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NOTICE

The primary object of the Anvil Points 0il Shale Research Center
TECHNICAL MEMORANDU!M is to advise authorized personnel employed
by the Participating Parties (1) that various activities are in
progress or that certain significant data have been obtained
within the Research Center.

These TECHNICAL MEMORANDA have bean prepared to nrovide rapid,
on-the~snot reporting of research currently in progress at Anvil
Points. The conclusions drawn by project personnel are tenta-
tive and may be subject to change as work vnrogresses. The
TECHNICAL IMEMORAIDA have not be edited in detail.

(1)Socony Mobil Oil Company, Inc., Project 'anager
Humble 0il and Refining Commany
Continental 0il Company
Pan American Petroleum Corporation

Phillips Petroleum Company
Sinclair Research, Inc.
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INTRODUCTION

The primary purpose of carrying out this series of drilling
tests on a Rotary-Percussion Drill was to determine if any
improvement could be made on drill penetration rates attained
by the U. $S. Bureau of Mines. Durinc the Bureau's mining opro-
ject, it was established that straight nercussion drill per-
formance would range between one and two feet per nminute
depending upon bit size. The Bureau of “ines also carried out
preliminary testing on a rotary drill of their own design,

and attained penetration rates up to five feet per minute,
though there was insufficient testing to be conclusive.

Drill penetration rates are important in planninc any future
mining operation because they affect the entire sequence of
operations. The length of time it takes to drill out a heading,
preparatory to blasting, is an inverse function of the drill
penetration rate., The face drilling time affects the number

of drills, drill crews and working headings which are necessary
to maintain a given level of production. The more numerous the
working headings the greater the need for mobility of locading
and hauling equipment. All these factors seriously affect
mining methods and costs,.

Joy Manufacturing Company produces a rotary mercussion drill
which has a much improved performance over that of the standard
percussion drill. "Then Joy was willing to make available a
demonstration rotary percussion drill riqg for cdemonstration at
Anvil Points, it was decided to take this opvortunity for car-
rying out a drill test program.

The test procedure was set up with a view to optimizing the
penetration rate as a function of bit thrust, rate of rotation,
bit diameter, bit type, shale o0il content, drilling direction
ané hole flushing media. Due to tihe lack of adeguate measuring
devices on the drill jumbo and alsc to numerous maintenance
problems, it was found impossible to achere to the experimental
design laid out. However, it was possible to obtain significant
information on penetration rates.

The tests were started on March 17, 1965 and were concluded on
March 31, 1965. The drill was operated by Joy "anufacturing
Company representatives under the direction of P. G. Zambas of
Socony dMobil ©il Company, Inc.




SUMMARY

The RPD Drill:

It appears that this type of drilling may be used in oil shale.
Further testing may show that an improved type of bit would
yield better results. B2Also, it is possible that better pene-
tration rates may be obtained if the machine is keot in better
iepair than the demonstration unit appeared to be during the
est. ‘

The Cobra Boom:

This is a very versatile boom. It can be rotated and positioned
at practically any location on the face. There is one dis-
advantage associated with this boom, that it is activated by

a three-point support structure. This arrangement makes it
impossible to move the boom in either the horizontal cor the
vertical direction. The boom moves along the arc of a circle.
This feature, however, can be changed if a jumbe is to be de-
signed for drilling a particular round.

The Rig:

The entire rig is mounted on a truck. Since this is a demon-
stration rig and has to be transportated from mine to mine,

it has been designed with specific reference to highway speci~-
fications rather than to the requirements that might be imposed
by an underground operation. For such an operation, additional
booms (and drills) can be installed on the same carriage and
constructed in such a way as to drill a particular round on

a face of predetermined dimensions.

The Operators:

It was apparent that the people who operated the rig had a
thorough knowledge of the characteristics of the machine. It
was noticed, however, that the entire unit was in poor repair.
The lack of any maintenance program on the rig itself was
probably the main reason for the poor performance of the rig
during the major portion of the test.

