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METHODS AND SYSTEMIS FOR DRILLING 
BOREHOLES 

TECHNICAL FIELD 

0001. This invention relates to methods and systems for 
drillingboreholes in general and more specifically to methods 
and systems for drilling blastholes of the type commonly used 
in mining and quarrying operations. 

BACKGROUND 

0002 Various systems and methods for drilling boreholes 
are known in the art and have been used for decades in a wide 
variety of applications, from oil and gas, to mining, to quar 
rying operations, just to name a few. In mining and quarrying 
operations, such boreholes are typically filled with an explo 
sive that, when detonated, ruptures or fragments the Sur 
rounding rock. Thereafter, the fragmented material can be 
removed and processed in a manner consistent with the par 
ticular operation. When used for this purpose, then, such 
boreholes are commonly referred to as “blastholes, although 
the terms may be used interchangeably. 
0003. A number of factors influence the effectiveness of 
the blast, including the nature of the geologic structure (i.e., 
rock), the size and spacing of the blastholes, the burden (i.e., 
distance to the free face of the geologic structure), the type, 
amount, and placement of the explosive, as well as the order 
in which the blastholes are detonated. Generally speaking, the 
size, spacing, and depth of the blastholes represent the pri 
mary means of controlling the degree of rupture or fragmen 
tation of the geologic structure, and considerable effort goes 
into developing a blasthole specification that will produce the 
desired result. Because the actual results of the blasting 
operation are highly correlated with the degree to which the 
actual blastholes conform to the desired blasthole specifica 
tion, it is important to ensure that the actual blastholes con 
form as closely as possible to the desired specification. 
0004. Unfortunately, however, it has proven difficult to 
form or drill the blastholes so that they truly conform to the 
desired specification. First, a typical blasting operation 
involves the formation several tens, if not hundreds, of blast 
holes, each of which must be drilled in proper location (i.e., to 
form the desired blasthole pattern) and to the proper depth. 
Thus, even where it is possible to achieve a relatively high 
hole compliance rate (i.e., the percentage of blastholes that 
comply with the desired specification), the large number of 
blastholes involved in a typical operation means that a sig 
nificant number of blastholes nevertheless will fail to comply 
with the specification. In addition, even where blastholes are 
drilled that do comply with the desired specification, a num 
ber of post-drilling events, primarily cave-ins, can make a 
blasthole non-compliant. Indeed, such post-drilling events 
can be major contributors to blasthole non-compliance. 
0005 Still further, because of the large number of blast 
holes that are typically required for a single blasting opera 
tion, methods are constantly being sought that will allow the 
blastholes to be formed or drilled as rapidly as possible. As 
with most endeavors, however, there is an inverse relationship 
between speed and quality, and systems that work to increase 
speed at which a series of blastholes can be drilled usually 
come at the expense of hole quality. Consequently, there is a 
need for methods and systems for forming blastholes that will 
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ensure consistent blasthole quality while minimizing the 
adverse affects on the speed of blasthole formation. 

SUMMARY OF THE INVENTION 

0006. A system for drilling a borehole according to one 
embodiment of the present invention may include a drill rig 
and a control system. The control system receives informa 
tion from the drill rig that relates to at least one drill param 
eter. The control system processes information relating to the 
drill parameter, determines whether the drill parameter is 
within a predetermined specification for the monitored drill 
parameter, chooses a hole defect mitigation routine based on 
the monitored drill parameter when the monitored drill 
parameter is outside the predetermined specification, and 
controls the drill rig to implement the chosen hole defect 
mitigation routine. 
0007. In one embodiment, a method for drilling a borehole 
may include the steps of Initiating a drilling phase; monitor 
ing a drill parameter during the drilling phase; determining 
whether the monitored drill parameter is within a predeter 
mined specification for the monitored drill parameter; choos 
ing a drilling phase defect mitigation routine based on the 
monitored drill parameter when the monitored drill parameter 
is outside the predetermined specification; implementing the 
drilling phase defect mitigation routine; and resuming the 
drilling phase. 
0008 Also disclosed is a method for drilling a borehole 
that includes the steps of Monitoring a drill parameter, using 
the monitored drill parameter to draw a conclusion about a 
borehole characteristic; choosing a defect mitigation routine 
base on the borehole characteristic; and implementing the 
defect mitigation routine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Illustrative and presently preferred exemplary 
embodiments of the invention are shown in the drawings in 
which: 
0010 FIG. 1 is a side view in elevation of a blasthole drill 
rig embodying the systems and methods of the present inven 
tion; 
0011 FIG. 2 is a schematic representation of a blasthole 
drilling system according to one embodiment of the present 
invention; 
0012 FIG. 3 is a flow chart of one embodiment of a 
method for drilling blastholes: 
0013 FIG. 4 is a schematic representation of drilling 
phase mitigation routines; 
0014 FIG. 5 is a schematic representation of retraction 
phase mitigation routines; 
0015 FIG. 6 is a flow chart of a collaring routine; 
0016 FIG. 7 is a pictorial representation of a borehole 
during a first phase of the collaring routine; 
0017 FIG. 8 is a pictorial representation of a borehole 
during a second phase of the collaring routine; 
0018 FIG. 9 is a flow chart of an air pressure protection 
routine; 
0019 
routine; 
0020 FIG. 11 is a pictorial representation of a borehole 
showing moderate and heavy fracture Zones; 
0021 FIG. 12 is a flow chart of an end of hole spin-out 
routine; 

FIG. 10 is a flow chart of a rotary stall protection 
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0022 FIG. 13 is a flow chart of an end of hole water 
control routine; 
0023 FIG. 14 is a flow chart of a drill bit hang-up protec 
tion routine; 
0024 FIG. 15 is a pictorial representation of a borehole 
showing a blockage area around the drill; and 
0025 FIG. 16 is a flow chart of a torque monitoring rou 

tine. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0026. One embodiment of a system 10 for forming or 
drilling a borehole 12 is shown and described herein as it 
could be used to form blastholes 14 of the type commonly 
used in mining and quarrying operations. After the system 10 
has been used to drillor form a plurality of blastholes 14 in the 
desired pattern, the various blastholes 14 are then filled with 
an explosive material (not shown). The Subsequent detona 
tion of the explosive material ruptures or fragments the geo 
logic structure 15, which may then be collected and processed 
in a manner consistent with the intended application (e.g., 
mining or quarrying, as the case may be). 
0027 Briefly, the system 10 of the present invention 
increases the quality of boreholes 12, i.e., the percentage of 
boreholes 12 that comply with the desired borehole specifi 
cation. Significantly, the present invention not only increases 
initial hole quality, i.e., immediately after the boreholes 12 are 
drilled, but also long-term hole quality, i.e., the percentage of 
boreholes 12 that remain in compliance after they have been 
formed. That is, boreholes 12 that are formed in accordance 
with the teachings of the present invention are less Subject to 
cave-ins and other post-drilling events that would otherwise 
make compliant boreholes 12 non-compliant. 
0028. The present invention increases both initial and 
long-term borehole quality by monitoring one or more drill 
parameters while the boreholes 12 are being formed or 
drilled. The monitored drill parameter(s) is compared with a 
predetermined specification for the parameter(s). If the moni 
tored drill parameter is outside the specification, the present 
invention selects and implements one or more defect mitiga 
tion routines to ensure that the borehole 12 is drilled to the 
desired specification. Significantly, the defect mitigation rou 
tine(s) also helps to ensure that the borehole 12 remains 
compliant even after it has been drilled. Stated another way, 
the system 10 uses the monitored drill parameter to draw a 
conclusion about one or more borehole characteristics. The 
system then chooses the mitigation routine that will most 
effectively mitigate or compensate for the particular borehole 
characteristic. Consequently, the present invention allows for 
a significant increase in the number of boreholes 12 that are 
compliant with the particular borehole specification, both on 
an initial and long-term basis. 
0029 Referring now to FIGS. 1 and 2 simultaneously, in 
one embodiment the system 10 may comprise a drill rig 16 
having a mast or derrick 18 configured to Supporta drill string 
20 having a drill bit 32 provided on the end thereof. Drill rig 
16 may also be provided with various systems for operating 
the drill string 20 to form boreholes 12 (e.g., blastholes 14). 
For example, in the embodiments shown and described 
herein, drill rig 16 may also comprise a drill motor system 22, 
a drill hoist system 24, an air injection system 26, and a water 
injection system 28, as best seen in FIG. 2. The system 10 of 
the present invention may also comprise a control system 30 
that is operatively associated with the drill rig 16, as well as 
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the various systems thereof, e.g., motor System 22, hoist 
system 24, airinjection system 26, and water injection system 
28. As will be explained in much greater detail below, control 
system 30 monitors various drill parameters generated or 
produced by the various drill systems and controls them as 
necessary to form the blasthole 14. In doing so, control sys 
tem30 may also implement the various hole defect mitigation 
routines 40 and 42 (FIGS. 4 and 5) in order to improve 
blasthole quality. 
0030. As its name implies, drill motor system 22 is con 
nected to the drill string 20 and may be operated by control 
system 30 to provide a rotational force or torque to rotate the 
drill bit 32 provided on the end of the drill string 20. Control 
system 30 may operate drill motor system 22 so that the drill 
bit 32 rotates in either the clockwise or counterclockwise 
directions. Drill motor system 22 may also be provided with 
various sensors and transducers (not shown) to allow the 
control system 30 to monitor or sense the rotational force or 
torque applied to the drill bit 32, as well as the rotational speed 
and direction of rotation of the drill bit 32. 

