





Studies of
long-hole
drilling’

by AMIL DUBNIE** and
M. GYENGE***

Variables specifically studied at the
Mining Research Centre, EMR in-
cluded: hole length, diameter, and in-
clination.

Drilling time, and cost, were shown
10 be most sensitive to hole lengths.
The efficiency of cuttings removal in-
fluences the effects of hole diameter
and inclination.

@ Operations research techniques exist
now for optimizing mining systems.
Applications have been documented in
ore drawing to achieve required grades,
selection of haulage equipment, and
open pit design. Ultimately, the entire
mining operation may well be com-
puter controlled so that the net in-
fluence of parameter changes in any
part of it can be predicted. However,
at the outset, it appears more practical
to study smaller segments to acquire
experience and develop techniques.

About six million ft of long blastholes
are drilled annually in Canadian stopes,
S0 ore breaking by the blasthole meth-
od was selected as a study project in
the Mining Research Centre of EMR
at Elliot Lake. It was believed that
drilling could not be studied in isola-
tion from blasting and ore drawing
operations. The three functions, drilling,
blasting, and ore drawing appeared
to provide a unit which could be iso-
lated from the total mining operation
and studied in detail,

A preliminary analysis of operating
data was made from three mining com-
Panies. Owing to the form of the data
compiled for production purposes, only
limited success was achieved in their
analysis by mathematical methods.
However, the initial studies emphasized
the importance of drilling in long-
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hole stoping and closer study of drilling
seemed necessary.

BASIS CONCEPTS

After initial studies, a field drilling test
Wwas conducted to ascertain the effects
on long-hole drilling of — hole length,
hole inclination, and hole diameter.

There are many other variables to
consider, but it was hoped to keep most
of these constant. The most critical
areas where variable could influence
results were those relative to the rock
and the drilling equipment. It was
therefore decided that a uniform rock
would be found and equipment stand-
ardized.

Two parallel rings of holes were laid
out as shown in Fig. 1. They were to
be drilled from the same set-up so that
parallel 2- and 2.5-in. holes would
penetrate the same rock. A hole depth
of 100 ft was arbitrarily selected with
the object of fully revealing the effects
of depth.

Though the holes were to be drilled
for the reasons cited above, it was
decided to gather cuttings at selected
points. These would serve as checks on
the rock and could be useful for other
information. One cutting sample was
to be taken with each sharp bit used.

THE DRILLING SITE

It was not expected that perfectly uni-
form rock would be encountered within
range of the Elliot Lake laboratory. To
drill 100 ft in all directions required
an accessible location underground 200
ft thick. This was found in the Missis-
sagi quartzite, accessible on the second
level of the Nordic mine. The quartzite
was believed reasonably uniform. It
dips north at about 17° and is in-
tersected in places by steeply dipping
diabase dykes which the drill holes were
laid out to avoid. The actual site was
in an unused haulageway 9 to 10 ft
high.

The Mississagi quartzite has a com-
pressive strength of about 35,000 psi,
is abrasive, and would not be considered
as rock suitable for long-hole produc-
tion drilling. However, owing to its
greater uniformity, it appeared more
suitable than a specific ore for purposes
of this project.

EQUIPMENT

DRILLING MOUNTING

In an effort to maintain standard con-
ditions, a popular long-hole drill was
used. It had a 4.5 in. piston capable
of delivering 1905 blows at 175 ft-lb
per minute at 90 psi air pressure. An
independent feed motor is capable of
exerting a 3000-1b thrust, but its use
to the limit was not expected. The drill
is normally provided with neutral and
reserve rotation which can be selected

by the operator.

The mounting consisted of two 9-ft
vertical bars with jacks, between which
was clamped a horizontal bar. The
tubing in the horizontal bar was 3.5 in.
od and 0.31 in. thick.