Servicing:

During the test it became obvious that the operators of the
rig did not receive all the possible help from the local
representatives of the manufacturer. Even the main offices

of the company seemed to be lax in their support of the unit
and its operators. A number of items that were needed for the
demonstration (and which were ordered from the main Joy
factory) were not sent out to the location as soon as they
could have been.



CONCLUSIONS

Although the final results of this series of tests are not as
detailed or as accurate as originally hoped for, they are
significant and quite important in terms of their applicability
to the evaluation of the possible mining costs of oil shale.
These results indicate that a less conservative drilling rate
might be assumed in mining cost calculations, possibly as high
as 8 to 10 feet per minute compared to a rate of three to five
feet per minute that was accepted prior to these tests.

The results also indicate that larger diameter holes can be
drilled at higher penetration rates than smaller holes, within
the limits of the size ranges tested (1 5/8 inch to 2 inches).
The probable reason for the increase in drilling speed is that
the drill cuttings clear better out of larger diameter holes
thereby improving the cutting ability of the bit.

Finally these tests show that penetration rate varies with the
0il content of the shale.



RECOMIYENDATIONS

It is recommended that a plain rotary drill be tested in oil
shale. It is entirely possible that better results may be
achieved with a plain rotary than were attained with the
Rotary-Percussion Drill. If this does not prove to be the
case, it is recommended that additional testing be done with
the Rotary-Percussion Drill so that more accurate data c~n
be obtained on the performance of this type of drill.

It is also suggested that a series of blastino exveriments be
planned with the object of determining the optimum hole diameter
that should be used in drilling headings, as well as bench
rounds, in o0il shale. Once such an optimum diameter is deter-
mined (for best fragmentation, optimum size distribution of

the broken ore, minimum explosive usage, minimum drilling cost,
etc., etc.) then all drilling tests can be confined to that

size.
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GENERAL

Equipment: Rotary-Percussion Demonstration Unit of Joy

Manufacturing Company

Place: Anvil Points 0il Shale Mine
Cross~-cut No. 9, between "Abhle" and "Charlie"
Cross-cut Ho. 8, between "Charlie" and "Easy"
Cross-cut No. 8, "Easy"

Time: The tests started on March 17, 1965 and were

concluded on March 31, 1965,

Operators: The machine was operated by: J. Douglas and

J. Pillsbury, both of Joy Manufacturing Company

Observers: 3/15/65 P. G. Zambas Socony Mobil 0il Company
3/16/65 R. Frazer Joy Manufacturing Company
3/19/65 G. Zumwalt Socony Mobil 0il Company
3/19/65 J. H. Haddad Socony Mobil 0il Company
3/22/65 F. N. Fagan Socony Mobil Oil Company
3/22/65 H. Gilliland Continental 0il Company
3/22/65 C. Knutson Continental 0il Company
3/22/65 B. Martin Continental 0il Company
3/22/65 d. Wahl Continental 0il Company
3/22/65 P, Williams Joy Manufacturing Company
3/23/65 J. Hentla Joy Manufacturing Company
3/25/65 M. Ludwick Climax Molybdenum Company
3/25/65 H. Patterson Climax Molybdenum Company
3/25/65 A, Smith Climax Molybdenum Company
3/31/65 T. Lehner Joy Manufacturing Company

The original purpose of this series of drilling tests was to
det.ermine the rate of venetration of a Rotary-Percussion Drill
(RPD) in oil shale. The variation of this rate was to be deter-—
mined as a function of a number of machine and rock variables
such as:

a. Amount of thrust on the bit

b. Rate of rotation

c. Type and size of bit used

d. 0il content of the shale

e. Orientation of the drilling direction with respect

to the bedding plane of the shale
f. Type of drilling - wet, dry, or semi-wet
g. Line pressure applied to the drill

In addition to the above, a number of time elements were to be
measured such as:

a. Steel retraction time

b. Steel re-positioning time

c. Bit life between re-sharpenings

d. Amount of water used per minute or foot of hole



e. Time needed to <9rill a round

f. Time needod to drill a hole for a roof bolt

g. Approximate cost of fuel per operating hour of the
drill

Unfortunately, after discussing the proposed program for the
tests with the operators of the rig, it became apparent that

it would be impossible to obtain detailed and accurate infor-
mation on a number of the variables described above due to the
lack of adequate measuring devices on the rig itself. BAs a
result of this, the scope of the test was severely curtailed.
Nevertheless, a series of tests was decided upon which would
still yield sufficient and significant information on penetration
rates and its variation in the different beds of o0il shale.

