Drill Time-Study - Drill Cost Analysis
Workshop - Bill Hissem
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Drilling & Blasting

® Drilling and blasting are all about
putting the right amount of energy In
the right place at the right time at
minimum cost to achieve maximum
control over the shot rock volume and
the resulting particle size distribution

In the muck pile.
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“What happens “What happens
in the pit, stays in the plant,
in the pit.” stays in the
plant.”
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Microsoft Excel - 3b - Time Study - Ranger 800 Field Demo

Drill Time-Study
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Drill Cost Analysis

How do you compare different rigs and hole sizes for:
Economy

Productivity

DP1500




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Case Mumber

Dinll Fig Type

Lirifter Type

Feed Length

Feed/Collar Clearance

Mumber Of Drllers Per Rig

Fock Characternstics:

Mineralogy Of The Rock Type

Umaxial Compressive Strength

Specific Gravity Of Rock

specific Gravity Of Explosivies

Degree Of Fracturnization




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Lirill Rate Index:

Lirill Rig Pedormance:

Addition Time per Rod [oEC)

Facking Time/Hod (5EC)

Collaring TimesHoleiMin)

flowe & Set-up Time/Hole(hIM)

Back Hammering (Y%Ferc. Time)

Met Penetration Rate (Dr-ftélin)

Gross FProduction Cycle Hate

Cperational Parameters:

Bench Height

sub-Dirlling

stemming




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Burden

Spacing

Fresplit Holes/Shot

Blast Holes/=hot

Total Holesf=hot

Awerage Hours FPer Shift

Shitts Per Day

Days Fer YWWeek

Weeks Per Year

Calc Downtime




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Calc Downtime

schduled Down Time per Shift:

For Fueling & Maintenance

For Breaks and Lunch

site Tramming Time

Mechanical Avallability

Seneral Cost Parameters:

Capitol Cost Of Dnll Rig Unit

% Financed

Frincipal Amount Financed

Finance Ferod

Annual Interest Rate

Type of Depreciation




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Term of Depreciation

Frojected Salvage “alue

Carporate Tax Hate

Uperator Labor Cost

Fuel Consumption Hate

Fuel Cost

Annual Maint. Cost (Pts+Labar)

Dirifter Cost

Drfters Hequired/YearHig




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Dirill String Cost:

Hod/Fipe Type

Drill Hod/Dnll Pipe Diameter

Cinill Hod/Dinill Pipe Length

Drll Hod/Dnll Pipe Cost

Uinll Hod/Dinll Fipe Life

Top Dnll Sub Cost

Top Dnll Sub Life

Bottorm Sub

Bottom Life




Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Button Bit Diameter

Button Bit Cost

Button Bit Lite

AMNMNUAL PRODUCTION REGUIRE

TonsfYear

Cubic-YardsfYear

1 2 3 4 5 =)

4" Pipe 4" Pipe 45" Pipe 3.5" Pipe|87mm Tube |87 mm Tube
Cikd 25 SF’J Okl 451 Ol BOO Dl BOO CF 1500 OF 1500
DTH Copco UTH Copco DTH Sandwikl DTH Sandyik]l  TH Sandwikl  TH Sandyik




Drill Cost

Variable/Scenario

Matrix

Sandvik Drill Cost Analysis
Multiple Sceanrio Input Matrix

Case Number 1 2] 3 4] 5 E
T Pipe T Pipe 45 Pipe| 35 Pipe|s7mm Tube [57wmim Tube
Dl Rig Type DM 25 5P DM 4 DIE00 DIBDD|  DP1500[  DOF 1500
riter Type DTH Copeo|  DTH Copos]  DTH Sandvik| DTH Sandvik| TH Sandhik| TH Sandvik
Feed Lengih 55 el a0 Eil 14 2]
Feed/Collar Clearance 3 3 2 2 15 1£
umber Of Drillers Per Rig 1 1 1 1 1 i
Rock Characteristics:
WMineralogy Of The Rock Type Limestone Limestore Uimestone| _Limestone| _Limestons| _ Limestone
Uniaxial Compressive Strengih 20000 20,000 20,000 20,000 20000 Z000C
Specific Gravity Of Rock 244 2.44] 244 2.44] 244 244
Speciiic Gravity Of Explosives 128 1.25] 128 1.25] 128 12
Degree OF F 25 25 25 25 25 £
T} None...4) Heaw
Dl Rate Index 65 &5 56 55 3 B