STEEL AND BITS

Drill steel was a shot-peened, 1-in.
hexagonal, alloy rod with 0.34 in. dia.
water hole. Thread was of a reverse-
buttress type, 1.25-in. od. Weight was
10.5 1b per 4-ft length. Couplings were
6 in. long, 1.75 in. od, case hardened,
and weighed 2.5 Ib each. Rod and
coupling pairs were to be left together
throughout. The steel selected was com-
parable to that used in operating mines.

Bits were of a common, bottom drive,
4-wing type with inserts containing
10% cobalt. Inserts on 2-in. bits were
0.69-in. high, 0.375-in. wide and 0.72-
in. long. On the 2.5-in. bits they were
0.75, 0.44, and 0.94-in. respectively.
The bit was designed with one central
and one flushing hole in each wing.

In an operating mine, a bit testing
program would result in adoption of a
bit which would wear in gauge and
height to achieve the most efficient use
of the tungsten carbide. An important
requirement was satisfactory toughness
to avoid premature failures. As pre-
dicted from their wide use in hard rocks
elsewhere, the bits chosen met this
requirement.

Fig. 1. Ring drilling layout
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length for sharp bits, for the diameter
and hole inclination under considera-
tion.

In Fig. 5, 6, the mean penetration
rates for 2.5- and 2.0-in. bits, re-
spectively, are plotted against hole
lengths. In these graphs, the effect
of hole inclination is averaged out;
the small discrepancies caused by
changes in rock hardness are eliminated.
In both cases, penetration rate curves,
corresponding to various bit wear and/
or cuttings removal conditions, can be
fitted to the plots obtained. The up-
permost curve again represents the
penetration rate vs hole length for
sharp bits in the case of cuttings re-
moval from a four-ft hole. The middle
curve represents penetration rate vs
hole length for bits dulled by drilling
the previous four ft and for the case
of the volume of cuttings which had
to be removed from an eight-ft length
of hole.

The lowermost curve corresponds to
drilling with bits already used for eight
ft of rock and to the condition created
by imperfect removal of cuttings which
originate from 12 ft of hole.

For hole depths between 0 and 16 ft
and between 16 and 32 ft, the same bits
were used for drilling the entire 16-ft
lengths without sharpening or removing
the bits from the hole. The penetration
rates obtained for the fourth four-ft
length seemingly lie on the curves ob-
tained for the third four-ft length. This
indicates that the penetration rate is
greatly affected by the efficiency of
cuttings removal.

DRILLING TIME FUNCTIONS

Drilling efficiency depends on penetra-
tion rate and necessary steel handling
time. The obtained drilling times, in-
cluding steel handling time and the
corresponding hole depths and hole
inclinations were analyzed resulting in
the following equations —

(@) In the case of a 2.5-in. hole
t =9.0+40.0578:2—0.00123x
—0.000124:2+0.000023¢ %a
+0.0000941¢cax?..........

(b) In case of a 2-in. hole

t =10.07+-0.33132+40.0439. 2
—0.00202a2 —0.000057 3

—0.00008¢22+0.000116 ¢
—0.00005%. ............

where,

t=drilling time, min. necessary to
drill length 1,

a =inclination of the hole, in de-
grees, measured from the horizon-
tal

t =length of the hole in ft.

Correlation between variables is ex-
cellent for both equations. The cor-
relation coefficients are 0.9984 and
0.9953 respectively. These high coef-
ficients indicate the good quality of
the field data as well as the reliability
of the equations obtained. As an ex-
ample in Fig. 7, 8, the actual field
data are plotted as well as the curves
obtained by using Eq. (1) and Eq. (2)
for the 2.5-in. 30° down-hole, and for
the 2-in. 30° up-hole respectively.