Yhen the machine was taken into the mine and put into operation,
a number of breakdowns occurred which further limited the scope
of this test series. Briefly, the following items failed

and caused delays:

a. The hydraulic motor could not deliver the required
RPM to the drill.

b. A new (higher speed) motor was installed but could
not fit on the gear box,.

c. The circulating water system froze in the piping of
the machine.

d. A leak developed in one of the hydraulic cylinders
of the drill boom.

e. A Nitrogen Accumulator (for back-up pressure on the
boom) was defective. Vhen repaired it lasted for
about six holes and became defective again.

f. A new accumulator was ordered and installed.

g. The hydraulic pressure was found inadequate and
caused the motor to stall.

h. The filter on the hydraulic system was found com-
pletely plugged and had to be cleaned and revnlaced
since a new one was not available.

Because of all these breakdowns, the only significant results
were obtained in the last two to three days of the test.

Nonetheless, at the end of the tests it became apparent that
this type of drill would perform satisfactorily in oil shale.
A number of significant readings were taken. These readings
are probably sufficient for the drawing of a number of curves
that would describe relationships between the rate of pene-
tration and the operating variables. Although these results
may not be conclusive to the degree that a decision to buy
one of these machines can be based on them, they are signifi-
cant enouch to be used as a basis for primary economic calcul-
ations of the cycling times, and the cost for the drilling
part of mining oil shale.
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ANALYSIS OF DATA

Description of the Test Runs

Only those tests which are considered significant are included.

a. Drilling the same bed of shale the following
quantities were varied:
Thrust - (80 - 100 psi)
Rotation ~ (400 - 420 RPM)
Bit size - (1 3/4" - 2%)
(3/18/65)

b. Drilling in three different beds of shale the following
gquantities were varied:
Thrust - (90 - 100 psi)
0il Content - (14 to 16 gal/ton)
Bit size - (1 5/8" - 2")
(3/25/865)

c. Drilling in three different beds of shale the following
guantities were varied:
Thrust - (50 - 100 vosi)
Rotation - (480 - 520 RPM)
0il Content - (15 to 50 gal/ton)
Bit size - (1 3/4" - 2")
(3/29/65)

d. A complete face round was drilled in "Easy" to the sveci~
fications shown in Appendix I. A time study was taken
while this round was being drilled. Also a record was
kept of the amount of water used during this test.
(3/30/65)

e. Drilling in ten different shale beds the following

guantities were varied:

Thrust - (70 - 90 psi)

Rotation - (500 - 510 RPM)

0il Content - (5 - 60 gal/ton

Direction - (Parallel, perpendicular, and 45° to the
bedding plane)

(3/31/65)

General Results:

]-'

The penetration rate is related to the amount of thrust
applied to the bit. This relationship can be seen on

Figure 2, Appendix II. The optimum amount of thrust seems
to be in the area of 70 ~ 80 psi (applied to the feed motor).

The penetration rate is related to the rate of rotation of
the bit. The data obtained for this part of the experiment
was limited. Furthermore, the rate of rotation was not
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constant during the various runs. An attempt has been made
to draw an inferred curve from the data available, see
Figure 3, Appendix II. The only conclusion that can be
made is that higher penetration rates can be obtained in
the higher rotation speed ranges of 470 to 510 RPI.

There seems to be a variation in the rate of penetration
with different drill bits. Only three bits were tested
and the rate of penetration varied from 9.45 to 11l.3 feet
per minute. Unfortunately no conclusion can be drawn
from the limited data.