Drill Rig Performance:
Addition Time per Rod (SEC;

et Penctration Rate (DrRiMin) 33 ERE] 7 7 %) iE
Gross Production Cycle Rate [DERWED][ _ (DERWVED)|  (DERIVED)| (DERIVED)| [DERIVED]| (DERNVED:
Operational Parameters:
Bench Height il i Ed Ei il Eil
Sub-Drilling 0 a 0 a i C
Stemming 5 5 5 5 5 H
Burden 14 i 14 E 14 [E
Spacing 16 15, 16 18] 16 1
Presplit Holes/Shat i i i i i i
Blast Holes/Shot 116 115, 116 116, 116 TIE
Tatal Holes/Shat 116 716 116 118, 116 TIE
Avarage Hours Per Shit 10 0| 10 0] 10 it
Shifts Per Da 1 1 1 1 1 i
Days Per Week 5 5 5 5 5 g
Wesks Per Year E Eg 3 Eg E =
Calc Downtime
Schduled Down Tirme per Shift 13.00% 16.00%)| 13.00% 13.00%)| 0.13 01z
For Fusling & 3 1] 13 3 13 =
For Breaks and Lunch i a 0 i i t
Site Tramming Time 0 [ 0 [ 0 C
Availabilt SE00% 5 (0% 55.00% 5 007%) %% 2
General Cost Parameters

Capitol Cost Of Drill Ri

% Financed

Principal Amount Financed
Finance Perind

Annual Interest Rate

Type of Depreciation
Term of Depreciation
Projected Salvage Value
Corparate Tax Rate

Operator Labor Cost $30.00 $30.00 $30.00 $30.00 $30.00 $30.00
Fuel C Rate 121 17 & 17 17 14 14
Fuel Cost $4.26 $4.26 $4.25 $4.25 $4.25 $4.25

Annual haint. Cost (Pts-+ ahor]

Drifter Cost

Dl String Cost:

RodfPipe Type Drill Pipe Dril Pipe Orill Pipe| __Dril Pipe| __ Drill Rod| __ Drill Rot
Drill RodiDrill Pipe Diameter 4375 4375 45 15| B7mm B mm
Drill RodiDrill Pipe Length 55 Ell 20 20| 14 i

Drill Rod/Drill Pipe Cost
Drill Rod/Drill Pipe Life

Drill Sub Cost
Drill Sub Life

Bottorm Sub
Battom Life

Button Bit Diameter

Button Bit Cost
Button Bit Life

ANMUAL PRODUCTION REQUIRED I | I

[
TonsYear [ 4,200 000 4,200,000 4.200 000 4,200,000

4,200 000

[
4,200,000

Cubic-Yards/Year | (SED] (SED] (SED] (SED]

(SET)

I (SET




DM 25 SP

2.5

“Hole Diameter

Case ===

1

10

Hours per shift

@ Reg. Production

Capital Expense

Labor Cost

Fuel Cost

Dirifter Replacement Cost

Maintenance Cost

Dirill String Cost

Bit Cost

Total Drilling Cost:

50r-Ft

EfCu-Yd

" of Total

22

20"%

29%

4%

19%

4%

2%

Murnber of Rigs Required: 1 D 25 =P

Froduction: hlasHig Ahsolute Reg. Feg./Rig) %o LIl of
(Gross Drilled-Feet 251 191 2B 477 2B 477 Fig/Fleet
Met Cubic Yards 2052 420 2 043 342 2043 542 S5, 12%
Met Tans 4 280 5323 4 200 000 4 200 000




Case 1 -DM 25SP -5.5" Hole
Drill Cost Distribution

Bit Cost
2%

Drill String Cost
4%

Capitol Expense

22%
Maintenance Cost
19%
Labor Cost
20%
Drifter

Replacement Cost

4]
4% Fuel Cost

29%



DM 45 5.5 " Hole Diameter Case==> 2
10 Hours per shift

@ Reqg. Production B/0r-Ft BCu-Y "s of Total
Capitol Expense 34 %
Labar Cost 16%
Fuel Cost 31%
Drifter Replacement Cost 5%
Wlaintenance Cost 12%
Dirill String Cost 1%
Bit Cost 1'%

Total Drilling Cost:

Murnber of Rigs Required: 2 Dbt 45

Froduction: Mg Abzolute Req. Reg./Rig) Yo Litil. of
(Gross Drilled-Feet 215 448 240 477 123 235 Fig/Fleet
Met Cubic Yards 1,786,106 2043 347 1,021 b7 a7 20%
Met Tons 4671 202 4 200 000 2100 000




Case 2 - DM45 -5.5" Hole

Drill String Cost - - - .
Chuck Adaptor 1% Drill Cost Distribution

Cost
0%

Bit Cost
1%

Maintenance Cost

12%
Drifter

Replacement Cost

Q
> Capitol Expense

34%

Fuel Cost
31%

Labor Cost
16%



DI 600 5.5 " Hole Diameter Case==> 3
10 Hours per shift

@ Reqg. Production B/0r-Ft BCu-Y "s of Total
Capitol Expense 24"
Labar Cost 19%
Fuel Cost 38
Drifter Replacement Cost 3%
Wlaintenance Cost 13%
Dirill String Cost 1%
Bit Cost 2%

