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Forward Looking StatementForward Looking Statement

This project is a fictitious design conducted as an This project is a fictitious design conducted as an 
exercise for academic purposes.  The results are based exercise for academic purposes.  The results are based 
upon a number of assumptions that were necessary to upon a number of assumptions that were necessary to 
complete the project, but which have not been fieldcomplete the project, but which have not been field--
validated.  Results of this project should not be validated.  Results of this project should not be 
construed to represent actual conditions, intentions, or construed to represent actual conditions, intentions, or 
designs in this region.  The project involved limited designs in this region.  The project involved limited 
scope and resources, and should be regarded as a scope and resources, and should be regarded as a 
conceptual exercise.  Entities which contributed data to conceptual exercise.  Entities which contributed data to 
this project bear no responsibility for the results this project bear no responsibility for the results 
contained.    contained.    
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OverviewOverview

From 1916From 1916--1968 7M tons mined in area1968 7M tons mined in area
Bituminous Coal with banded ShaleBituminous Coal with banded Shale
Cleaned Coal: 11,710 Cleaned Coal: 11,710 btubtu/lb, 0.4% Sulfur, 15% ash/lb, 0.4% Sulfur, 15% ash
Ownership:  Union Pacific and Hawley (1983), Ownership:  Union Pacific and Hawley (1983), IdemitsuIdemitsu
(1988), CIRI (1995), Usibelli (1997(1988), CIRI (1995), Usibelli (1997--Present)Present)
Other Deposits NearbyOther Deposits Nearby
Mine Designed for 1 Mine Designed for 1 MtpyMtpy





ReservesReserves

Total Seams = 17Total Seams = 17
Total ROM Tons = 10,800,000 tonsTotal ROM Tons = 10,800,000 tons
Total Clean Tons = 6,480,000Total Clean Tons = 6,480,000
Average Seam Thickness = 6Average Seam Thickness = 6’’1010””
Max depth of deposit = 700Max depth of deposit = 700’’



Seam Density(tons/ft3) Recovery Thickness (ft) Cleaned Coal (tons)
BB 0.04 60.00% 14.92 203,647
JV1 0.04 60.00% 6.76 50,741
JV2 0.04 60.00% 7.01 40,073
BD1 0.04 60.00% 9.41 107,273
UN1 0.04 60.00% 4.72 91,318
UN2 0.04 60.00% 4.68 91,979
UN3 0.04 60.00% 4.32 101,837
CH 0.04 60.00% 3.25 123,009
MT 0.04 60.00% 6.89 280,810
MT1 0.04 60.00% 4.44 12,957
MT2 0.04 60.00% 5.25 15,308
DV 0.04 60.00% 7.23 432,428
EM 0.04 60.00% 6.44 366,807
MY 0.04 60.00% 4.50 440,308
ES 0.04 60.00% 7.34 1,229,667
SW 0.04 60.00% 11.53 1,931,617
MN 0.04 60.00% 7.37 957,544
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Wishbone Hill:Wishbone Hill:
Stripping RatiosStripping Ratios



Sections used to determine strip ratiosSections used to determine strip ratios



NORTHERN SECTIONNORTHERN SECTION
17,500,000 tons waste17,500,000 tons waste
2,000,00 tons coal 2,000,00 tons coal 
1:8.75 stripping ratio (tons coal : tons waste)1:8.75 stripping ratio (tons coal : tons waste)



MID STRIP SECTIONMID STRIP SECTION
25,840,000 tons waste 25,840,000 tons waste 
4,000,000 ROM tons coal4,000,000 ROM tons coal
1: 6.46 stripping ratio (tons coal : tons waste)1: 6.46 stripping ratio (tons coal : tons waste)



SOUTHERN SECTION (PIT SECTION)SOUTHERN SECTION (PIT SECTION)
10001000’’ radius pit recovering approximately 95% radius pit recovering approximately 95% 
of mineable coal @ 600of mineable coal @ 600’’ DepthDepth
27,011,221 tons waste27,011,221 tons waste
3,777,543 ROM tons coal from pit3,777,543 ROM tons coal from pit
1: 7.06 stripping ratio (tons coal : tons waste)1: 7.06 stripping ratio (tons coal : tons waste)



Overall Stripping RatioOverall Stripping Ratio

70,300,00 tons waste70,300,00 tons waste
10,000,000 tons coal10,000,000 tons coal
1:7 stripping ratio (tons coal: tons waste)1:7 stripping ratio (tons coal: tons waste)