The penetration rate is related to the diameter of the bit
used. The penetration rate increases as the diameter in-
creases, This is related to the amount of space that is
used for cleaning the cuttings from the hole. Because the
same size steel was used at all times, this snace was lar-
ger with a larger bit. The relation between the penetration
rate and the bit diameter is shown on Figure 4, Appendix II.

The penetration rate varies from one o0il shale bed to another.

This can be shown to be related to the oil content of the
oil shale. Figure 5 shows that penetration increases as
the o0il content increases.

The penetration rate at right angles to the beddinc plane

of the oil shale is different from the rate in holes drilled
parallel to the plane. An insufficient number of tests

were performed at right angles (and at 45°) to the bedding
plane. From this limited testing, however, it is indicated
that the rate is lower in these directions than in the
direction parallel to the beds.

A very limited number of holes was drilled "dry". The
results of this particular test indicate that there is no
difference in the rate of penetration between drilling
"dry" and "wet",

The average time required to move the drill from one (com-
pleted) hecle and to position it at the next hole was 1.33
minutes. This number, however, is considerably inflated
because the operator was not familar with the pattern he
was to drill on the face. As a result he had to be guided
continuously; this made it necessary for him to spent
considerably more time in moving the boom from one hole to
the next. In view of the above, a fiagure of 0.663 minute
per hole is considered more representative.

The average time required to retract the bit and steel from
a completed hole was found to be 0.273 minutes per hole
(or 0.0248 minutes per foot).
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The average time required to collar each hole was found to
be 0.275 minutes. However, the comments under Item 8 above
apply to this item also, and a figure of 0.218 minute per
hole is considered more representative.

Three bits were used to the point where they were ready

to be resharpened. The footages attained were: 358 feet,
534 feet, and 319 feet (average: 404 feet per bit). Two
additional bits were destroyed (carbide inserts were
sheared off) at footages of 238 feet and 221 feet (average
230 feet mer bit).

The amount of water used during tne drilling operation was
approximately 15.3 gallons per hole. However, this quantity
is quite inflated, due to the special. piping arrange- .
ments existing on the experimental rig. A more realistic
figure would be 13 gallons per hole.

One round was drilled off on a face in the mine, as shown
in Appendix I. A time study was made during this rnart of
the testinc series. Five time elements were considered:
Drill, Retract, Reposition, Collar, and Delay. The "Drill"
element should be taken at face value (100%). The "Retract"
element should zlso be taken at face value (100%). The
"Reposition” element should be taken at only 50% value in
line with the remarks made under Item 8 above. The "Collar"
element should be taken at 80% wvalue in line with the re-
marks under Item 8 above. The "Delav" time includes time
that was primarily spent in moving the truck closer to,

and further away from, the face. This was necessary be-
cause of the special design of the demonstration rig. A
production rig would be so designed as to recuire a mini-
mum amount of moving back-and-forth to the face. For this
reason, this item should ke taken at only 10% value. The
fellowing table summarizes the above:

Measured  Value Weighted % of Per Hole
Min. % Min. Total Min.

bPriliin
Retract
Reposit
Collari
Delays

To

Discu

g B1.94  ~1008 <~ 61.94  52.28%  1.413
ing 15.94 100% 15.94 10.17% 0.275
ioning 76.91 50% 38.46 24,54% 0.663
ng 15.93 80% 12.74 8.13% 0.220
76.55 10% 7.66 4.88% 0.132

tals 267.27 156.74 100.00% 2.703

ssion:

When
sugge
shale
at a

the rig was moved into the Anvil Points "ine, the operators
sted (on the basis of their previous experience in oil

) that the optimum rate of penetration could be obtained
thrust equivalent to a 95 to 100 psi air pressure supplied
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to the feed motor. This is the reason for the very high number
of holes drilled at 90 and 100 psi. However, as testing con-
tinued, it became obvious that good results were possible at
lower pressures also. The results are tabulated in Apvendix II
and plotted on Figure 2. From the curve it can be seen that the
optimum thrust for an "average" rate of penetration is akout

75 to 80 psi. Since the number of holes drilled under identically
the same conditions was very limited, the tabulation and the
curve were constructed with all the available points. Thus, the
"average" curve includes points for different bit diameters,
rates of rotation, oil contents, etc. It is assumed that the
operator of the drill would be in a position to vary the rotation
and the thrust during the drilling of a round. Therefore, the
average curve can be thought of as an "overall" curve for the
entire face at an o0il content varying between 3.1 and 52 gallons
per ton.

