the diameter and placement of the con 
centric stabilizers are determined by the desired path of the 
borehole to be drilled, said systern drilling a curved bore 
hole when only the downhole notor is activated, and dril 
ling straight borehole when the downhole motor is activated 
and the drillstring is rotated. 

30. A method for controlled directional and straight drilling of a borehole, according to a predetermined well 
plan, utilizing a bottonhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

1. selecting the placement and diameter of two concen 
tric stabilizers as follows, the first concentric stabilizer 
being placed close to the face of the drill bit and hay 
ing a slightly smaller diameter than the borehole, the 
output shaft of said downhole notor being concentri 
cally located within the first concentric stabilizer, and 
the second concentric stabilizer being placed a prede 
termined distance above the first concentric stabilizer 
and having a slightly smaller diameter than the bore- 45 
hole 

2 selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bottom 
hole assembly with the weight on the drill bit exhibits a 
certain build angle or drop angle characteristic, SO 

3. selecting bend angle oriented in substantially a single 
direction from the centerline of the borehole 

4 placing the bend angle above the drill bit on the 
uphole end of said first concentric stabilizer 

whereby said first concentriestabilizer and said bendangle 55 
exhibit a certain build angle characteristic, the concentri 
cally stabilized bottonhole assembly with the weight on the 
drill bit and the bendangle combining to form an interact 
ing bottonhole assembly having a certain build angle or 
drop angle characteristic uniguely suited to the well plan, 60 
and 

5. steering said unique bottornhole assembly by 
(a) turning the drillstring to point the drill bit in the 

desired direction the borehole should follow and acti 
wating the downhole notor while keeping the drill- 65 
string stationary when it is desired to drill along a 
curved path, as determined by the bendangle and first 
concentric stabilizer combination, 

25 

O 
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(b) rotating the drillstring while activating the downhole 

notor to turn the drill bit when it is desired to drill 
along a straight path. 

31. A method for controlled directional and straight 
drilling of a borehole, according to a predetermined well 
plan, utilizing a bottomhole assembly connected to a drill 
string comprising a drill bit connected for independent 
rotation from said drillstring to the output shaft of a down 
hole motor having its uphole end connected to the drill 
string, comprising the steps of 

1. selecting the placement and diameter of two concen 
tric stabilizers as follows, the first concentric stabilizer 
being placed close to the face of the drill bit and hay 
ing a slightly smaller diameter than the borehole, the 
output shaft of said downhole motor being concentri 
cally located within the first concentric stabilizer, and 
the second concentric stabilizer being placed a prede 
termined distance above the first concentric stabilizer 
and having a slightly smaller diameter than the bore 
hole 

2. selecting a predetermined weight on the drill bit 
whereby the assembled concentrically stabilized bottom 
hole assembly with the weight on the drill bit exhibits a 
certain build angle or drop angle characteristic, 

3. selecting bendangle oriented in substantially a single 
direction from the centerline of the borehole 

4. placing the bend angle above the drill bit on the 
auphole end of said first concentric stabilizer 

whereby said first concentric stabilizer and said bendangle 
exhibit a certain build angle characteristic, the concentri 
cally stabilized bottonhole assembly with the weight on the 
drill bit and the bend angle combining to form an interact 
ing bottonhole assembly having a certain build angle or 
drop angle characteristic uniquely suited to the well plan 
and 

5. steering said unique bottonhole assembly by activat 
ing the downhole motor and selectively rotating the 
drillstring. 

32. A component for a steerable bottonhole assembly for 
controlled drilling of a borehole, said component compris 
ing 
a downhole notor having a centerline, an uphole end 
and a downhole end and a motor housing substan 
tially surrounding said downhole notor 

said uphole end of said downhole motor including means 
for connecting said downhole motor to a drillstring 

said downhole end of said downhole motor including 
means for connecting said downhole notor to a drill 
bit 

said means for connecting said downhole motor to a drill 
bit including a bent housing and a bearing assembly 

said bearing assembly including a bearing housing, and 
an output shaft with said output shaft being concentri 
cally located within said bearing housing 

a first concentric stabilizer, having a diameter slightly 
smaller than the diameter of the borehole and a cen 
terline 

said first concentric stabilizer being mounted at a dis 
fance below the bent housing said output shaft of the 
bearing assembly being concentrically located within 
the first concentric stabilizer, 

said bent housing having a single bend in one direction 
located above the first concentric stabilizer and locate 
below the downhole motor at a bend angle a, thereby 
offsetting the centerline of said first concentric stabi 
lizer from the centerline of said downhole motor by 
said bend angle a 
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a second concentric stabilizer, having a diameter slightly 
smaller than the diameter of the borehole and a cen 
perline 

said second concentric stabilizer being mounted above 
said first concentric stabilizer and said bent housing 

said centerline of said second concentric stabilizer being 
offset from the centerline of the first concentric stabi 
lizer by said bend angle a 

said component for a steerable bottomhole assembly 10 
being adapted to aid in steering said bottomhole as 
sembly when activating the downhole motor and selec 
tively rotating the drillstring. 