Wishbone Hill:Wishbone Hill:
Mining MethodMining Method



Develop Open PitDevelop Open Pit
10001000’’ RadiusRadius
600600’’ pit depthpit depth
60 degree overall pit slope60 degree overall pit slope
3030’’ benchesbenches

Waste will be dumped/stockpiledWaste will be dumped/stockpiled

N



Layout Strips 100Layout Strips 100’’ wide x 500wide x 500’’ longlong
Perform box cut to commence strip miningPerform box cut to commence strip mining

Initial ultimate depth will be 400Initial ultimate depth will be 400’’

Dump waste into existing open pitDump waste into existing open pit

N



Begin lead on sequence for strip miningBegin lead on sequence for strip mining
3 strips x 1003 strips x 100’’ = 300= 300’’ strip developmentstrip development
2 strips x 1002 strips x 100’’ = 200= 200’’ @ 400@ 400’’ depth next to pitdepth next to pit
Leave a strip at 200Leave a strip at 200’’ for containing dump for containing dump 
material in pitmaterial in pit

N



Begin sequence:Begin sequence:
200200’’,400,400’’ and 600and 600’’ depths for each step in depths for each step in 
sequencesequence
No more than 200No more than 200’’ high wall high wall 
200200’’ and 400and 400’’ depths will be mined to using depths will be mined to using 
conventional blasting techniquesconventional blasting techniques
600600’’ depth will be reached using cast blasting depth will be reached using cast blasting 
into existing mined out stripsinto existing mined out strips

N



Continue sequence Continue sequence 
Old pit is continually filled with excess Old pit is continually filled with excess 
swell rock created by blastingswell rock created by blasting

N



Reclaim areas filled Reclaim areas filled 
Reclamation must occur continuously with Reclamation must occur continuously with 
active strip mining within 500active strip mining within 500’’
Dump material will be moved back to mined Dump material will be moved back to mined 
out strips for reclamationout strips for reclamation

N



Final reclamationFinal reclamation
Pit is full and will now be a dump sitePit is full and will now be a dump site
Slide indicates location of old pit and final Slide indicates location of old pit and final 
strip strip 
Reclamation will return land to original Reclamation will return land to original 
contourcontour

N



Wishbone Hill:Wishbone Hill:
ProductionProduction



Wash PlantWash Plant
3000 tons/day (feed)3000 tons/day (feed)
1800 tons/day (product)1800 tons/day (product)
60% average recovery (by weight)60% average recovery (by weight)
72 gallons per minute plant use and 72 gallons per minute plant use and 
dischargedischarge
$6.19/ton coal processing cost (tons $6.19/ton coal processing cost (tons 
product)product)
Product: 15% ash, 0.4% sulfur and Product: 15% ash, 0.4% sulfur and 
11,710 Btu/lb. 11,710 Btu/lb. 



Plant Plant FlowsheetFlowsheet



To Wash or Not To Wash?To Wash or Not To Wash?

Energy Information Administration



Pit Slope DesignPit Slope Design



Pit Slope DesignPit Slope Design
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F.S. = Factor of Safety
c = cohesion (lb/ft2)
A= area of the failure plane
w = weight of  block
β = angle of discontinuity from 
surface
φ = friction angle

Assuming: 
β = 10° (angle of dip)
φ = 50° (table value for sandstone)
c = 11,500 lb/ft2 (table value for soft rock)
Specific Gravity = 2.6

Then:
w = 154.991 x 106 lbs
A = 3455.2 ft2

FS = 8.23





TimingTiming
Used a TMIN of 55ms for 20Used a TMIN of 55ms for 20’’ burden, burden, 
and a multiplier of 2.0 for 2and a multiplier of 2.0 for 2ndnd RowRow
Used a Hole to Hole delay of 8ms Used a Hole to Hole delay of 8ms 
within rowswithin rows
Used incremental row to row timing Used incremental row to row timing 
increases.increases.



Designed PatternDesigned Pattern



Conventional BlastingConventional Blasting
OVERBURDENOVERBURDEN COALCOAL

(L) bench Height(L) bench Height 3030 ftft 3030 ftft

(B) Burden(B) Burden 2525 ftft 2525 ftft

(d) Hole diameter(d) Hole diameter 0.8850.885 ftft 0.8850.885 ftft

(J) sub Drilling(J) sub Drilling 88 ftft 88 ftft

(T) Stemming(T) Stemming 1313 ftft 1313 ftft

(H) Blast hole Height(H) Blast hole Height 3838 ftft 3838 ftft

(l) charge length(l) charge length 2525 ftft 2525 ftft

(S) Spacing (S) Spacing 3535 ftft 3535 ft ft 

(We) Explosive Weight(We) Explosive Weight 761761 lb per holelb per hole 761761 lb per holelb per hole