0031 Drill hoist system 24 is also connected to the drill 
string 20 and may be operated by control system 30 to raise 
and lower drill bit 32. As was the case for the drill motor 
system 22, the drill hoist system 24 may also be provided with 
various sensors and transducers (not shown) to allow the 
control system 30 to monitor or sense the hoisting forces 
applied to the drill string 20 as well as the vertical position or 
depth of the drill bit 32. 
0032. The air injection system 26 of drill rig 16 is opera 
tively connected to drill string 20 and may be operated by 
control system 30 to provide high pressure air to the drill 
string 20. The high pressure air from air injection system 26 
is directed through a suitable conduit (not shown) provided in 
drill string 20 and ultimately exits the drill string 20, typically 
though one or more openings (not shown) provided in drill bit 
32. The high pressure air from air injection system 26 is 
primarily used to assist in the bailing or removal from the 
borehole 12 of cuttings 34 dislodged by the rotating drill bit 
32. However, and as will be described in further detail herein, 
the system and method of the present invention may use the 
high pressure air for other purposes as well. 
0033. As was the case for the other systems of drill rig 16, 
the air injection system 26 may be provided with various 
sensors and transducers (not shown) to allow the control 
system 30 to monitor or sense various drill parameters relat 
ing to the function and operation of the air injection system 
26. 

