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Use of Tunnel Boring Machines in Mine Development
at the Stillwater and East Boulder Mines

Tyler Luxner-Project Engineer (Blitz), Stillwater Mine, Nye, MT
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Stillwater Mining Company
& | argest Primary Producer of PGM's in North America
4 Operates 2 UG Mines in Montana

— Nye mine, started in the late 1980's
— East Boulder mine, stated in the late 1990’s

— Narrow Vein Mining Methods on the Reef
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Stillwater Mining Company
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STILLWATER MINE







Stillwater Mining Company;
Environmental Overview

v A cornerstone of our Operations
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Stillwater Complex Stratigraphic Column

[Wolsey Formation, Flathead Sandstone very rarely.
SERIES T G ZONES
After Todd and others, PGZ VI - Gabbronorite.
1982; Zientek, 1983. i
GZ VI - Gabbronorite.
"TGZ V - Troctolite, gabbronorite.
2000 Pd,Pt e XXX AZY - Avorthosite.
I TGZ IV - Gabbro, troctolite.
N ATZ]1V - Anorthosite lower, leucotroctilte upper.
o (L EAAYNLI;% EEI?) TGZ I - Troctolite lower; gabbro upper,
FEET ‘

22 grams/ton Pd:Pt @ 3.5 :1
5 grams Pt , 17 grams Pd
Average width 1.5 meters
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___including 4 phase cumulate rock.

AZI1I - Anorthosite.
TAZ 11 - Troctolite, anorthosite.
'( A3SZ - Troctolite, anorthosite marker horizon.
GZ 11 - Gabbronorite, anorthosite marker horizons.

ﬁl_S_Z, A2SZ,=2400, 2500 pC anorthosite marker unit.
NZII - Norite.
_©- TAZ I - Troctolite, anorthosite, norite; host to J-M Reef.
_GZ1I - Gabbronorite, anorthosite, norite.
NZ1 - Norite.

UBZ - Bronzitite.

HZ - Inerlayered dunite, harzburgite, and bronzitite;
host to 13 chromite horizons.

BBZ - Bronzitite; the lowermost layered cumulate rock.
BNZ = SILL - DIKE MEMBER - Diabase, mafic norite,
and massive sulfide; host to NI-CU deposits.
METAMORPHIC ROCKS - Contact metamorphosed.



% Beartooth Mountains Uplift

7500W Cross Section

Stillwater Mine
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Tilted Stillwater Complex Exposed in the Valley
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J-M Reef: 28-Mile Long Strike Length
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% Stillwater Mine Orebody Delineation
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% Why TBM ? Justification
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Rationale for TBM Compared to Conventional

m Higher advance rate
— Generally, straight advances greater than 4,000 ft long

Schedule Advantage
Ground support- natural arch and no blast damage
Ventilation

Uses different skill set then conventional Drill/Blast,
reduces manpower conflict

m “Pre-Built” Rail Haulage



% Stillwater Mining Company

TBM Development
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m Stillwater Mine- 1988 to 1991

— Jarvka 13 * diameter
» 26,430 feet on 4 levels

— Future: 2012 Blitz Project Robbins 18’
diameter

m East Boulder Mine — 1998 to 2000

— CTS and Robbins 15" diameter
» 37,492 feet- twin access tunnels

— Current; 2011 Graham Creek
Total SMC TBM Development > 12 miles
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% Jarvka Machine
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5000E TBM Drive
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Blitz Project

m Announced in 2010

m Develop 2 miles of the JM Reef East of the Stillwater
Mine

m New Development- 5 year project

New substation, loci shop, and water system upgrades at the
Stillwater Mine site to support Blitz Development

Benbow 6,000 foot Decline cross- cut access , 4 miles East
of the Stillwater Mine
» Ventilation Access

5000E TBM Drive -22,500 feet of Haulage tunnel-18’

5600E conventional Drive connected to TBM tunnel below
with raise bore rock passes and ventilation holes



Blitz Project
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% Blitz Project- TBM
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Blitz Project-TBM Chamber

New 5000E TBM Chamber with the Cutterhead af |




Blitz Project-TBM Assembly
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% Blitz Project
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% Blitz Project
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— 36 inch gauge rail installed on advance

— Rail haulage level ready when drive is complete

— Permanent Sumps Installed, 5,000 spacing, on advance
— Transformer cutouts on advance




Blitz Project-TBM Route
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% Blitz Project
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Challenging Geology

m TBM drive 400 ft south of Reef in competent Norite
Three Right Lateral Offsetting Faults
— Offsets expected up to 400 feet
— Poor Ground Conditions, Be Prepared

m Diamond Drill on Advance
— Establish Reef position information

— Collect geotechnical information on ground ahead as well as
information for 5600E conventional drive

— Check for local ground water
— Resource information



% Blitz Project-Diamond Drilling
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Diamond Drill every 500 ft of advance

— 3 Dirills on the Machine
» Drill 1 50 ft back from the face
» Drill 2 110 ft back from the face
» Drill 3 on the 8™ trailing deck

— Drill 3600 ft every probe stop
— Dirill through Casing/ Valves to handle Water

— Have 7 days to complete each program




% Blitz Project-Diamond Drilling
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Blitz Project-Ground Support
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Methodical Ground Support Plan
— 5 different ground support types
Based upon on SMC History

BLITZ PROJECT 5000E TBM GROUND SUPPORT PLAN PER SMC sTanDaRDS  Fault Ground Support

Bolts In top 1200!2% of tunnel will be Instolled by TBM rock drills, —
Sl h ILl be Instolled mor‘e 't htlally ‘th sho
ver

8 In length will requ ?r‘e ext Ions, 8 I " the mox. drlll feed

TYPE V GROUND SUPPORT - F|ber Shotcrete

EXTREMELY POOR GROUND 127 - 207 WIDE

i ] — Grout ring for water
| — W6 x15%# steel sets on

SN 6 ft spacing

Plan View of Bock

- _ %%N A SYSTEMATIC 3° GRID IN BACK. - M C N al Iey S u ppo rt Syste m

- TWO ROWS OF 8 REBAR BOLTS ON & CENTERS IN RIBS.
e @ — 20° CAELE BOLTS.
PP By — CABLE BOLTS ON & CENTERS IN BACK AND RIBS.

— 5° FRICTION BOLTS ON 4 SYSTEMATIC 3¢ GRID.

SURFACE SUPPORT
& i @ - 4° APERTURE, #6 GAUGE 'WELDED WIRE MESH INSTALLED OVER THE
BACK & INSTALLED DOWN TO 2° ABOVE TOP OF TIES.
_} 57— WEXIS# STEEL SETS INSTALLED ON ADWAMNCE, SPACING ON
= 8% B & CENTERS, 5 PIECE STEEL SET WITH A FLAT BAR BOTTOM,
TOP OF TES = ® - 5° FRICTION BOLT WITH PLATE.
View of Rlbs T

1=

RIE_SUPPORT
INSTALL WELDED “WIRE MESH DOWN TO 2° ABOVE TOP OF TIES. APPLY
3 OF SHOTCRETE TO THE ENTIRETY OF EXCAYATION




% Graham Creek Project
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m 6,000 feet of FWL drive west of the East Boulder Mine

m Accesses Graham Creek Ventilation raise, alimak raise to
surface, intake capacity

m Could to drilled proven reserve
m Crews then go to man the Blitz Project at the Stillwater Mine
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