cubic yards per holecubic yards per hole

V =V = 972972 yd^3yd^3 972972 yd^3yd^3

POWDER FACTORPOWDER FACTOR

0.780.78 lb/cu.ydlb/cu.yd 0.780.78 Lb/cu.ydLb/cu.yd



Conventional Blasting:Conventional Blasting:
Vertical HoleVertical Hole



Conventional Blasting:Conventional Blasting:
Angle HoleAngle Hole



Conventional Blasting:Conventional Blasting:
PatternPattern



Wishbone Hill:Wishbone Hill:
Water ManagementWater Management



Precipitation Precipitation 



Precipitation ProbabilityPrecipitation Probability



Storm EventStorm Event
100 year 48 hours100 year 48 hours

yearyear Precipitation (in.)Precipitation (in.) Probability (%)Probability (%)
11 0.010.01 7272
22 0.10.1 4242
33 0.150.15 3535
44 0.30.3 2323
77 0.50.5 1515
1111 0.750.75 9.59.5
1818 11 5.55.5
2222 1.51.5 4.54.5
2525 2.112.11 44
5050 4.224.22 22
100100 8.448.44 11



TopicsTopics

Peak Discharge Method Peak Discharge Method 
Peak DischargePeak Discharge

Sediment Pond DesignSediment Pond Design
CapacityCapacity
Soil lossSoil loss

Slurry Pond DesignSlurry Pond Design
CapacityCapacity
EmbankmentEmbankment



Watershed BoundaryWatershed Boundary



Sediment PondSediment Pond
Runoff (Q) 100 yr Runoff (Q) 100 yr –– 48 hr storm48 hr storm

Q = 6.602 inchesQ = 6.602 inches
P = 8.44 inchesP = 8.44 inches
CN = 84.7CN = 84.7
S = 1.81S = 1.81
Runoff volume = Runoff volume = 
4.95 million cu. ft.4.95 million cu. ft.



Sediment PondSediment Pond
Peak Discharge 100 yr Peak Discharge 100 yr –– 48 hr storm48 hr storm

F QA qq u=
• qu is about 400 cfs/mi2/in
• A is 0.32 square miles
• Q is about 6.602 inches
• F  is 0.81
• q  = (400)(0.32)(6.602)(0.81) = 691 cfs



Sediment PondSediment Pond

Settling VelocitySettling Velocity
0.001542593 ft/sec0.001542593 ft/sec

Using 10 feet Hydraulic RadiusUsing 10 feet Hydraulic Radius
Total Total VolumeVolume

1.32 million cubic feet1.32 million cubic feet

Cover about Cover about 447,685 sq. ft.447,685 sq. ft.
Annual Sediment accumulationAnnual Sediment accumulation

0.43 tons/acre0.43 tons/acre



Slurry PondSlurry Pond

total volume of fines for 10 year life total volume of fines for 10 year life 
15.3 M cubic feet15.3 M cubic feet

maximummaximum height of Embankmentheight of Embankment
42 feet42 feet

settling pond water volume settling pond water volume 
605,284 cubic feet605,284 cubic feet

water depth of settling pondwater depth of settling pond
3 feet3 feet



Liner for Slurry PondLiner for Slurry Pond

60 mil HDPE60 mil HDPE
ProtectionProtection

12 or more inches of granular materials12 or more inches of granular materials



Downstream MethodDownstream Method



Equipment SelectionEquipment Selection

Equipment Selection was designed around a 30,000 ton per Equipment Selection was designed around a 30,000 ton per 
day operationday operation



Equipment SelectionEquipment Selection
EquipmentEquipment ProviderProvider ModelModel

PowePowe
r r 

(Hp)(Hp)

Max Max 
Width(ftWidth(ft

))

Max Max 
Length(ftLength(ft

))
ArticulatioArticulatio

n(degn(deg))
VelocityVelocity
(mph(mph))

# of # of 
EquipmenEquipmen

tt CostCost

Haul TruckHaul Truck CATCAT 785 C785 C 13481348 21.7821.78 36.1736.17 3636 variablevariable 66 $1,900,000$1,900,000

LoaderLoader CATCAT 993K993K 950950 19.419.4 5050 4040 variablevariable 11 $2,000,000$2,000,000

ShovelShovel BucyrusBucyrus 295HD295HD -- -- -- -- slowslow 11 $3,000,000$3,000,000