0034. The water injection system 28 of drill rig 16 is also 
operatively connected to the drill string 20. Control system 30 
may operate the water injection system 28 to provide a drill 
ing fluid, such as water, to the drill bit 32. More specifically, 
pressurized water from the water injection system 28 is 
directed through a Suitable conduit or passageway (not 
shown) provided in drill string 20, whereupon it ultimately 
exits the drill string 20, typically through one or more open 
ings (not shown) provided in drill bit 32. The water (or other 
drilling fluid) from water injection system 28 is primarily 
used to assist in the removal of cuttings 34 from borehole 12. 
However, the system and method of the present invention may 
also use the water injection system 28 for other purposes as 
well, as will be described in greater detail herein. 
0035. The water injection system 28 may also be provided 
with various sensors and transducers (not shown) to allow the 
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control system 30 to monitor or sense various drill parameters 
relating to the function and operation of the water injection 
system 28. 
0036. As mentioned, the control system 30 is operatively 
connected to various systems and devices of drill rig 16 and 
receives information (e.g., drill parameters) from the various 
systems and devices of drill rig 16 in the manner described 
herein. In addition, control system 30 also stores program 
steps for program control, processes data, chooses or selects 
one or more hole defect mitigation routines (e.g., 40 and 42), 
and implements those routines by the appropriate control of 
the various systems and devices of drill rig 16. 
0037 Referring now to FIGS. 3-5 simultaneously, control 
system 30 may be programmed to implement a method 36 for 
drilling the boreholes 12 in accordance with the teachings 
provided herein. Briefly, in a first step 38 of method 36, the 
control system 30 monitors one or more drill parameters 
associated with the operation of drill rig 16 and the various 
systems thereof. As will be described in greater detail below, 
the particular drill parameters that are monitored by control 
system 30 may differ depending on whether the drill rig 16 is 
being operated in a drilling phase (i.e., in which the drill bit 32 
is being advanced or driven into the geologic structure 15 to 
form borehole 12) or in a retraction phase (i.e., in which the 
drill bit 32 is being withdrawn from borehole 12). Similarly, 
the particular defect mitigation routine or routines that may be 
implemented by control system 30 may differ depending on 
whether the drill rig 14 is being operated in the drilling phase 
or the retraction phase. 
0038. For example, if drill rig 16 is being operated in the 
drilling phase, control system 30 may select and implement 
one or more drilling phase defect mitigation routines 40, as 
best seen in FIG. 4. Alternatively, control system 30 may 
select and implement one or more retraction phase defect 
mitigation routines 42 when the drill rig 16 is being operated 
in the retraction phase. See FIG. 5. 
0039 Referring back now to FIG. 3, if the various drill 
parameters monitored by the control system 30 are within 
specifications for the various drill parameters, as determined 
during step 44, then control system 30 takes no further action, 
other than to continue to operate the drill rig 16 to form 
blasthole 14. That is, control system 30 will simply continue 
to monitor the various drill parameters at step 38 as the 
drilling operation proceeds. If, however, control system 30 
determines that one or more of the drill parameters are not in 
accordance with the specified drill parameters, then control 
system 30 proceeds to step 46, wherein control system 30 
chooses or selects a defect mitigation routine, e.g., either a 
drilling phase defect mitigation routine 40 or a retraction 
phase defect mitigation routine 42, as the case may be. 
0040. Once the particular defect mitigation routine has 
been selected, i.e., at step 46, control system 30 will then 
implement the particular defect mitigation routine at step 48. 
Control system 30 implements the particular defect mitiga 
tion routine by operating the various systems of drill rig 14 in 
accordance with the teachings provided herein. After the par 
ticular defect mitigation routine has been implemented, the 
control system 30 will continue to operate the drill rig 16 in 
accordance with the particular phase (e.g., the drilling phase 
or the retraction phase) at step 50. 
0041. The system 10 may be operated as follows to cause 
the drill rig 16 to drillaborehole 12, such as a blasthole 14, in 
a geologic structure 15 (i.e., the ground). Once the drill rig 16 
has been properly positioned, i.e., so that borehole 12 will be 
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drilled at the desired location, the control system 30 may 
initiate the drilling phase of operation. During the drilling 
phase, the control system 30 operates the drill motor 22, drill 
hoist 24, air injection system 26, and water injection system 
28 to begin rotating and driving the drill bit 32 into the ground 
or geologic formation 15. During the drilling phase, the con 
trol system 30 monitors (i.e., at step 38) the various drill 
parameters that are generated or produced by the various 
systems comprising drill rig 16. 
0042. As will be described in greater detail below, certain 
drill parameters are indicative of certain issues during drilling 
that, if properly managed, can mitigate or lessen the possible 
adverse effects such issues may have on borehole quality. For 
example, during the drilling phase, the control system 30 may 
monitor drill parameters such as air pressure, drill rotational 
speed, drill torque, drill depth, and the number of times the 
drill has been retracted during the drilling phase. The control 
system 30 compares these various drill parameters with pre 
determined specifications for the respective parameters. If 
one or more of the drill parameters is outside the predeter 
mined specification, the control system 30 chooses and 
implements one or more drilling phase defect mitigation rou 
tines 40, as best seen in FIG. 4. The various drilling phase 
defect mitigation routines 40 comprise an air pressure pro 
tection routine 52, a rotary stall protection routine 54, an end 
of hole spin-out routine 56, and an end of hole water control 
routine 58. 
0043. In addition, the drilling phase defect mitigation rou 
tines 40 may also comprise a collaring routine 60. In the 
embodiments shown and described herein, the collaring rou 
tine 60 is automatically performed at the start of each bore 
hole 12. That is, in one embodiment, the selection and imple 
mentation of the collaring routine 60 is not dependent on 
whether or not any drill parameteris within the predetermined 
specification. The collaring routine 60 creates a high quality 
collar 62 (e.g., the first 1-3 meters of the borehole 12). 
0044 Briefly described, the air pressure protection routine 
52 detects a failing borehole 12 by monitoring the air pressure 
at the drill bit 32. If the air pressure exceeds the predetermined 
specification, then the drill bit 32 is retracted to clear the 
obstruction in the borehole 12. The rotary stall protection 
routine 54 is useful in detecting fractures or broken-up ground 
being engaged by the drill bit 32. That is, when the drill bit 32 
encounters broken or unstable ground, the bit 32 will typi 
cally stall out (i.e., cease to rotate). The rotary stall protection 
routine 54 detects these stalls and retracts the drill bit 32 to 
allow it to rotate again. The end of hole spin-out routine 56 
monitors the number of times the bit 32 needs to be retracted 
from the borehole 12 during the drilling phase and uses that 
number as a basis for determining how long to spend at the 
bottom of the borehole 12 clearing out any cuttings 34 before 
retracting the bit 32 from the borehole 12. The end of hole 
water control routine 58 deactivates the water injection sys 
tem to allow the dry cuttings 34 being created without water 
injection to build-up a coating on the inside of the borehole 
12. The coating helps to reduce the amount of cuttings 34 that 
can fall back into the borehole 12 as the drill bit 32 is subse 
quently retracted. 
0045. The control system 30 may also utilize a variety of 
retraction phase mitigation routines 42 (FIG. 5) during the 
retraction phase of drilling, i.e., when the drill bit 32 is being 
retracted from the borehole 12. In the embodiments shown 
and described herein, the retraction phase mitigation routines 
42 comprise a drill bit hang-up protection routine 64, a torque 
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monitoring routine 66, and a hole clean-out routine 68. See 
FIG. 5. The control system 30 selects or chooses from among 
the various retraction phase defect mitigation routines 42 
based on one or more monitored drill parameters consisting 
of drill rotational speed, drill torque, hoist speed, and number 
of drill retractions. 
0046 For example, when retracting the rotating drill string 
20 from the borehole 12, the control system 30 monitors the 
hoist speed as well as the rotation speed and torque applied to 
drill bit 32. If these drill parameters are out of specification, 
the control system 30 will implement the drill bit hang-up 
protection routine 64 to free the bit and implement the hole 
clean-out routine 68. The torque monitoring routine 66 
detects bad spots in the borehole 12 by monitoring the torque 
applied to the rotating drill bit 32 as the bit 32 is withdrawn 
from the borehole 12. If the torque exceeds or is outside the 
predetermined torque parameter, the control system 30 will 
implement the hole clean-out routine 68. The hole clean-out 
routine 68 involves re-lowering the drill bit 32 to the bottom 
of the borehole 12, where the spin-out routine 56 is applied. 
The bit 32 will then be retracted once again. 
0047 A significant advantage of the present invention is 
that may be used to produce high quality boreholes 12, i.e., 
boreholes 12 that are compliant with the desired borehole 
specification. Moreover, not only is initial hole quality 
increased, i.e., the percentage of boreholes that are compliant 
with the desired specification immediately after formation, 
but long-term hole quality is increased as well. That is, the 
various defect mitigation routines help to minimize the like 
lihood that post-drilling events, such as cave-ins, will cause 
otherwise compliant blastholes 14 to become non-compliant 
before they can be filled with explosives. 
0048 Still other advantages are associated with the 
present invention. For example, by monitoring the drill 
parameters as the borehole 12 is being formed, the present 
invention is able to implement the various defect mitigation 
routines 40 and 42 on an as-needed basis. That is, the various 
defect mitigation routines are not automatically implemented 
on every borehole 12. The selective implementation of the 
various defect mitigation routines 40 and 42 allows the bore 
holes 12 to be formed as rapidly as possible, while still allow 
ing for the formation of high quality boreholes 12. Stated 
another way, the various hole defect mitigation routines 40 
and 42 are only implemented when they are needed, e.g., due 
to defects in the geologic structure 15. They are not imple 
mented in areas where the geologic structure 15 will allow the 
formation of high quality boreholes without the need to 
implement any defect mitigation routines. 
0049. Yet another advantage of the present invention is 
that it selects and applies different hole defect mitigation 
routines depending on the type of defects that are encountered 
during drilling. The present invention is thus able to apply the 
defect mitigation routine that is most appropriate for address 
ing the particular defects in the geologic structure 15 that are 
encountered when drilling each particular borehole 12. 
0050 Still yet other advantages are associated with the 
collaring routine 60. For example, by implementing the col 
laring routine 60 on every borehole 12, i.e., regardless of 
whether the monitored drill parameters are within specifica 
tion, the present invention maximizes both initial and long 
term borehole quality. The quality of the hole collar 12 will 
always be uniformly high. 
0051 Having briefly described the system and method for 
forming boreholes according to the present invention, as well 
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as some of its more significant features and advantages, vari 
ous exemplary embodiments of the invention will now be 
described in detail. However, before proceeding with the 
description, it should be noted that the various embodiments 
of the present invention are shown and described herein as 
they could be implemented on a conventional semi-auto 
mated blasthole drill rig 16 of the type commonly used in 
mining and quarrying operations to drill boreholes Suitable 
for blasting. However, it should be understood that the present 
invention could be implemented or practiced on other types of 
drill rigs that are now known in the art or that may be devel 
oped in the future that are, or would be, suitable for drilling 
such boreholes. 
0.052 Ofcourse, the present invention may also be used in 
other applications besides mining and quarrying operations. 
Indeed, the present invention could be used in any application 
wherein it would be desirable to form boreholes of consistent 
quality or otherwise compensate for variations in the geologic 
structure in which the boreholes are formed. Consequently, 
the present invention should not be regarded as limited to the 
particular devices, systems, and applications shown and 
described herein. 
0053 Referring back now to FIGS. 1-3 simultaneously, in 
one embodiment, the system 10 for forming boreholes 12 is 
shown and described herein as may be used to drill or form a 
plurality of boreholes 12 of the type used in open-pit mining 
operations. After being drilled or formed, the various bore 
holes 12 are filled with an explosive material that, when 
detonated, ruptures or fractures the geologic structure15. The 
fractured material may then be removed and processed to 
recover the valuable mineral content. 
0054. In this particular application, the drill rig 16 that is 
used to form the blastholes 14 comprises a mast or derrick 18 
that is configured to support the drill string 20 that is used to 
drill or form the blastholes 14. Drill rig 16 may also comprise 
various other systems, such as a drill motor system 22, a drill 
hoist system 24, an air injection system 26, and a water 
injection system 28, required to operate the drill string 20 to 
form the blastholes 14. A control system 30 operatively con 
nected to drill rig 16 and the various systems comprising drill 
rig 16 monitors drill parameters and controls the various 
systems in the manner described herein. 
0055 Drill rig 16 will also comprise a number of addi 
tional systems and devices, such as one or more powerplants, 
electrical systems, hydraulic systems, pneumatic systems, 
etc. (not shown), that may be required or desired for the 
operation of the particular drill rig 16. However, because such 
additional systems and devices are well known in the art and 
are not required to understand or implement the present 
invention, such additional systems and devices that may be 
utilized in any particular drill rig 16 will not be described in 
further detail herein. 
0056 Referring now primarily to FIGS. 1 and 2, drill 
motor system 22 is operatively connected to drill string 20 
and provides the rotational force or torque required to rotate 
drill bit 32 mounted on the end of drill string 20. Typically, 
drill motor system 22 will comprise an electrically- or 
hydraulically-powered system that is reversible so that the 
drill bit 32 can be rotated in either the clockwise or counter 
clockwise direction. 
0057. In most drill rigs, the drill motor system 22 is 
capable of automatic or semi-automatic operation, and will 
usually be provided with various sensors and transducers (not 
shown) Suitable for sensing and producing output signals or 
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data relating to various aspects and operational states of the 
drill motor system 22. For example, in the embodiment 
shown and described herein, drill motor system 22 is provided 
with sensors or transducers suitable for allowing the control 
system 30 to monitor the torque applied to drill bit 32, as well 
as the rotational speed and rotational direction of drill bit 32. 
Generally speaking, most drill rigs will already be provided 
with sensors or transducers suitable for providing the 
required drill parameter data to control system 30. If not, 
suitable sensors or transducers would need to be provided. 
Finally, it should be noted that because drill motors for drill 
rigs are well-known in the art, and because a more detailed 
description of Such drill motor Systems 22 is not required to 
understand or practice the invention, the particular drill motor 
system 22 that may be utilized in conjunction with the present 
invention will not be described in further detail herein. 

0058 Drill rig 16 may also be provided with a drill hoist 
system 24 that is also operatively associated with the drill 
string 20 and control system 30, as best seen in FIG. 2. The 
drill hoist system 24 applies axial or hoisting forces to the drill 
string 20 to raise and lower the drill bit 32. The drill hoist 
system 24 may be electrically or hydraulically powered and 
may be configured to apply axial forces to the drill string 20 
in both directions, i.e., to provide both “pull-up' (i.e., retrac 
tion) and “pull-down” (i.e., extension) forces to the drill bit 
32. 