The rate of rotation recommended by the overators was 485 RPM,
Such high rotation was not possible with the hydraulic motor
already installed on the rig (ifotor No. 1l). A new motor was
installed later during the tests. The RPM of the hydraulic
motor was entirely dependent on the RPM of the truck engine,
see Figure 1, Appendix II. During the tests the truck-engine
RPM varied considerably. This accounts for the scattered
appearance of the points on Figure 3. As a result only a very
preliminary conclusion can be reached on the effect of rotation
speed on the rate of penetration.

Two types of two-inch bits were used in the tests. Both types

of bits had a 30° leading angle (30°/30° - see Notes and Descrip-
tion of Bits Used in Appendix III), with the center hole plugged.
Bits Numbers 5, 6, and 9 had four side holes 3/16 inch in dia-
meter. Bit Number 8 had two of the four side holes enlarged

to 7/32 inch in diameter. Taking all the results for the two-
inch bit, it appears that the rate of penetration was the same
for Bits Number 5, 6, and 8, but different for Bit Number 9 which
was the same type as Bits Numbers 5and 6. It is gquite possible
that Bit Number 9 was a much newer bit. However, it is also
possible that the type of carbide insert in that bit was dif-
ferent. Since sufficient data is not available at this time,
only a preliminary conclusion can be reached, to the effect

that the type of bit used has an effect on the rate of vene-
tration. This was to be expected.

In the past, it has been generally assumed that the larger the
diameter of the bit used the slower the rate of penetration
would be, since a larger amount of energy is required to drill

a larger area of hole. However, in addition to the energy
required for drilling the hole, the space available for cleaning
the rock cuttings out of the hole is a consideration which has
an effect on the rate of penetration. Since the same size steel
was used for the various hole diameters, the space available
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for cleaning the hole was larger with the larger bit diameters.
Thus, the rate of penetration is shown to increase with increased
bit and hole diameter. Most of the drilling for this portion

of the tests was done in oil shale containing approximately 15
gallong per ton.

The o0il content of the shale has a significant effect on the
rate of penetration of the bit in the rock, see Figure 5. The
points on the curve include only those holes drilled with a
two-inch bit. The rate of rotation that would give the maximum
penetration was different in the various shale beds., Again it
is assumed that the drill operator (under actual operating con-
ditions) wouléd be in a position to vary the rate of rotaticn

as needed for drilling into the various bheds.

The rates of penetration at right angles and at a 45° angle to
the bedding planes appears to be lower than the rate for drilling
parallel to the bedding planes. However, the data collected for
this mode of operation is wvery scant and the results cannot be
conclusive. Further testing of this noint is indicated.

The time reguired to position the drill was discussed under
"General Results”. It is estirated that if the operator had

had the opportunity to drill eight or ten rounds before bheing
tired, the positioning time would be cut to half. For general
purposes, therefore, it is assumed that a time elerment of 0.663
minutes per hole can be considered as a representative figure

for "removing the boom from one hole location, moving it to the
next hole location at the correct distance, vositioning it at

the correct angle, and stincing the face" (stinging means applying
pressure on the boom to make it stationary on the face).

The average time required to retract the bit and steel from a
completed hole was found to be very consistent and equal to
0.273 minute ver hole. If this is converted on a per foot
basis, it becomes: 0.0248 minute per foot, or the steel is
being retracted at the rate of: 40.3 feet per minute. This
last figure can be applied directly to any length of hole. The
retracting time starts at the instant when the hole is completed
and ends at the instant when the bit emerces from the hole.