Total Drilling Cost:

Murnber of Rigs Required: 1 Dl GO0

Froduction: Mg Abzolute Req. Reg./Rig) Yo Litil. of
(Gross Drilled-Feet 285 320 240 477 2406 477 Fig/Fleet
Met Cubic Yards 2232 714 2043 347 2043 342 891.52%
Met Tons 4 589 b 4 200 000 4 200 000




Case 3 - DI600 - 5.5" Hole

Drill S{:’i;{g Cost Drill Cost Distribution
0

Chuck Adaptor
Cost
0%

Bit Cost

/ 2%,

Maintenance Cost

15% Capitol Expense
Drifter 249,
Replacement Cost
3%
Labor Cost
19%

Fuel Cost
38%



DI 600 3 " Hole Diameter Cage==>
10 Hours per shift

@ Reqg. Production B/0r-Ft BCu-Y "s of Total
Capitol Expense 36%
Labar Cost 16%
Fuel Cost 32"
Drifter Replacement Cost 3%
Wlaintenance Cost 11%
Dirill String Cost 1%
Bit Cost 2%

Total Drilling Cost:

Murnber of Rigs Required: 2 Dl GO0

Froduction: Mg Abzolute Req. Reg./Rig) Yo Litil. of
(Gross Drilled-Feet 2BY 320 283,122 141 5k Fig/Fleet
Met Cubic Yards 1,945 7350 2043 347 1,021 b7 52 5b %
Met Tons 3,058 25 4 200 000 2100 000




Case 4 - DI 600 - 5.0" Hole

Drill Cost Distribution

Bit Cost
Drill String Cost 204

1%

Maintenance Cost
11%

Drifter
Replacement Cost

3% Capitol Expense

35%

Fuel Cost
32%

Labor Cost
16%



DP 1500 5.5 " Hole Diameter Case==> §
10 Hours per shift

@ Reqg. Production B/0r-Ft BCu-Y "s of Total
Capitol Expense 34 %
Labar Cost 18%
Fuel Cost 29%
Drifter Replacement Cost 0%
Wlaintenance Cost 13%
Dirill String Cost 5%
Bit Cost 1'%

Total Drilling Cost:

Murnber of Rigs Required: 2 DF 1500

Froduction: Mg Abzolute Req. Reg./Rig) Yo Litil. of
(Gross Drilled-Feet 245 303 240 477 123 235 Fig/Fleet
Met Cubic Yards 2 033 B07 2043 347 1,021 b7 A0 24 %
Met Tons 4 179 554 4 200 000 2100 000




Case 5 - DP1500 - 5.5" Hole

Drill Cost Distribution
Bit Cost

1%

Drill String Cost
5%

Maintenance Cost

Q
13% Capitol Expense

34%
Drifter
Replacement Cost
0%

Fuel Cost
29%

Labor Cost
18%



DP 1500 5 " Hole Diameter Case==> bk
10 Hours per shift

@ Reqg. Production B/0r-Ft BCu-Y "s of Total
Capitol Expense 31%
Labar Cost 18%
Fuel Cost 30%
Drifter Replacement Cost 0%
Wlaintenance Cost 14%
Dirill String Cost b
Bit Cost 1'%

Total Drilling Cost:

Murnber of Rigs Required: 2 DF 1500

Froduction: Mg Abzolute Req. Reg./Rig) Yo Litil. of
(Gross Drilled-Feet 265 80d 283,122 141 5k Fig/Fleet
Met Cubic Yards 1,640 215 2043 347 1,021 b7 55,34 %
Met Tons 4,794 527 4 200 000 2100 000




Case 6 - DP1500 - 5.0" Hole

Drill Cost Distribution
Bit Cost

1%

Drill String Cost
6%

Maintenance Cost

14% Capitol Expense

31%

Drifter
Replacement Cost
0%

Fuel Cost

30%
Labor Cost

18%



Two-Variable Table Matrix

Drill Cost Production Curve Data

Case:

1

2

3

4

5

b

Fig Type:

D 25 5P

D 45

Titon GO0

Titon BOO

DP1500

DP1500

Dirifter Type:

DTH

DTH

DTH

DTH

Top Hammer

Top Hammer

Hole Diameter(in):

5.5

5.5

5.5

5

5.5

5

Bench Height(ft):

a7

a7

a7

a7

a7

a7

Drill Pipe Diameter {in.):

4

4

4.5

3.5

87 mim

a7 mim

Froduction
Fer Year
In Tons

Cirilling
CostiTon
(B Tan)

Dirilling
CostiTon
(5 Ton)

Cirilling
CostiTon
(BTan)

Cirilling
CostiTon
(3Ton)

Dirilling
CostiTon
(B Ton)

Dirilling
CostiTon
(B/Ton)