0059. In most cases, the drill hoist system 24 is also 
capable of automatic or semi-automatic operation and may be 
provided with various sensors and transducers (not shown) 
Suitable for sensing and producing signals relating to various 
aspects and operational States of the drill hoist system 24. In 
the various embodiments shown and described herein, the 
control system 30 monitors hoisting forces (e.g., both pull-up 
and pull-down forces) applied to drill string 20, as well as the 
vertical position or depth of the drill bit 32. Consequently, the 
drill hoist system 24 should be capable of providing such 
information to the control system 30. If not, suitable sensors 
or transducers would need to be provided. 
0060. The air injection system 26 of drill rig 16 is opera 

tively connected to the drill string 20 and provides high 
pressure air to the drill string 20. The high-pressure air from 
air injection system 26 is directed through a suitable conduit 
(not shown) provided in the drill string 20, and ultimately 
exits through one or more openings provided in the drill bit 
32. As described above, the control system 30 of the present 
invention is operatively connected to the air injection system 
26 so that it can control the operation thereof. In addition, 
control system 30 also monitors the air pressure provided to 
the drill String 20. Generally speaking, the air injection sys 
temprovided on a typical drill rig will be capable of providing 
air pressure data to the control system30. If not, such systems 
could be readily provided by persons having ordinary skill in 
the art after having become familiar with the teachings pro 
vided herein. 

0061 Drill rig 16 may also be provided with a water injec 
tion system 28 suitable for providing water (or other suitable 
drilling fluid) to the drill bit 32. Similar to the air injection 
system 26, pressurized water from the water injection system 
may be directed through a suitable conduit (not shown) pro 
vided in the drill string 20 before ultimately exiting through 
one or more openings provided in the drill bit 32. Control 
system 30 is operatively connected to the water injection 
system 28 and controls the function and operation thereof. 
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0062. In the embodiment shown and described herein, the 
control system 30 does not monitor any parameters of the 
water injection system 28 other than the operational state 
(e.g., whether the system is “on” or “off”), although provi 
sions could be made to allow the control system 30 to monitor 
other parameters (e.g., water pressure and flow rate), if 
desired. 

0063. In addition to being connected to the various sys 
tems of drill rig 16 so that control system 30 can monitor 
various drill parameters and control the function and opera 
tion of the various systems, control system 30 also stores 
program steps for program control, processes data, and 
selects and implements the various hole defect mitigation 
routines described herein. Accordingly, control system 30 
may comprise any of a wide variety of systems and devices 
Suitable for performing these functions, as would become 
apparent to persons having ordinary skill in the art after 
having become familiar with the teachings provided herein. 
Consequently, the present invention should not be regarded as 
limited to a control system 30 comprising any particular 
device or system. 
0064. By way of example, in one embodiment, control 
system 30 may comprise a general purpose programmable 
computer, Such as a personal computer, that is programmed to 
implement the various processes and steps described herein 
and that can interface with the particular systems provided on 
drill rig 16. However, because Such general purpose program 
mable computers are well known in the art and could be easily 
provided by persons having ordinary skill in the art after 
having become familiar with the teachings provided herein, 
the particular programmable computer system that may com 
prise control system 30 will not be described in further detail 
herein. 

0065 Referring now to FIGS. 3-5, the control system 30 
may be programmed to implement a method 36 for drilling 
the boreholes 12. In the first step 38 of method 36, the control 
system 30 monitors the drill parameters associated with the 
drill rig 16. Control system 30 may do this via a suitable data 
interface (not shown) provided between control system 30 
and the various sensors or transducers associated with the 
various systems of drill rig 16. If the various drill parameters 
monitored by the control system 30 are within the specifica 
tions for the various drill parameters, as determined during 
step 44, the control system 30 will take no further action, 
other than to continue to operate the various systems of drill 
rig 16 as required to form the blast hole 14. The control 
system 30 will continue to monitor the various drill param 
eters at step 38. 
0066. If the control system 30 determines that one or more 
of the drill parameters being monitored is not in accordance 
with the specified parameter, then control system 30 will 
proceed to step 46, wherein the control system 30 chooses or 
selects a defect mitigation routine. 
0067. The particular defect mitigation routine or routines 
that may be selected by control system 30 will depend on the 
particular drill parameter that is not within specification, as 
well as on whether the control system is operating the drill rig 
16 in the drilling phase or the retraction phase. If the control 
system 30 is operating the drill rig 16 in the drilling phase, 
control system 30 will choose or select from among the vari 
ous drilling phase defect mitigation routines 40 illustrated in 
FIG. 4. On the other hand, if the control system 30 is operating 
the drill rig 16 in the retraction phase, control system 30 will 
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choose or select from among the various retraction phase 
defect mitigation routines 42 illustrated in FIG. 5. 
0068. After the defect mitigation routine has been selected 
at step 46, control system 30 will then implement the particu 
lar defect mitigation routine at step 48. The control system 30 
implements the selected defect mitigation routine by operat 
ing the various systems of drill rig 16 in the manner described 
below. After the defect mitigation routine has been imple 
mented, the control system 30 will continue to operate the 
drill rig 16 at step 50 until the borehole 12 is completed. 
0069. The drilling phase defect mitigation routines 40 
comprise an air pressure protection routine 52, a rotary stall 
protection routine 54, an end-of-hole spin-out routine 56, an 
end-of-hole water control routine 58, and a collaring routine 
60. See FIG. 4. In the various embodiments shown and 
described herein, the collaring routine 60 is performed auto 
matically for every borehole 12. That is, the selection of the 
collaring routine is not based on whether any particular drill 
parameter being monitored is outside specification. Accord 
ingly, the collaring routine 60 will be described first, followed 
by the other drill phase defect mitigation routines 52, 54, 56. 
and 58. 
0070 Referring now to FIGS. 6-8, the collaring routine 60 
involves the formation of the collar 62 of the borehole 12. 
Generally speaking, the collar 62 is regarded as the first 1-3 
meters (about 2-10 feet) of the borehole 12. The collaring 
phase is perhaps the most important phase in blasthole for 
mation. If the hole collar 62 is not properly prepared, both the 
hole quality and drill rig production will be adversely 
affected. 
0071. A number of factors or conditions can adversely 
affect the quality of the borehole 12. For example, steep piles 
70 of cuttings 34 deposited on the surface 72 adjacent the 
borehole 12 can result in back-filling of the borehole 12 after 
completion. Excessive friction between the drill string 20 and 
the wall 74 of borehole 12 can result in wall failure, crooked 
boreholes, and poor borehole quality overall. The borehole 12 
may also be plugged if the collar 62 is too narrow, particularly 
near the top of the borehole 12. 
0072. The productivity of the drill rig 16 also can be 
adversely affected if the hole collar 62 is not properly pre 
pared. For example, back-filling or even complete plugging 
of the borehole 12 means that the drill rig 16 will need to clear 
the borehole 12 of obstructions, often more than once. 
Crooked boreholes 12 will typically create excessive friction 
between the drill string 20 and the borehole wall 74, resulting 
in the inefficient delivery of power to the drill bit 32. In 
addition, crooked boreholes 12 and excessive friction can 
damage the drill rig 16 over time, resulting in increased main 
tenance costs and poor drill rig performance. 
0073. The collaring routine 60 involves a two-phase pro 
cess to form a high quality hole collar 62. Referring now 
primarily to FIGS. 6 and 7, the first phase 76 of the collaring 
routine 60 advances the drill bit 32 to a predetermined depth 
(i.e., a set depth which represents the maximum collaring 
depth) at step 78. By way of example, maximum collaring 
depth may be selected to be in a range of about 1-3 meters 
(about 2-10 feet), although other depths may be used. 
0074 Alternatively, collaring routine 60 may advance the 