In some cases, such as in Fig. 8,
the agreement between the data and
the fitted curve for the first 10 to
15 ft of the hole length is not quite as
good as it is for the rest of the curve.
The reason for this is not known. How-
ever, the project is primarily concerned

LEGEND,
Mecasured field dato

5 1 1 1 1 'l 1

+
400
ssof wol
360 - 380
340 %0
20 340+
300} 320f
280 300 =
- 280
3 260 g
h
pos | - D 260
Z 2% z .
3 Lol LEGEND 3 0l
¥ + Measured field data &
hed 220
- 200} o
s Z 200
> = L
; []:Te ) of -
© 180 r-
g or z
3 - 160
3 eoF «c
g a Mol
1o}
120
m b
m -
80
80
er e
40l wh
or 20}
L4 . 1 1 1 3 1 1 i 1 1 1 * ¢
A 1 4
° 8 16 26 32 40 43 56 64 72 680 88 96 o f ”‘
HOLE LENGTH,/Z - FEET
Fig. 7. Drilling time vs hole length for the 2.5-in. 30° Fig. 8. Drilling
down-hole up-hole

T B
80 88 96

24 32 40 43 56 64 72
HOLE LENGTH, /£ - FEET
time vs hole length for the 2-in., 30°

1972

DECEMBER,

51




|
14
H
1
3
i
!
H
i
i

with long-hole “drilling, so these discrepancies are of little

1 1 1 1 b

Fig. 9. Drilling time vs hole length for 60° up-holes

! 1
0 %0

importance. «00 }_
Relation between drilling time and hole length 30~
From equation (1) and (2) it s apparent that the im- et~
portant variable in the drilling time function is hole length, 0}
Increasing the l_englh causes the curves to become steeper
and required drilling time rapidly increases. For example to 2or
drill a 2.5-in., 30° down-hole for 20 ft — the required drill- 300 -
ing time is 32 min. (see Fig. 7). To drill 40 ft will take 0 200}
95 min. — three times longer. Time to drill four times the &
length (80 ft) is almost 10 times as great — 317 min. é’ w0
=
T 2401
Relation between drilling and hole diameter * 2
In percussive drilling the rock is chipped away by the bit. W
The energy required for chipping, which depends on the = or
g 180 -
3 ol
120 -
380 b=
100 b~
360 ~
80
340 = 60 b~
320 = l'25 [Eq- (2)] 40 -
m - m pou
280 - ° ):) z,o 0 4 30 e 71
(%2
S ol 156 [Eq_ (2)] HOLE LENGTH, / - FEET
>
Z 20 .
= Eq.{1)
1 220 —
W 200 |- 20}
=
= 1sof- £e2) ter
2 kol
3 17 5
& 140 - ek \
o r I“: ‘\
100 +- 14f~ \
80 = ta2s 3r
tezo 12f
60 [
- ,
40 +~ 10 7 poms
N U NN SHN S SR S osf
© 0 220 0 w0 0 & W B % orl
HOLE LENGTH,/ - FEET osl1 ¢ Ly
0 0 20 0 <« %0 0 7 80 90
Fig. 10. Drilling time vs hole length for 60° down-holes MOLE LENGTH, £ FecT

Fig. 11. Drilling efficiency as function of the selected

rock properties, is a function of the
volume of the rock to be removed; it
is therefore a function of the hole
Cross-section. Assuming conmstant rock
properties and constant energy input,
the time required to drill a unit length
of hole, say one ft, is a function of the
cross-section of the hole as well. As
far as only the bit and the chipping
mechanism are concerned, this is true.
However, drilling efficiency is in-
fluenced by the mechanism and ef-
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ficiency of chip removal.

It has been suggested (7) that drilling
efficiency is a function of bit diameter
only due to imperfect removal of cut-
tings.

The present analysis, based on results
obtained under actual field conditions,
provides some understanding of the
mechanism of percussive drilling, of
the factors which influence it and of
the effects these factors have on drill-
ing efficiency.