B0.0B75

100,000

200 000

300 a0o

400,000

500,000

kOO 000

700 000

500,000

500 000

1,000,000

1,100,000

1,200,000

1,300 000

1,400 000

3

4

5

b




Two-Variable Table Matrix

Full Range

1 Rig Zone

Drill Cost Production Curve Data

Case: 1 2 3 4 ] o
Rig Type: Did 25 5P Dt 45 Titon 600 Titon 600 DP1500 DP1500
Drifter Type: DTH DTH DTH DTH| Top Hammer| Top Harnmer
Hale Diameter(ing: | a5 55 £ 5 5 a5 5
Bench Heightift): 37 37 37 37 37 37
Drill Pipe Diameter (in.): 4 4 4.5 35 87mm 87mm
Production Drilling Drilling Drilling Drilling Drilling Drilling
Per Year Cost/Ton Cost/Ton Cost/Ton Cost/Ton Cost/Ton Cost/Ton
In Tans ($/Ton) ($/Ton) [$/Ton) ($/Ton) (/Ton) ($Ton)
$0.0675 1 2 3 | 4 5 3 |
100,000
300,000
400,000
500,000
700,000
900,000
000 o0g

2 Rig Zone

7,000,000




Tonnage Range for Rig Count Roll Over

Drill Cost Production Curve Data

4 /00,000

Case: 1 2 5 4 5 b
Fig Type: D 25 5P D 45 Titon BOO Titon BOO DP1500 DPF1500
Drifter Type: OTH OTH DTH DTH| Top Hammer| Top Hammer
Hole Diameter(in}: | 55| 5.5 £ 5 1 55 5
Bench Heightift): a7 37 37 a7 37 37
Drill Pipe Diameter (in.}; 4 4 4.5 3.5 8¢ mim 8¢ mm
Froduction Cirilling Dirillirg Dirillirg Cirillinng Cirillirg Dirilling
Fer Year Cost/Taon CaostTon CostTan Cost/Ton Cost/Tan CaostTon
In Tons (3 Ton] (5/Ton] ($/Ton] (5/Ton] ($/Ton] (5/Ton]
$0.0675 1 2 3 4 ) b
3,700,000
4,800 000
4,900 000
4 000 000
4 100,000
4 200,000
4 300 000
4 400 000
4 500 000




Drill Cost Analysis - 10 Hrs/Shift - 1 Shift/Day
$0.1500

$0.1400 Titan 60D
$0.1300
$0.1200
$0.1100 ; T—

$0.1000

=

=]
-
S,
&
E
(=

$0.0900
$0.0800
$0.0700
$0.0600
$0.0500

qfﬁ b
Tons per Year - Millions
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Drill Cost Analysis - 10 Hrs/Shift - 1 Shift/Day

DM25 - 5.5"
=ir=Titon 600 - 5.5"
~#-=DP1500 - 5.5"

Titon BOO

= DM45 -5.5"
=de=Titon 600 - 5"
~&--DP1500 - 5"

N ®
Tons per Year - Millions



Drill Cost Analysis - 10 Hrs/Shift - 1 Shift/Day

Titon 600

=
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DM25 - 5.5" = DM45 -5.5"
=gir=Titon 600 -5.5"  =de=Titon 600 - 5"
—4==DP1500 - 5.5" - [DP1500 - 5

q,":ﬂ b
Tons per Year - Millions




Drill Cost Analysis - 10 Hrs/Shift - 1 Shift/Day

o
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E
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DM25 - 55" = DM45 -5.5"
=dr=Titon 600 - 5.5" =d=Titon 600 - 5"
~&-=DP1500 - 5.5" g [DP1500 - 5

N ®
Tons per Year - Millions
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Drill Cost Analysis - 10 Hrs/Shift - 1 Shift/Day

DM25 - 5.5"
=ir=Titon 600 - 5.5"
—4==DP1500 - 5.5"

Titon 600

= DM45 -5.5"
=de==Titon 600 - 5"
- [DP1500 - 5

qjﬂ b
Tons per Year - Millions
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$ per Ton

Poor Excellent
Degree of Fragmentation



/ ~ 1 Blasting

$ per Ton

Poor Excellent
Degree of Fragmentation



$ per Ton

Poor Excellent
Degree of Fragmentation



$ per Ton

Poor Excellent
Degree of Fragmentation



Hauling

$ per Ton

Poor Excellent
Degree of Fragmentation



~, Crushing

$ per Ton

Poor Excellent
Degree of Fragmentation



Drilling Blasting Loading Hauling  Crushing
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Poor EXCG”EH’[
Degree of Fragmentation



Combined Unit
Operational Costs
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Poor EXCG”EH’[
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Drilling & Blasting Issues

® Safety

Y
0
|
|
' Economy

® Productivity

| Economy /&““—»X
Safety

Convergence should
i be the objective.
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