drill bit 32 to a depth that is determined to consist of compe 
tent rock, at step 80. Competent rock may be determined if the 
drill penetration rate falls below a predetermined level for a 
predetermined period of time. This alternative step 80 may 
also be referred to herein as “dynamically determined collar 
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ing depth in that the depth of the collar 62 is not fixed, but 
rather is based on the particular characteristics of the geologic 
structure 15 in which the borehole 12 is being drilled. As will 
be described in greater detail below, operating the collaring 
routine 60 in conjunction with this second option (i.e., step 
80) may be advantageous in certain circumstances. 
(0075. During the first phase 76 of collaring routine 60, 
cuttings 34 will typically build-up in a steep pile 70 on the 
surface 72, as best seen in FIG. 7. In addition, it is common for 
collar plugs 82 to form in borehole 12 at a distance of about 
half a meter (e.g., about 1 foot) below the surface 72. Both of 
these conditions are detrimental to hole quality as broken 
material that would normally lay clear of the borehole 12 has 
a tendency to fall back into the borehole 12. The second phase 
84 remedies these problems. 
0076 Referring now to FIGS. 6 and 8 simultaneously, the 
second phase 84 of collaring routine 60 involves the retraction 
of drill bit 32 to location above the ground or surface 72, at 
step 86. As the drill bit 32 is retracted, the control system 30 
activates the water injection system 28. This causes mud to 
build-up on the borehole wall 74, stabilizing it. The control 
system 30 continues to activate the water injection system 28 
during the retraction process until the bit 32 is above the 
surface 72. At this point, the control system 30 de-activates 
the water injection system 28 to terminate the flow of water. 
(0077 Once the drill bit 32 is retracted to a point above the 
surface 72, control system 30 activates the air injection sys 
tem 26 (FIG. 2) to clear the ground of cuttings (i.e., at step 88). 
High pressure air, represented by arrows 89, exiting holes (not 
shown) provided in the drill bit 32 will be sufficient to blow 
the existing and normally steep pile 70 of cuttings 34 created 
in the first phase 76 away from the opening of borehole 12. 
Performing step 88 creates a more spread out, shallow cut 
tings pile 90 that is sufficiently small or spread-out to allow 
future cuttings 34 to pile up in Such a way so as to greatly 
reduce the amount of cuttings 34 apt to fall back into the 
borehole 12. 
0078 Thus, implementation of the two-phase collaring 
routine 60 results in a far more reliable borehole 12that is less 
prone to failure due to back-filling after the drill rig 16 has left 
the site. In addition, any collar plug 82 (FIG. 7) that may have 
formed is cleared from the wall 74 of the borehole 12 thereby 
allowing future cuttings 34 to clear the hole at a high rate of 
speed, further ensuring that the cuttings 34 will land far 
enough away from the opening of borehole 12 to prevent hole 
failure due to backfilling. 
0079. In addition to the steps described above, and to 
ensure a straight hole start, control system 30 may operate the 
drill hoist 24 to lift the drill bit 32 above the surface 72 by at 
least about 15 cm (about 6 inches) before rotating the drill bit 
32 and starting the borehole 12. This lifting off of the ground 
and spinning of the drill bit 32 causes any large rocks that may 
be on or slightly below the surface 72 to be pushed out of the 
way. By performing this process before starting to drill the 
borehole 12, the collaring routine 60 ensures that nothing will 
be in the way of the drill bit 32 that could cause it to be 
“kicked' sideways, thereby starting the borehole 12 in a 
crooked manner. If the borehole 12 is not straight when 
started, it will adversely affect the entire drilling process. 
Crooked holes may also result in excessive friction between 
the drill string 20 and the wall 74 of borehole 12, resulting in 
possible wall failures, short boreholes, and poor hole quality. 
0080. As briefly mentioned above with respect to FIG. 6, 
the first phase 76 of the collaring routine 60 may involve 
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alternative option (e.g., step 80) for determining the depth of 
the hole collar 62. Step 80 basically allows the depth of the 
collar 62 to be dynamically determined based on the particu 
lar conditions of the geologic structure 15 where the borehole 
12 is being drilled, rather than merely drilling to a set depth. 
Thus, step 80 may be used to ensure that an adequate depth of 
the borehole 12 is collared (i.e., the collar 62 is of adequate 
length) without the loss of productivity that would otherwise 
result from the “over-collaring of borehole 12. Stated 
another way, by simply collaring to set depths (i.e., not imple 
menting step 80), drill rig production can be reduced, as the 
collaring of the boreholes needs to be done more slowly to 
ensure the quality of the collar 62. However, if the drill bit 32 
encounters competent ground early-on, the collaring phase 
can be shortened. That is, the need to continue the collaring 
operation is greatly diminished once competent ground is 
reached. Therefore, once the drill bit 32 contacts competent 
ground, the control system 30 can complete the collaring 
routine 60, e.g., by performing the second phase 84, and move 
on to the drilling phase which typically occurs at a high rate of 
penetration or drilling. 
0081. In one embodiment, the present invention deter 
mines competent ground by monitoring the drilling rate, or 
rate of penetration, over a selected time period. Competent 
rock or ground is determined if the drill penetration rate falls 
below a predetermined level for a predetermined period of 
time. By way of example, in one embodiment, once the rate of 
penetration drops below about 1 meter per minute (about 2 
feet per minute) for a period of about 30 seconds, competent 
ground is determined to have been reached. The control sys 
tem 30 will then proceed to the second phase 84 of collaring 
operation 60 already described. 
0082 Proceeding now to the remaining drilling phase 
defect mitigation routines 40 illustrated in FIG. 4, the air 
pressure protection routine 52 is illustrated in FIG. 9 and 
serves two primary purposes: To provide plugged bit detec 
tion and prevention and to provide collapsed hole detection 
and protection. Both purposes are relevant to hole quality. 
Plugged bit protection ensures that proper air flow is being 
provided to the bottom of the borehole 12 to ensure adequate 
bailing of drill cuttings 34. Without this protective function 
ality, a plugged drill bit 34 would result in inadequate bailing 
of drill cuttings 34, causing them to remain in the borehole 12 
rather than being bailed out of the borehole 12. In addition, 
improperbailing Velocities can cause erosion of the borehole 
walls 74, which can lead to wall failure and shallow boreholes 
12. 

I0083. As illustrated in FIG.9, the drill parameter that will 
cause the control system to select and implement the air 
pressure protection routine 52 is the air pressure Supplied to 
the drill string 20. If the air pressure is normal, the control 
system 30 simply continues the normal drilling operation and 
continues to monitor the air pressure. If the air pressure 
exceeds the maximum amount, as determined by comparing 
the monitored air pressure with the predetermined value for 
air pressure, the control system 30 will follow the various 
procedures and decision paths set forth in FIG. 9. Basically, 
the procedures and decision paths involve control of the water 
injection system 28 as well as the retraction of the drill bit 32 
and the resumption of the drilling operation. If the various 
procedures and decisions paths are unable to clear the 
plugged drill bit 32, the system will provide a plugged bit 
indication to the system operator and will stop the drilling 
process. 
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I0084. Referring now to FIGS. 10 and 11, the rotary stall 
protection routine 54 detects and mitigates problems likely to 
arise from various sub-surface fractures 92 that may be con 
tained in the geologic structure 15that are being penetrated by 
drill string 20. Sub-surface fracturing of the rock or geologic 
structure 15tends to be very detrimental to borehole quality in 
that, as the drill bit 32 penetrates the fractured area 92, the 
drilling process causes the fractured area 92 to further break 
apart or loosen at the wall 74 of the borehole 12. The loosened 
or broken material has the potential for falling into the bore 
hole 12 after the drill rig 16 has left the borehole 12 upon 
completion of the drilling process. This situation must be 
mitigated in order to ensure quality boreholes 12 that will 
stand up over a period of time. 
I0085. The rotary stall protection routine 54 detects these 
fractured areas 92 due to the probability of bit stalling when 
penetrating the fracture areas 92. More specifically, as the 
broken or fractured area 92 is penetrated by drill bit 32, the 
loose rock breaks apart in large pieces that often become 
wedged between the drill string 20 and borehole wall 74. This 
wedging of broken material causes the drill string to stop 
rotating and thereby “stalls the drill motor system 22. The 
control system detects this stalled condition by monitoring 
the torque applied to drill bit 32 as well as its rotational speed. 
If the torque Suddenly increases or spikes and the rotational 
speed suddenly drops, then control system 30 determines that 
the drill motor system 22 is stalling, as best seen in FIG. 10. 
I0086. In addition, and with reference now primarily to 
FIG. 11, when fractured areas 92 are encountered, they can 
cause failure points in the wall 74 of the borehole 12. These 
failure points are manifested as Voids in the normally intact 
borehole wall 74. Loose rocks and material may fall to the 
bottom of the borehole 12 resulting in boreholes 12 that are 
not as deep as when originally drilled. In catastrophic cases, 
i.e., where the geologic structure 15 is heavily fractured, these 
voids can lead to complete hole failure, i.e., where the entire 
borehole 12 is filled up by sloughing material from the frac 
tured areas 92. For example, and as illustrated in FIG. 11, a 
heavily fractured area 94 near the bottom of the borehole 12 
has resulted in a major void 96 forming at the bit 32. Failing 
to reduce the penetration rate and rotational speed will result 
in a hole failure in most instances. 
I0087. Referring back now to FIG. 10, if control system 30 
determines that the stalled condition has persisted for longer 
than Some predetermined time, 1.5 seconds, for example, 
then the control system 30 will implement the rotary stall 
protection routine 54. More specifically, control system 30 
will operate drill hoist system 24 to retract the drill bit 32 to 
re-enable the rotation of drill bit 32. If the rotational speed of 
the drill bit 32 does not recover within some period of time, 
for example within 3 seconds, the control system 30 will 
operate drill hoist system 24 to alternately apply pull-down 
and pull-up forces to the drill string 20 in an attempt to free 
drill bit 32 and allow it to rotate again. Once bit rotation has 
been re-established, the control system 30 will operate the 
hoist system 24 to slowly lower the bit 32 back to the bottom 
of the borehole 12. Thereafter, control system 30 will reduce 
the pull-down force to avoid further stalling of the drill bit 32. 
In addition, the control system 30 will increase the rotational 
speed of drill bit 32 to further assist in the grinding up of the 
broken particles from the fractured areas 92. 
I0088. In one embodiment, the reduction of pull-down 
force and increase in rotational speed is maintained until the 
drill rig 16 meets the following conditions (i.e., indicating 
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that the drill bit 32 has passed the fractured area 92): There are 
no torque spikes for at least 15 seconds; and the rate of 
penetration has stopped changing (e.g., the penetration rate 
change over a time period of about 1 second is less than about 
6 cm per minute (about 0.2 feet per minute)). Alternatively, 
other values for these parameters could be used. Once these 
conditions are met, the control system 30 increases the pull 
down force to normal values. Control system 30 continues to 
monitor the drill parameters to ensure that the bit 32 is not 
going to stall again. In Summary, then, by slowly penetrating 
the fractured areas 92, further damage to the wall 74 of 
borehole 12 is avoided and a quality borehole 12 is further 
insured. 