Of the eleven bits used, six drilled for a total of 699 feet of
hole. None of these six bits was worn enough to be ready for
resharpening., Two more bits drilled for a total of 459 feet

of hole and then the carbicde inserts were sheared off. (Average:
230 feet per bit). The last three bits drilled for a total of
1,211 feet of hole and then were removed to be resharpened.
Taking the last catecory only the average life per bit between
resharpenings appears to be glightly over 400 feet. The bits
that sheared off will not he considered revresentative, since
they were used during the time when the optimum thrust and
optimum rate of rotation were being investicated and, therefore,
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were subjected to undue rotational and thrust conditions. It
is suggested that a more conservative figure of 300 to 530 feet
be used. The operators incdicated that each bit would take six
to twelve resharpenings before being discarded. 1If the average
number of nine is used, the life of a bit can be calculated

to be about 3,000 feet of hole. At an indicated cost of $14.00
per bit (bought in quantity) the cost of the bit on a per foot
basis is about $0.0050 plus the cost of resharpening. This
figure can be appliecd to holes of any length.

A 500-gallon water tank was used in conjunction with the rig but
only 452.5 gallons could be used at one time. This amount of
water was sufficient for 29,5 holes. The average consumption

of water was, therefore, calculated to ke 15.3 gallons ner hole,
However, the piping connections on the experimental ric were such
as not to allow the flushinc of the hole with air. This is done
in actual production drilling as soon as the bit reaches the
bottom of the hole. 8Since that was irpossible during this test,
the operator was forced to keep flushing with water while re-
tracting the steel from the hole. This increased the water
consumption considerably. Since the time spent in drilling
alone represents about 85 pe:cent of the time required for
drilling and retracting, it is suggested that the actual water
consumption under operating conditions would be in the order

of 13 gallons per hole, or 0.87 gallon per foot of hole.

Part of a regular round was drilled in the mine, see Appendix I.
The data from this round and a short discussion appear under
"General Results”. It is interesting to note that the average
time required to drill one hole was 1.413 minutes compared to

a low of 0.87 minute that was achieved on one hole during the
test. The items: Repositioning, Collaring, and Delays can

be used on a "per hole" basis for any round that may be designed.
The items: Drilling and Retracting, however, must be converted
to a "per foot" basis first, applied to the length of the holes
for the round in guestion, and then used on a "per hole" basis.

On the basis of this performance of the demonstration rig in
drilling the round (58 holes 10 feet long) it is estimated

that it would take about 7 1/2 hours for a complete (60. feet by

39 feet) round of 15 feet holes. If more than one drill is
incorporated on the rig, this time can be reduced considerably.

One man can operate one drill at about 95 percent efficiency,

and can probably operate two drills at about 80 percent efficiency.
Thus, it is estimated that one man with a two-machine rig could
drill a round in about 4 1/4 hours.




: N o “t H i .
: . N - ! - vy - -
w c P \ ; . 1
i §
. e - I SO —
; .
’ : s e 0 :
. PR i . . L — . PO .
s PRI AN + . - . . ) " i ;
‘ PR i Ll w ;
- ' \N‘\\‘ : I ] - sy ey a m 4
. Vo ey o : H
& ¢ M K . H . .
; ! ;
:
. H 9
H )
: S S . - . e o o 1 e E
; M 1
| .m
yw *t
O A ) B R S !
B L, R e . - | ;
| | | . |
¥ } . "t
i m # \ / .
| \
1 .
. { g
b | M
| i
o !
s . H
;ﬁ |
! S SR Y SV VO . L : - s
- 7 A - U -~
v L5 A 7,8 LR 7.5
" ;
; e I - e e e . Cn
3 e N
: -/ ~ N “ e
! R T O 5 o C\\\\ e \ ‘ u\.\\\\
o
1.
| e
! . :
(b} C\ N I3 Q.\ C\\\
] e o o
e v AN e ~ !
- ) - ) :
. |
L, X o . - “
. - iy T - . ;
‘ IXd A /./ e // e
! ot A
i L ! [
“ | :
|
! P : .
- - ~ ~ -




APPENDIX I1

GRAPHICAL REPRESENTATION OF DRILLING RESULTS




Figure 1
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Figure 2

EFFECT OF THRUST ON PENETRATION RATE
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Figure 3
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Figure 4

EFFECT OF BIT DIAMETER ON PENETRATION RATE
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Figure 5
EFFECT OF OIL CONTENT ON PENETRATION RATE
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APPENDIX III

TABULATION OF DRILLING RESULTS



Column Headings Used:

l-'

10.
11.
12.
13.