LoaderLoader CATCAT 930H930H 149149 8.438.43 24.9424.94 4040 variablevariable 11 $500,000$500,000

DozerDozer CATCAT D10D10 580580 15.915.9 30.430.4 n/an/a 55 33 $500,000$500,000

Powder Powder 
TruckTruck

AamcorAamcor
LLCLLC HB09151HB09151 156156 1212 3535 1818 variablevariable 11 $100,000$100,000

Motor GraderMotor Grader CATCAT 16 M16 M 297297 1616 38.338.3 47.547.5 1010 11 $500,000$500,000

Man CarrierMan Carrier FORDFORD F350F350 300300 88 2020 2020 variablevariable 66 $30,000 $30,000 

Maintenance Maintenance 
TruckTruck FORDFORD F550F550 500500 1111 2424 1818 variablevariable 22 $50,000$50,000

DrillDrill
Atlas Atlas 
CopcoCopco DMDM--M3M3 950950 18.8618.86 66.566.5 3535 slowslow 11 $750,000$750,000

Water TruckWater Truck CATCAT 785C785C 13481348 21.7821.78 36.1736.17 3636 variablevariable 11 $1,000,000$1,000,000



Equipment SelectionEquipment Selection

785 C Haul Trucks 785 C Haul Trucks 
(150 ton capacity)(150 ton capacity)
993 K Loader 993 K Loader 
(22 cubic yards)(22 cubic yards)



Equipment SelectionEquipment Selection

D10 T DozersD10 T Dozers

16 M Motor Grader16 M Motor Grader



Equipment SelectionEquipment Selection

Bucyrus 295 HD Bucyrus 295 HD 
(17 cubic yards)(17 cubic yards)
Drill Master DMDrill Master DM--M3M3



Wishbone Hill:Wishbone Hill:
EconomicsEconomics



Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years

Capital CostsCapital Costs
Equipment Fleet: Equipment Fleet: $23.4 million$23.4 million
Support Equipment:Support Equipment: $2.1 million$2.1 million
Site Infrastructure:Site Infrastructure: $22.8 million$22.8 million
Development Costs:Development Costs: $26.2 million$26.2 million

Total Capital Costs:Total Capital Costs: $74.5 million$74.5 million



Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years

Operating CostsOperating Costs
Supplies & Materials :Supplies & Materials : $13.77/ ton$13.77/ ton
Salaried Personnel:Salaried Personnel: $2.01/ ton$2.01/ ton
Hourly Labor:Hourly Labor: $6.14/ton$6.14/ton
Processing Cost:Processing Cost: $6.19/ton$6.19/ton
Trucking Cost:Trucking Cost: $16.50/ton$16.50/ton

Total Operating Costs:Total Operating Costs: $44.61/ton$44.61/ton



Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years

Total capital cost per ton:Total capital cost per ton: $12.42$12.42
Operating cost per ton:Operating cost per ton: $44.61$44.61
Taxes & Royalty per ton:Taxes & Royalty per ton: $3.92$3.92

Total cost per ton:Total cost per ton: $60.95$60.95

Blended coal price:Blended coal price: $100/ton$100/ton

Net profit per ton: Net profit per ton: $39.05($23.43 M/year)$39.05($23.43 M/year)



Coal PriceCoal Price IRRIRR NPV@20% interestNPV@20% interest

$85$85 --30.22%30.22% --$43,976,030$43,976,030

$90$90 1.20%1.20% --$35,877,791$35,877,791

$100$100 11.00%11.00% --$20,288,144$20,288,144

$110$110 17.74%17.74% --$5,636,189$5,636,189

$120$120 23.34%23.34% $9,015,766$9,015,766

$130$130 28.25%28.25% $23,667,721$23,667,721

Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years



Coal Price vs. IRR
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Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years



Payback

-$100,000,000
-$80,000,000
-$60,000,000
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Mine EconomicsMine Economics
1,000,000 tons for 10 years1,000,000 tons for 10 years



ConclusionsConclusions

Project shows marginal economics on its Project shows marginal economics on its 
ownown
Economics would improve when combined Economics would improve when combined 
with nearby depositswith nearby deposits