33. A component for a steerable bottomhole assembly for 
controlled drilling of a borehole, said component compris- 15 
ing 
a downhole notor having a centerline, an uphole end 
and a downhole end and a motor housing substan 
tially surrounding said downhole motor 

said uphole end of said downhole motor including means 
for connecting said downhole motor to a drillstring 

said downhole end of said downhole motor including 
means for connecting said downhole notor to a drill 
bit 25 

said means for connecting said downhole motor to a drill 
bit including a bent housing and a bearing assembly, 

said bearing assembly including a bearing housing, and 
an output shaft with said output shaft being concentri 
cally located within said bearing housing 30 

a first concentric stabilizer, having a diameter slightly 
smaller than the diameter of the borehole and a cen 
terline, 

said first concentric stabilizer being mounted at a dis- 35 
itance below the bent housing said output shaft of the 
bearing assembly being concentrically located within 
the first concentric stabilizer, 

said bent housing having a single bend in one direction 
located above the first concentric stabilizer and lo- 40 
cated below the downhole motor at a bend angle a, 
thereby offsetting the centerline of said first concentric 
stabilizer from the centerline of said downhole motor 
by said bend angle a 

said component for a steerable bottomhole assembly 
being adapted to aid in steering said bottonhole as 
sembly when activating the downhole motor and selec 
tively rotating the drillstring. 

34. The component for a steerable bottomhole assembly so 
for controlled drilling of a borehole of clains 32 or 33 
wherein said bent housing has a bendangle at of one degree 
or less. 

35. A component for a steerable bottonhole assembly for 
controlled drilling of a borehole, said component compris- 55 
ing 
a downhole motor having a centerline, an uphole end, 
and a downhole end, and a notor housing substan 
itially surrounding said downhole motor 

said uphole end of said downhole motor including means 
for connecting said downhole motor to a drillstring 

said downhole end of said downhole notor including 
means for connecting said downhole motor to a drill 
bit 65 

said means for connecting said downhole motor to a drill 
bit including a bent housing and a bearing assembly, 

5 
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said bearing assembly including a bearing housing, and 
an output shaft with said output shaft being concentri 
cally located within said bearing housing 

means for stabilizing said component for a steerable 
bottonhole assembly 

said means for stabilizing said component for a steerable 
bottonhole assembly consisting of a first concentric 
stabilizer having a diameter slightly smaller than the 
diameter of the borehole and a centerline, said first 
concentric stabilizer being mounted at a distance 
below the bent housing, said output shaft of said bear 
ing assembly being concentrically located within the 
first concentric stabilizer; 

said bent housing having a single bend in one direction 
located above the first concentric stabilizer and lo 
cated below the downhole notor at a bend angle a, 
thereby offsetting the centerline of said first concentric 
stabilizer from the centerline of said downhole notor 
by said bend angle a 

said component for a steerable bottonhole assembly 
being adapted to aid in steering said bottonhole as 
sembly when activating the downhole motor and selec 
tively rotating the drillstring. 

36. A component for a steerable bottonhole assembly for 
controlled drilling of a borehole, said component compris 
ing 

a downhole motor having a centerline, an uphole end, 
and a downhole end, and a motor housing substan 
tially surrounding said downhole motor; 

said uphole end of said downhole notor including means 
for connecting said downhole motor to a drillstring 

said downhole end of said downhole motor including 
means for connecting said downhole motor to a drill 
bit 

said means for connecting said downhole motor to a drill 
bit including a bent housing and a bearing assembly, 

said bearing assembly including a bearing housing, and 
an output shaft with said output shaft being concentri 
cally located within said bearing housing 

means for stabilizing said component for a steerable 
bottonhole assembly 

said means for stabilizing said component for a steerable 
bottonhole assembly consisting of a first concentric 
stabilizer having a diameter slightly smaller than the 
diameter of the borehole and a centerline, said first 
concentric stabilizer being mounted at a distance 
below the bent housing, said output shaft of said bear 
ing assembly being concentrically located within the 
first concentric stabilizer, and a second concentric 
stabilizer having a diameter slightly smaller than the 
diameter of the borehole and a centerline, said second 
concentric stabilizer being mount above said first con 
centric stabilizer and said bent housing 

said bent housing having a single bend in one direction 
located above the first concentric stabilizer and lo 
cated below the downhole motor at a bend angle a, 
thereby offsetting the centerline of said first concentric 
stabilizer from the centerline of said downhole notor 
by said bend angle a 

said centerline of said second concentric stabilizer being 
offset from the centerline of said first concentric stabi 
lizer by said bend angle a 

said component for a steerable bottonhole assembly 
being adapted to aid in steering said bottornhole as 
sembly when activating the downhole motor and selec 
tively rotating the drillstring. 
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57 ABSTRACT 

A system and method for controlled directional drilling 
utilizes a system approach to design the hardware for 
drilling according to the well plan. The bend angle of a bent 
housing, connected bctween the bit and downhole motor, the 
diameter of a plurality of stabilizers and placement of the 
stabilizers with respect to the drill bit arc selected and 
predictermined on the basis of the desired well plan. With the 
use of an MWD, the direction of the progressing borehole is 
tracked from the surface. Direction changes as required arc 
controlled from the surfacc simply by controlling rotation of 
the drillstring. For curved path drilling, only thc downhole 
motor is rotated, causing the borehole to travel along the 
curve determined by the bend angle in thc bent housing and 
the diameter and location of the concentric stabilizers. When 
straight hole drilling is required, both the downhole motor 
and the entire drill string are rotated, effectively nullifying 
the effect of the bend angle in the bent housing. 
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