14,
15.
17.

Run - hole number. All numbers beginning with "O" represent
holes drilled in the face round shown in Appendix I. The
second two digits correspond to the hole numbers shown on
the drawing.

Motor - two motors were used,
No. 1l: Slow RPM
No. 2: High RPM

Bit Number - three types and four sizes of bits were used.
For the description and size of the wvarious bits see Page
v.

Direction - drilling direction relative to the bedding
planes - Parallel (P), Perpendicular (R), Angled (A)
Location - drilling area in the mine -

XC-9 between "Able" and “Charlie", North rib (9)

XC-8 between "Charlie" and "Easy", North rib (8)

XC-9 between "Able" and "Charlie", South rib (9S)

XC-9 between "Able" and "Charlie", Floor (9F)

XC-8 in "Easy", North Face (E)

XC-8 in "Easy", East Rib (8E)

XC-8 in "Easy", Floor (8F)

0il Content - in gallon per ton from samples obtained
during drilling.

Conditions - Wet (W), Dry (D).
Truck Engine RPM - this is % 50 RPM,

Steel RPM - from calibration curves on Figure 1, Appendix
Ix.

Thrust - air pressure (psi) on the feed motor.
Length of hole, in feet.
Cumulative length of hole, in feet - for the same bit.

Time - drilling time measured in minutes between collaring
and heading to bottom of the hole.

Penetration rate in ft/min.
Retracting time in minutes from bottom to collar.

Unuseable - runs marked "X" were discarded from useable data.




18.

19.

20.

21.

22,

ii

Collar - time consumed from the moment the "stinger”
touches the face to the moment when the bit starts the
hole, in minutes.

MM + - approximate distance from Mahogany Marker, in feet.
Repositioning time in minutes counted from the moment the
bit is out of the hole to the moment when the “stinger"
is positioned on the next hole. Ilote that the collaring,
and retracting times are defined above (15, 18).

Delayé given in minutes.

Remarks - addition notes etc. on Page iii.



10.

iii
NOTES

The bit was removed. Two of the four holes were plugged
but the bit did not need resharpening vet (218 feet).

Operators had trouble with the intake water swivel, it
came loose.

The stinger was not working properly. This caused slippage
at the face and resulted in arching of the steel. The
friction between steel ané walls on the hole reduces the
penetration rate. All this is caused by a leak on the
boom and a leak on the nitrogen accumulator which controls
the stinger.

Operators decided to change the hydraulic motor in order
to get higher RPM on the steel. WNew motor, however, did
not fit. Therefore the o0ld (1) motor was put back on again.

Had trouble with the water on Run 24. “ater pressure was
low, water came in spurts. That could be an indication

that there was inadecquate cleaning of the hole. Upon closer
examination it was discovered that there was ice in the
water lines. By drilling Holes 25 and 26 dry the above

was verified. An air tank was used for pressurizing water
from this point on.

Drilling was stopped for repair work to be done on the
boom leak. Also the accumulator was removed and temporarily
repaired. Work was resumed on Tuesday.

To eliminate the recurrent accumulator trouble, the hoses

on the hydraulic system were connected to bypass the accumu-
lator. Results improved for a few runs but deteriorated
again.

Removed bit No. 2. It was ready to be resharpened. No
appreciable loss in gauge. Carbide inserts were slightly
blunted. The Joy operators claim that 6 to 12 resharpenings
are common with this type of bit. The cost ver foot of
hole is $0.00648 {maxirmum) to: $0.00324 (™inimum). This
does not include the cost of resharpening the bit.

The bit was destroyed: Two of the four carbide inserts
sheared off completely. The remaining carbides were in
fair shape.