I0089. The end of hole spin-out routine 56 is illustrated in 
FIG. 12. Once the drill bit 32 reaches the determined depth, 
the control system 30 will spin the drill bit 32 just above the 
bottom of the hole and allow all the cuttings 34 that have been 
created to be bailed from or exit the borehole 12. Signifi 
cantly, the time required at the bottom of the borehole 12 is 
variable and is determined by how much trouble the system 
10 has encountered during the drilling phase. Basically, the 
monitored drill parameters will allow the control system to 
determine whether the particular borehole 12 is a “good” or a 
“bad” borehole, more precisely, whether the geologic struc 
ture is stable or unstable. A good borehole is defined as a 
borehole 12 that required the control system 30 to retract the 
drill bit 32 less than two (2) times during the drilling phase. If 
the control system 30 determines the borehole 12 to be good, 
then the end of the hole spin out time will be 30 seconds, 
which will be sufficient in most instances to allow all cuttings 
34 to be bailed from the borehole 12. 

0090. On the other hand, if control system 30 determines 
the borehole 12 to be bad, then control system calculates the 
spin-out time by multiplying by 30 seconds the number of 
times the bit 32 had to retracted. For example, if the bit 32 had 
to be retracted two times, then the spin-out time is determined 
or calculated to be sixty (60) seconds. Similarly, if the bit 32 
had to be retracted three times, then the spin-out time is 
calculated to be ninety (90) seconds. In the embodiment 
shown and described herein, the maximum spin-out time is 
limited to two (2) minutes. Alternatively, of course, other 
maximum time limits could be set, as would become apparent 
to persons having ordinary skill in the art after having become 
familiar with the teachings provided herein. 
0091. In the embodiment shown and described herein, the 
end of hole spin-out routine 56 may be selected and imple 
mented during the retraction phase of the drilling process. 
That is, if control system 30 detects a problem while retract 
ing the bit, control system 30 will re-set the hole spin-ut time. 
Control system30 will then re-lower drill bit 32 to the bottom 
of the borehole 12 and perform again the hole spin-out routine 
56. If multiple passes are required to penetrate the hole, the 
end of hole spin out time is accumulated accordingly. 
0092. The end of hole water control routine 58 is illus 
trated in FIG. 13. As the drill bit 32 approaches the pre 
determined hole depth, the control system 30 disables the 
water injection system 28 to allow dry cuttings 34 to attach to 
the wet walls 74 of the borehole 12. In one embodiment, the 
control system 30 disables the water injection system 28 (i.e., 
turns off the flow of water) when the drill bit 32 is about 1 
meter (about 3 feet) from the bottom of borehole 12. Alter 
natively, other distances could be used, as would become 
apparent to persons having ordinary skill in the art after 
having become familiar with the teachings provided herein. 

May 12, 2011 

0093. Implementing the end of hole water control routine 
58 causes a coating to be formed on the borehole wall 74 that 
helps to stabilize the borehole wall 74. This coating signifi 
cantly reduces the likelihood that loose rock will fall from the 
borehole wall 74, further reducing the possibility of hole 
failure. Put another way, the end of hole water control routine 
further mitigates any Sub Surface fractures that might trans 
verse the borehole 12. 
0094. As was already briefly mentioned above, the system 
and method of the present invention may also operate the drill 
rig 16 in a retraction phase. The retraction phase is that phase 
of the drilling process during which the drill bit 32 is retracted 
from the bottom of the borehole 12 after reaching the desired 
depth. The retraction phase is complete when the drill bit 32 
is fully retracted from borehole 12 and the drill rig 16 ready to 
move to the next hole location. As illustrated in FIG. 5, the 
retraction phase defect mitigation routines 42 include a drill 
bit hang-up protection routine 64, a torque monitoring routine 
66, and a hole clean-out routine 68. The control system 30 
chooses and implements one or more of the various retraction 
phase defect mitigation routines 42 based on one or more 
monitored drill parameters of drill rotational speed, drill 
torque, hoist speed, and the number of drill retractions that 
were performed during the drilling phase. 
0.095 Referring now to FIG. 14, when retracting the rota 
tion drill string 20 from the borehole 12, control system 30 
monitors the hoist speed (i.e., the speed at which the drill bit 
32 is being retracted from borehole 12). Control system 30 
also monitors the torque applied to the drill bit 32 as well as its 
rotation speed. Control system 30 compares these monitored 
drill parameters with predetermined specifications for these 
respective parameters during the retraction phase. If the bit 
retraction rate and rotational speed decline with a correspond 
ing increase in torque, it is likely that material 98 has fallen 
from borehole wall 74 and is interfering with the rotating drill 
bit 32, as illustrated in FIG. 15. Once the drill bit 32 has been 
jammed or hung-up by material 98, control system 32 imple 
ments or performs the various steps illustrated in FIG. 15 to 
mitigate the condition. 
0096. Upon concluding that the drill bit 32 has been hung 
up or jammed by material 98, the control system 30 first tries 
to free the drill bit 32 from the obstruction (i.e., material 98) 
encountered during retraction. More specifically, the control 
system 30 operates the drill motor system 22 (FIG. 2) to apply 
maximum torque to the drill bit 32 in an attempt to cause the 
drill bit 32 to free itself from material 98. Control system 30 
also operates the drill hoist system 24 to reverse the hoist 
force applied to the drill string 20. That is, control system 30 
will stop applying a pull-up force to the drill string 20 and will 
instead apply a pull-down force to the drill string 20. In one 
embodiment, control system 30 applies the pull-down force 
for a period of 3-5 seconds in an attempt to cause the drill bit 
32 to be freed from the blockage. 
(0097. If the drill bit 32 does not begin to move either up 
and down or to rotate freely, then control system 30 operates 
the drill hoist system 24 to alternately apply pull-up and 
pull-down forces to drill string 20. In one embodiment, the 
pull-up and pull-down forces may each be applied for a time 
period or cycle ranging from about 3 seconds to about 5 
seconds, although other cycle times may also be used. 
0098. If the drill bit 32 is not free after some number of 
pull-up/pull-down cycles, then control system 30 activates 
the water injection system 28 in an attempt to use water to free 
the obstruction. The number of pull-up/pull-down cycles and 
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the amount of water applied may vary depending on the 
particular application, as would become apparent to persons 
having ordinary skill in the art after having become familiar 
with the teachings provided herein. Consequently, the present 
invention should not be regarded as limited to any particular 
number of pull-up/pull-down cycles or any particular water 
flow. However, by way of example, in one embodiment, con 
trol system 30 activates the water injection system 28 to 
provide 100% water flow if the drill bit 32 has not been freed 
after 5 pull-up/pull-down cycles. 
0099. If drill bit 32 remains jammed even afterwater injec 
tion and if drill bit 32 remains jammed after exceeding some 
predetermined fault limit, control system 30 will terminate 
the retraction process. Control system 30 may then alert a 
system operator that it was not successful in freeing the drill 
bit 32. 
0100 If the drill bit 32 begins to rotate, indicating that it is 
freed from the blockage, then control system 30 operates drill 
hoist system 23 to hoist up the bit 32 at a greatly reduced rate 
of speed. Control system 30 also operates drill motor system 
22 to increase the bit rotation speed to maximum. This is done 
in an attempt to slowly bring the drill bit 32 above the block 
age that exists. This slow retraction, combined with the high 
bit rotation speed allows the drill bit 32 to gradually break up 
the material 98 that has caused the blockage in borehole 12. 
By way of example, in one embodiment, the reduced rate of 
speed is about 0.3 m per minute (about 1 foot perminute). The 
rotation rate is about 90 revolutions per minute (rpm), which 
is about 90% of maximum rpm in this example. Alternatively, 
other reduced hoisting speeds and bit rotation rates may be 
used as well. 