During the tests the same machine
and drill rods were used. Air and water
pressures and rock properties were
constant. Therefore, it is possible to
determine the effect of the diameter,
as a variable, upon the drilling ef-
ficiency.,

In Fig. 9, 10, the drilling time vs
hole length are plotted for holes drilled
at plus and minus 60°, respectively.
In each of these figures, four curves
are plotted. The curve indicated by
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Fig. 12. Drilling time vs hole inclina-
tion for 2.5 in. holes

Fig. 11 indicates that drilling ef-
ficiency is influenced by effectiveness
of cuttings removal. In drilling upwards,
cuttings removal is assisted by the
gravitational force, but, in drilling
downwards, gravity opposes removal.
As the hole is deepened, the efficiency
of flushing decreases due to friction.
The effects of these factors are in-
terconnected with and depend on the
selected variable of t, d and «. Fig. 11
presents a visual display of these inter-
actions.

Relation between drilling time
and hole inclination

In Fig. 12, 13, drilling time is plotted
against hole inclinations for the 2.5-
and 2-in. holes, respectively. In both
cases the result is a family of curves
with the drill hole length, ¢, as param-
eter.

In the case of a 2.5-in, hole, inclina-
tion has little effect on drilling time up
to a depth of 20 ft. However, for
longer holes its effect becomes' sig-
nificant. At a depth of 30 ft, the mini-
mum drilling time is obtained if the
hole is drilled horizontally, while in the
case of a hole length of 90 ft, the drill-
ing time is least for a 15° down-hole.
Between plus and minus 30° inclina-
tions, the change in drilling time is

Eq. (2) represents drilling time as a
function of hole length in case of a
2-in. hole, as calculated by Eq. (2).
The curve marked by Eq. (1) applies
to 2.5 in. hole as calculated by Eq. (1).
The ratio between the 2.5 and the 2
in. diameters is 1.25. Assume that due
to the imperfect removal of cuttings
at the face of the bit, the time required
to drill a hole of the same length will
increase by the ratio of the diameters
on increasing the bit diametter from
2 to 2.5 in. The third curve, marked
1.25 [Eq. (2)], is obtained by calculat-
ing drilling time by using 1.25 times
the value obtained from Eq. (2). Let
us now assume that on increasing the
bit diameter from 2 to 2.5 in., the
time required to drill a hole of the same
length will increase by the ratio of
the cross-sections of the bits. In this
case the ratio would be 1.56. Con-
sequently the fourth curve, marked
1.56 [Eq. (2)]. represents the drilling
time calculated by using 1.56 times
the value obtained from Eq. (2).

To evaluate the results of the type
shown in Fig. 9, 10, they are com-
bined in Fig. 11. The horizontal axis
represents the hole length and the
vertical axis is the ratio between the
times required to drill 2.5 in. and
2-in. holes.
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Fig. 13. Drilling time vs hole inclination
for 2 in. holes

negligible, even for 90-ft holes. How-
ever, changing the inclination to plus
and minus 90°, the drilling time in-
creases by about 20 and 15% respect-
ively, regardless of the actual hole length
for holes longer than 30 ft.

As shown in Fig. 13, the drilling time
is more sensitive to the efficiency with
which cuttings are removed from 2-in,
holes than from 2.5-in. holes. This
is especially pronounced for hole lengths
of up to SO ft. Depending on various
factors in connection with cuttings re-
moval, drilling time varies in a wavy
pattern for holes inclined between plus
and minus 90 degrees. For a 20-ft hole,
two orientations, plus 90° and minus
40°, give the same minimum drilling
time and two orientations, plus 40° and
minus 90°, give the maximum drilling
time. As hole length increases, the
gravitational force gradually becomes
the dominant factor influencing the re-
moval of cuttings; therefore, the drill-
ing time increases considerably for the
downward orientations and minimum
drilling times are obtained exclusively
with upwards orientations. For example,
to drill a 90-ft 2-in. vertical down-hole
will require 40% more drilling time
than if drilled vertically upwards. Due
to discrepancies between the field data
and the results obtained by using the
given equations, validity of the curves
(Fig. 12, 13) corresponding to hole
lengths of 10 ft are questionable.