One carbide insert was sheared off. The remaining inserts
were in good condition. To the total footage of this bit

(206 feet) must be added about 15 feet to account for

two to three holes that were half-drilled and for which no
record was kept. Total footage: 221 feet.




ll‘

12.

13.

14,

15.

iv

Bit No. 6 was a used bit which had been resharpened, the
gauge was 1 31/32 inch ~ 2 inch.

The hydraulic motor started stallino. This places too much
strain on the hydraulic system, reduces rotation, slows
down penetration and causes the steel to arch badly.

At this point the strain imposed by the motor was too great.
Tests were stopped. A new hydraulic motor Mo. 2 was put

on the drill and the rig was moved to another location
(Xc-g) .

There is something wrong with the hydraulic system. The
motor stalls continuously and the hydraulic hoses vibrate
very badly. The operators are afraid that the hydraulic
pump is out of order. If that is so, any further experi-
menting is futile.

Removed the filter of the hydraulic circuit. It was com-
pletely plugged. There is a bypass valve. It is possible
that oil could not get throuoh the filter, it went through
the bypass into the pump. Dirt in the pump could cause
stalling and vibrations (See Note 14, above).



DESCRIPTION OF BITS USED

All bits used were JOY RPD BLUE BITS, especially designed with
a sharp leading edge angle.

No. 1 Diameter: 1 5/8"
Carbides: 1 5/8" inserts, 30°/30° angle, "25 Hard"
carbide
Holes: Center hole plugged
4 side holes enlarged to 7/32" diameter
New Bit: 358 feet

No. 2 Diameter: 1 3/4"
Carbide: 1 5/8", 30°/30° angle, "25 Hard" carbide
Holes: Center hole plugged
4 side holes enlarged to 7/32" diameter
New Bit: 358 feet

No. 2' This is the old No. 2 bit resharpened

No. 3 Diameter: 1 7/8"
Inserts: 1 3/8", 30°/30° angle, "10 Hard" carbide
Holes: Center hole plugged
4 side holes enlarged to 7/32" diameter
New Bit

No. 4 Diameter: 1 7/8"
Inserts: 1 7/8", 20°/30° angle, "10 Hard" carbide
Holes: Center hole plugged
4 side holes enlarged to 7/32" diameter
Used Bit

No. 5 pPiameter: 2"
Inserts: 2", 30°/30° angle, "25 Hardé" carbide
Holes: Center hole plugged
4 side holes 3/16" diameter
New Bit: 221 feet

No. 6 Diameter: 2"
Inserts: 2", 30°/30° angle, "25 Hard" carbide
Holes: Center hole nlugged
4 side holes 3/16" diameter
Used Bit: Resharpened

No. 7 Diameter: 1 7/8"
Inserts: 1 7/8, 20°/30° angle, "10 Hard" carbide
Holes: Center hole plugged
4 side holes enlarged to 7/32"
Used Bit




vi

No. 8 Diameter: 2"
Inserts: 2", 30°/30° angle, "25 Hard" carbide
Holes: Center plugged
2 side holes 7/32"
2 side holes 3/16"
New Bit: 534 feet

No. 8' This is the old No. 8 bit resharpened

No. 9 Diameter: 2"
Inserts: 2", 30°/30° angle, "25 Hard" carbide
Holes: Center plugged
4 side holes 3/16" diameter
New Bit
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11 12 13 14 17 18 19

10

Remarks

Collar.,
Mins.

Unuseables

Penetration

Rate s, ft/min

Time
Drilling,
Mins.

Cumulative
Length, ft

Hole-feet

Thrust, psi

Steel RPM

Truck RPM

Conditions.

0il Content
Gal/Ton

Location

to vertical.
to vertical

45°
45°

9.02
8.27
7.91

1.22
1.33
1.39

165
176
187

11
11
11

.I;l
i

80
80
80

510

1500 510
1500 510
1500

W
1
W

8F 25.4
8F 25.4
8F 25.4



«y

~

™~

Direction

Bit No.

Motor

Run

A

161
162
163
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