0101. After the drill bit 32 has cleared the obstruction, 
control system 30 may return to a normal retraction speed 
until the bit 32 has cleared the borehole 12. Thereafter, control 
system 30 may implement the hole clean-out routine 68. 
0102 Other issues or problems may occur during the 
retraction phase that are not so severe as to cause the drill bit 
32 to become jammed (thus requiring implementation of the 
drill bit hang-up protection routine 64), but that may never 
theless adversely affect hole quality. 
0103 For example, and referring now primarily to FIGS. 
16-18, control system 30 implements torque monitoring rou 
tine 66 during the retraction phase. During this routine 66, 
control system 30 monitors the torque applied by the drill 
motor system 22 as the drill bit 32 is being retracted from 
borehole 12. If the torque varies by more than a predeter 
mined amount within a predetermined time, then control 
system 30 will implement clean-out routine 68. The variation 
in rotational torque indicates that the drill bit 32 has contacted 
something that is sticking out from the drill wall 34 suffi 
ciently far to cause interference with the drill bit 32. Once 
contact is made Sufficient to cause a variation in torque, it is 
assumed that the drill bit 32 has dislodged the obstruction and 
caused it, and possibly additional material, to fall to the bot 
tom of the blast hole resulting in a shortened hole and thereby 
poor hole quality. 
0104. It should be noted that even small variations in 
torque may be indicative of problems that could adversely 
affect hole quality. For example, in one embodiment, torque 
variations as low as about 3 percent to about 7 percent that 
occur within about 500 milliseconds or less are indicative of 
problems that are likely to adversely affect hole quality. 
0105. The rotational torque monitoring routine 66 will 
continue to trigger hole clean out routines 68 until no torque 
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variations occur during the retraction phase. Alternatively, 
control system 30 may terminate the retraction phase if more 
thana predetermined number of attempts have been made that 
would indicate that the borehole 12 is not possible to drill. 
0106. The hole clean-out routine 68 performs a “re-drill” 
of the borehole 12 from start to finish. In one embodiment, the 
control system 30 implements the hole clean-out routine 68 
under the following conditions: 

01.07 The drill bit 32 needed to be retracted more than 
twice during the drilling phase as a result of the imple 
mentation of the air pressure protection routine 52 or the 
rotary stall protection routine 54; 

0108. The implementation of the drill bit hang protec 
tion routine 64; or 

0.109. A rotational spike occurred (e.g., during the 
implementation of the torque monitoring routine 66). 

0110. The hole clean-out routine 68 incorporates all pro 
cesses, including the monitoring and implementation of the 
various hole defect mitigation routines 40, used during the 
normal drilling phase. If any of the above conditions are 
triggered again during the re-drilling of the hole, the entire 
clean out process will be re-started after the current clean out 
process is completed. This will continue for some predeter 
mined number of clean out attempts. Thereafter, the control 
system 30 will stop trying to clean the hole and will mark the 
borehole 12 as a possibly bad hole that will need to be 
checked, if desired. In one embodiment, the predetermined 
number of clean-out attempts is selected to be seven (7) and is 
user-adjustable. That is, the number may be varied by a user 
depending on a number of factors, such as, for example, the 
importance of forming a substantially defect-free borehole 
compared to the number of holes desired to be drilled within 
a given time frame. 
0111. The system 10 may be operated as follows to cause 
the drill rig 16 to drillaborehole 12, such as a blasthole 14, in 
a geologic structure 15 (i.e., the ground). In the embodiment 
shown and described herein, the system 10 may be operated in 
a fully automatic mode wherein the system 10 automatically 
positions the drill rig 16 over the selected hole location and 
proceeds to automatically drill the borehole 12 in accordance 
with the teachings provided herein. 
0112. Once the drill rig 16 has been properly positioned, 

i.e., so that borehole 12 will be drilled at the desired location, 
the control system 30 may initiate the drilling phase of opera 
tion. During the drilling phase, the control system 30 operates 
the drill motor 22, drill hoist 24, air injection system 26, and 
water injection system 28 to begin rotating and advancing the 
drill bit 32 into the ground or geologic formation 15. During 
the drilling phase, the control system 30 monitors (i.e., at Step 
38) the various drill parameters that are generated or pro 
duced by the various systems comprising drill rig 16. 
0113. During the drilling phase, the drill parameters moni 
tored by control system 30 include air pressure, drill rota 
tional speed, drill torque, drill depth, and the number of times 
the drill has been retracted during the drilling phase. The 
control system 30 compares these various drill parameters 
with predetermined specifications for the respective param 
eters. If one or more of the drill parameters is outside of the 
predetermined specification, the control system 30 chooses 
and implements one or more drilling phase defect mitigation 
routines 40, as best seen in FIG. 4. 
0114. As mentioned, in one embodiment, the control sys 
tem 30 will automatically implement the collaring routine 60 
at the start of each borehole 12. That is, in one embodiment, 
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the selection and implementation of the collaring routine 60 is 
not dependent on whether any drill parameter is within the 
predetermined specification. The collaring routine 60 creates 
a high quality collar 62. Thus, automatically implementing 
the collaring routine 60 on every borehole 12 helps to ensure 
that each hole collar 62 will be of a high quality. 
0115 Of course, if none of the monitored drill parameters 
are outside the predetermined specification for each param 
eter, then control system 30 will simply drill each borehole 12 
in accordance with a developed drilling phase methods. That 
is, control system 30 may well drill a number of holes wherein 
none of the various drilling phase defect mitigation routines 
(with the exception of the collaring routine 60) will need to be 
implemented. On the other hand, and depending on which 
drill parameters are outside of specification, control system 
30 may choose and implement one, several, or all of the 
drilling phase mitigation routines 40 on a single borehole 12. 
0116. After the borehole 12 has been drilled to the desired 
or target depth, the control system 30 will then operate the 
drill rig 16 in the retraction phase, i.e., withdraw the drill 
string 20 from the borehole 12. Control system 30 monitors 
various drill parameters during the retraction phase. Again, if 
none of the various parameters exceed or are outside the 
predetermined specifications for those parameters, then the 
drill string 20 is simply withdrawn from the borehole 12. The 
drill rig 16 may then be moved or trammed to the location for 
the next borehole. On the other hand, if one or more of the drill 
parameters being monitored during the retraction phase 
exceed or are otherwise outside the corresponding predeter 
mined specification, then control system 30 may implement 
one or more of the retraction phase defect mitigation routines 
42 in the manner described herein. 
0117 Having herein set forth preferred embodiments of 
the present invention, it is anticipated that Suitable modifica 
tions can be made thereto which will nonetheless remain 
within the scope of the invention. The invention shall there 
fore only be construed in accordance with the following 
claims: 

1. A method for drilling a borehole, comprising: 
initiating a drilling phase; 
monitoring a drill parameter during the drilling phase; 
determining whether the monitored drill parameter is 

within a predetermined specification for the monitored 
drill parameter; 

choosing a drilling phase defect mitigation routine based 
on the monitored drill parameter when the monitored 
drill parameter is outside the predetermined specifica 
tion; 

implementing the drilling phase defect mitigation routine; 
and 

resuming the drilling phase. 
2. The method of claim 1, wherein monitoring a drill 

parameter comprises monitoring one or more drill parameters 
selected from the group consisting of air pressure, drill rota 
tional speed, drill torque, drill depth, and number of drill 
retractions. 

3. The method of claim 2, wherein choosing a drilling 
phase defect mitigation routine further comprises choosing 
one or more drilling phase defect mitigation routines selected 
from the group consisting of air pressure protection, rotary 
stall protection, end of hole spin-out, and end of hole water 
control. 
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4. The method of claim3, further comprising choosing said 
air pressure protection routine when said monitored air pres 
Sure is outside a predetermined specification for air pressure. 

5. The method of claim 4, wherein said air pressure pro 
tection routine comprises: 

retracting a drill bit; 
applying air pressure to the drill bit; 
monitoring the air pressure; 
resuming the drilling phase when the monitored air pres 

Sure is within the predetermined specification; and 
activating a drill water injection system to unclog the drill 

bit when the monitored air pressure is outside the pre 
determined specification. 

6. The method of claim3, further comprising choosing said 
rotary stall protection routine when one or both of said moni 
tored drill rotational speed is outside a predetermined speci 
fication for rotational speed and said drill torque is outside a 
predetermined specification for drill torque. 