Wishbone Hill:Wishbone Hill:
Support SlidesSupport Slides



Cast BlastingCast Blasting

Shot LengthShot Length 500500 ftft

Bench DepthBench Depth 9090 ftft

Bench WidthBench Width 100100 ftft

Width/DepthWidth/Depth 1.111.11

HTH delayHTH delay 88 msms

stemmingstemming 14.0014.00 ftft

backfillbackfill 6.006.00 ftft

TMIN for 20'TMIN for 20' 55.0055.00 msms

explexpl/hole/hole 2,213.002,213.00 lbslbs

hole lengthhole length 96.0096.00 ftft

charge lengthcharge length 72.0072.00 ftft

ANFO ANFO 0.800.80 SGSG

ANFO ANFO 10,000.0010,000.00 VODVOD

Rock Rock 2.602.60 SGSG

DrillholeDrillhole 10.6310.63 inchinch

Key Parameters





TimingTiming

TMIN: 1.5 to 3.0 X TMIN idealTMIN: 1.5 to 3.0 X TMIN ideal
Rule of thumb, 100ms/rowRule of thumb, 100ms/row
Incremental increase with rowsIncremental increase with rows
Extra 60 ms or so for final rows for Extra 60 ms or so for final rows for 
backbreakbackbreak
May use up to 25 ms within rowsMay use up to 25 ms within rows



Designed PatternDesigned Pattern

RowRow BurdenBurden SpacingSpacing PFPF LBS/ft spacingLBS/ft spacing holes/500'holes/500' used holesused holes TimingTiming RTR delayRTR delay True BurdenTrue Burden

11 8.008.00 20.0020.00 3.893.89 110.65110.65 25.0025.00 25.0025.00 0.000.00 0.000.00 8.518.51

22 15.0015.00 25.0025.00 1.661.66 88.5288.52 20.0020.00 20.0020.00 110.00110.00 110.00110.00 15.9615.96

33 17.0017.00 30.0030.00 1.221.22 73.7773.77 16.6716.67 17.0017.00 230.00230.00 120.00120.00 18.0918.09

44 19.0019.00 30.0030.00 1.091.09 73.7773.77 16.6716.67 17.0017.00 360.00360.00 130.00130.00 20.2220.22

55 20.0020.00 30.0030.00 1.041.04 73.7773.77 16.6716.67 17.0017.00 500.00500.00 140.00140.00 21.2821.28



Runoff Curve NumbersRunoff Curve Numbers



Adjusted Curve NumberAdjusted Curve Number



Sediment PondSediment Pond



Watershed BoundaryWatershed Boundary



Matanuska RiverMatanuska River
Runoff (Q) 100 yr Runoff (Q) 100 yr –– 48 hr storm48 hr storm

Q = 6.77 inchesQ = 6.77 inches
P = 8.44 inchesP = 8.44 inches
CN = 86.08CN = 86.08
S = 1.62S = 1.62
Runoff volume = Runoff volume = 
181,618,323 cubic 181,618,323 cubic 
feetfeet



Matanuska RiverMatanuska River
Peak Discharge 100 yr Peak Discharge 100 yr –– 48 hr storm48 hr storm

F QA qq u=
• qu is about 185 cfs/mi2/in
• A is 11.55 square miles
• Q is about 6.77 inches
• F  is 0.98
• q  = (185)(11.55)(6.77)(0.98) = 14,173 cfs



L/D ratioL/D ratio

Hydraulic Radius ( r )  Hydraulic Radius ( r )  L/D=8.04*(r^(1/6)/n)manning's manning's 
coefficientcoefficient

(n)(n) 1 ft1 ft 3 ft3 ft 10 ft10 ft

0.020.02 402402 483483 590590

0.0250.025 322322 386386 472472

0.030.03 268268 322322 393393

0.0350.035 230230 276276 337337



Settling DepthSettling Depth

Hydraulic Radius ( r )Hydraulic Radius ( r )
manning's manning's 
coefficientcoefficient 1 feet1 feet 3 3 feetfeet 10 10 feetfeet

0.020.02 33 22 22

0.0250.025 44 33 22

0.030.03 44 44 33

0.0350.035 55 44 33



Sediment PondSediment Pond

Vs = Vs = 0.001542593 ft/sec0.001542593 ft/sec
q = peak discharge (cfs)q = peak discharge (cfs)
l = Length (ft.)l = Length (ft.) w = width (ft.)w = width (ft.)

Vs=Q/(l*w)Vs=Q/(l*w)
Vs = settling velocity Vs = settling velocity 
(ft./sec)(ft./sec)

l=3wl=3w

w =w = 386 ft.386 ft. volvol=1,318,921 cu ft=1,318,921 cu ft

l =l = 1159 ft.1159 ft. Depth = 2ftDepth = 2ft

Area =Area = 447,685 sq. ft.447,685 sq. ft. Hydraulic Radius= 10ftHydraulic Radius= 10ft



Fragmentation Distrubution (Coal)
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Fragmentation Distrubution 
(Sandstone)
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