CONCLUSIONS

1. The drilling time, and therefore the
cost, is most sensitive to the length of
the hole.

2. The effects of the other two selected
major variable-diameter and inclina-
tion — upon drilling time, largely
depends on the efficiency of cuttings
removal,

3. The efficiency of the cuttings re-
moval depends upon hole diameter and
inclination.

4. The obtained drilling time equations
only include variables independent of
the geological conditions and of rock
properties. Consequently, for com-
parative and for design purposes, the
equations are applicable for any geo-
logical and rock conditions.

5. To improve drilling efficiency, cut-
tings removal has to be improved. [
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Long-hole drilling optimums

s Once blast hole drilling is selected as
the best method for a given orebody,
the mining engineer’s main concern is
to design blast hole patterns providing
the most economical stoping operation.
Drilling is the largest single cost item
in blast hole stoping. Consequently, op-
timization of drilling time will result
in a minimum stoping cost for the
civen conditions.
" An analysis of data (1), obtained
from field drilling tests in Mississagi
quartzite formation (2), provided the
following equations —

(a) In case of a 2.5-in. diameter hole
t = 9.0 + 0.0578x2 — 0.001234% —
0.000124x3 + 0.000023x22 +
0.00094122. . . ........... Eq. (1)
In case of a 2-in. diameter hole

t = 10.7 4 0.3313x 4+ 0.0439x2

— 0.002022° — 0.000057x3

— 0.000081x2z + 0.000116x22

- 0.00005a% . .......... Eq. (2)
where, in both cases,

t = drilling time, in minutes, to
drill a hole of length x

x = inclination in degrees,
measured from the horizontal
(upward being positive and
downward negative)

x = lengthin ft.

(b)

The drilling time equation includes
only variables which are independent
of the geological conditions and of the
rock properties. Consequently, for com-
parative and design purposes, the equa-
tions are applicable for any such con-
ditions.

The aim of this paper is to demon-
strate, with a practical example, the
use of these equations.

PARALLEL LONG-HOLES

An orebody is 20 ft thick and dips at
25 deg. To use LHD equipment, mine
management decided to mine the ore as
shown in Fig. 1, 2. Drilling drifts are
driven along the strike. The stopes have

Equations based on field tests
are formulated to calculate
the time necessary to drill
underground percussive blast
holes. These equations are
used to obtain optimum blast
hole cost through optimization
of drilling time. The method
could be useful in designing
mine layouts or in deciding on
the economics of various
possible blast hole arrange-
ments.

By M. Gyenge, Reseaich Scientist, and Amil Dubnie, Mining Engineer,
Mining Research Centre, Department of EMR, Ottawa, Canada.

a 65-ft span up-dip and a length of 300
ft along strike. A 10-ft thick pillar runs
along strike, immediately below each
drilling drift.

Parallel long-holes are drilled from
the horizontal drilling drift at 50° to
strike and the ore is blasted slab by
slab. The arrangement would provide
a nearly horizontal operating floor for
the LHD equipment.

As far as drilling and blasting are
concerned, there are two possible ways
to obtain the same result. In the first
solution the blast holes are drilled from
the lower drilling drifts as shown in
Case 1 of Fig. 2. The other solution is
to drill shorter holes from both drifts,
above and below, with 10 ft of added
length because the down-holes are
drilled through the pillar as shown in
Case 2 of Fig. 2. The question is which
requires least drilling time and least
drilling cost?

It was also required to determine the
relative economics of drilling 2- and
2.5-in.-dia blast holes.

Case |

In this case. the entire length of the
blast holes is drilled from the lower
drilling drift. Length of holes is calcu-
lated from the geometry to be 90 ft.
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Fig. 2. (above) Section A-A of Fig. 1, (1) blast holes drilled
from lower drift only, (2) blast holes drilled from both lower
and upper drilling drifts.

Fig. 1. (left) Mine layout using parallel long-holes.
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