7. The method of claim 6, wherein said rotary stall protec 
tion routine comprises: 

retracting a drill bit; 
rotating the drill bit; and 
resuming the drilling phase with one or both of a reduced 

down-force and an increased rotational drill bit speed. 
8. The method of claim3, further comprising choosing said 

end of hole spin-out routine when said monitored drill depth 
meets a predetermined specification for drill depth. 

9. The method of claim8, wherein said end of hole spin-out 
routine comprises: 

retracting a drill bit to a position above a bottom of the 
borehole; 

rotating the drill bit for a spin-out period if the drill bit was 
retracted two or fewer times during the drilling phase; 

rotating the drill bit for a product of the spin-out period and 
the number of drill retractions if the drill bit was 
retracted 3 or more times during the drilling phase; and 

retracting the drill bit from the borehole. 
10. The method of claim 3, further comprising choosing 

said end of hole water control routine when said monitored 
drill depth meets a predetermined specification for drill depth. 

11. The method of claim 10, wherein said end of hole water 
control routine comprises deactivating a water injection sys 
tem when a drill bit is within a predetermined distance from a 
bottom of the borehole. 

12. The method of claim 1, further comprising performing 
a collaring routine after said initiating a drilling phase. 

13. The method of claim 12, wherein performing a collar 
ing routine further comprises: 

performing a first phase collaring operation from a Surface 
start until one or both of a penetration rate drops below 
a predetermined penetration rate and a drill bit reaches a 
maximum collaring depth; and 

performing a second phase collaring operation after the 
penetration rate drops below the predetermined penetra 
tion rate. 

14. The method of claim 1, further comprising: 
initiating a retraction phase; 
monitoring at least one drill parameter during the retraction 

phase; 
determining whether the monitored drill parameter is 

within a predetermined specification for the monitored 
drill parameter; 
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choosing a retraction phase defect mitigation routine based 
on the monitored drill parameter when the monitored 
drill parameter outside the predetermined specification; 
and 

implementing the retraction phase defect mitigation rou 
tine. 

15. The method of claim 14, wherein monitoring a drill 
parameter comprises monitoring one or more drill parameters 
selected from the group consisting of drill rotational speed, 
drill torque, hoist speed, and number of drill retractions. 

16. The method of claim 15, wherein choosing a retraction 
phase defect mitigation routine further comprises choosing 
one or more retraction phase defect mitigation routines 
selected from the group consisting of drill bit hang-up pro 
tection, torque monitoring, and hole clean-out. 

17. The method of claim 16, further comprising choosing 
said drill bit hang-up protection routine when one or both of 
said monitored drill rotational speed is outside a predeter 
mined specification for drill rotational speed and said moni 
tored hoist speed is outside a predetermined specification for 
hoist speed. 

18. The method of claim 17, wherein said drill bit hang-up 
protection routine comprises: 

increasing the rotational speed of a drill bit; 
lowering the drill bit; 
determining whether the drill bit is freed; and 
raising the drill bit at a reduced hoist speed. 
19. The method of claim 18, further comprising: 
alternately applying to the drill bit a down hoist force and 

an up hoist force; and 
activating a water injection system if the drill bit is not 

freed after said alternately applying down and up hoist 
forces. 

20. The method of claim 17, further comprising choosing 
said torque monitoring routine when said monitored drill 
torque is outside a predetermined specification for drill 
torque. 

21. The method of claim 20, wherein said torque monitor 
ing routine comprises: 

performing said hole clean-out routine; 
retracting a drill bit from the borehole; 
resuming the drilling phase; and 
performing an end of hole spin-out routine. 
22. The method of claim 16, further comprising choosing 

said hole clean-out routine when one or more of said moni 
tored drill retractions is outside a predetermined specification 
for drill retractions, said monitored hoist speed is outside a 
predetermined specification for hoist speed, and said moni 
tored drill torque is outside a predetermined specification for 
drill torque. 

23. The method of claim 22, wherein said hole clean-out 
routine comprises: 

lowering a drill bit to a position above a bottom of the 
borehole; 

rotating the drill bit for a spin-out period if the drill bit was 
retracted two or fewer times during the drilling phase; 

rotating the drill bit for a product of the spin-out period and 
the number of drill retractions if the drill bit was 
retracted at least 3 times during the drilling phase; and 

retracting the drill bit from the borehole. 
24. A system for drilling a borehole, comprising: 
a drill rig comprising a drill, an air injection system, and a 

water injection system; 
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a control system operatively associated with said drill rig, 
said control system receiving information from said drill 
rig relating to at least one drill parameter, controlling 
said drill rig, storing program steps for program control, 
and processing data; 

said control system processing information relating to the 
drill parameter, determining whether the drill parameter 
is within a predetermined specification for the moni 
tored drill parameter, choosing a hole defect mitigation 
routine based on the monitored drill parameter when the 
monitored drill parameter is outside the predetermined 
specification, said control system controlling said drill 
rig to implement the chosen hole defect mitigation rou 
tine. 

25. The system of claim 24, wherein said hole defect miti 
gation routine comprises at least one drilling phase defect 
mitigation routine and at least one retraction phase defect 
mitigation routine. 

26. The system of claim 25, wherein said drilling phase 
defect mitigation routine comprises one or more selected 
from the group consisting of air pressure protection, rotary 
stall protection, end of hole spin-out, and end of hole water 
control. 

27. The system of claim 26, wherein said control system 
monitors one or more drill parameters selected from the 
group consisting of air pressure, drill rotational speed, drill 
torque, drill depth, and number of drill retractions. 

28. The system of claim 27, wherein said control system 
implements said air pressure protection routine when said 
monitored air pressure is outside a predetermined specifica 
tion for air pressure. 

29. The system of claim 27, wherein said control system 
implements said rotary stall protection routine when one or 
both of said monitored drill rotational speed is outside a 
predetermined specification for rotational speed and said drill 
torque is outside a predetermined specification for drill 
torque. 

30. The system of claim 27, wherein said control system 
implements said end of hole spin-out routine when said moni 
tored number of drill retractions during the drilling phase is 
outside a predetermined specification for number of drill 
retractions. 

31. The system of claim 27, wherein said control system 
implements said end of hole water control routine when said 
monitored drill depth exceeds a predetermined specification 
for drill depth. 

32. The system of claim 27, wherein said retraction phase 
defect mitigation routine comprises one or more selected 
from the group consisting of drill bit hang-up protection, 
torque monitoring, and hole clean-out. 

33. The system of claim 32 wherein said control system 
monitors one or more drill parameters selected from the 
group consisting of drill rotational speed, drill torque, hoist 
speed, and number of drill retractions. 

34. The system of claim 33, wherein said control system 
implements said drill bit hang-up protection routine when one 
or both of said monitored drill rotational speed is outside a 
predetermined specification for drill rotational speed and said 
monitored hoist speed is outside a predetermined specifica 
tion for hoist speed. 

35. The system of claim 33, wherein said control system 
implements said torque monitoring routine when said moni 
tored drill torque is outside a predetermined specification for 
drill torque. 
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36. The system of claim 33, wherein said control system 
implements said hole clean-out routine when one or more of 
said monitored drill retractions is outside a predetermined 
specification for drill retractions, said monitored hoist speed 
is outside a predetermined specification for hoist speed, and 
said monitored drill torque is outside a predetermined speci 
fication for drill torque. 

37. A method for drilling a borehole, comprising: 
monitoring a drill parameter, 
using the monitored drill parameter to draw a conclusion 

about a borehole characteristic; 
choosing a defect mitigation routine based on the borehole 

characteristic; and 
implementing the defect mitigation routine. 
38. The method of claim 37, wherein monitoring a drill 

parameter is conducted during a drilling phase. 
39. The method of claim 38, wherein monitoring a drill 

parameter comprises monitoring one or more drill parameters 
selected from the group consisting of air pressure, drill rota 
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tional speed, drill torque, drill depth, and number of drill 
retractions. 

40. The method of claim 39, wherein choosing a defect 
mitigation routine further comprises choosing one or more 
defect mitigation routines selected from the group consisting 
of air pressure protection, rotary stall protection, end of hole 
spin-out, and end of hole water control. 

41. The method of claim 37, wherein monitoring a drill 
parameter is conducted during a retraction phase. 

42. The method of claim 41, wherein monitoring a drill 
parameter comprises monitoring one or more drill parameters 
selected from the group consisting of drill rotational speed, 
drill torque, hoist speed, and number of drill retractions. 

43. The method of claim 42, wherein choosing a defect 
mitigation routine further comprises choosing one or more 
retraction phase defect mitigation routines selected from the 
group consisting of drill bit hang-up protection, torque moni 
toring, and hole clean-out. 
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