
The picture can't be displayed.

Needle’s Eye 
Tunnel Repair 

Feasibility Study

Don W Deere, PE
Christoph Goss, PhD, PE



The picture can't be displayed.

Tunnel Stats
• 11,600 ft elevation on Rollins Pass
• 19.4 mi west of Rollinsville on 

CR117/USFS Rd149
• 150 feet long
• 19-22 feet wide
• 22-30 feet tall (24 ft typical)
• Rock dowel and wire mesh support
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Needle’s Eye Tunnel
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Needle’s Eye
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Tunnel History
• Part of Moffat Railroad “Hill Route”
• 1903-1905 Constructed 
• 1905-1928 In operation, replaced by 

Moffat Tunnel
• 1935 Abandoned 
• 1937-1955 Primitive Road 
• 1955-1979 Car road 
• 1979  Closed due to rock fall
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Repair History
• 1981 Amuedo & Ivey Engineering Study
• 1985 MSHA Study
• 1986 Centennial Engineering Design
• 1987 Rock dowel and steel mesh repair
• 1988 Tunnel Re-opens
• 1990 Rock fall with injury, tunnel closed
• 1992 Repair Alternatives Study by PB
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Engineering Reports
• Heuer 1990

o Spacing of bolts was too wide (main cause of rock fall)
o Ice wedging loosens rock
o Recommends additional bolting to achieve 1986 design spacing 

and consider adding shotcrete

• Parsons Brinkerhoff 1992
o Evaluation of 5 repair alternatives
o Very conservative risk analysis

• Dowels and mesh with 1 injury every 10 years
• Expensive Concrete lining with less than 1 injury every 100 

years
o Effectively stopped further consideration of repairs

• 2012 Deere & Ault Feasibility Study
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NE Portal View SW
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Shear at NE Portal

Shear
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New Rock Fall
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New Rock Fall Source 
and Failed Mesh

Shear
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Rock Dowels & Mesh in 
Crown
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Rock Dowels & Mesh on 
North Wall
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SW Portal View NE
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Observations
• Shallow cover

o Rock blocks are de-stressed and more prone to sliding
o Susceptible to freeze-thaw damage & ice wedging

• Geology
o Igneous metamorphosed migmatite/granite gneiss
o Fresh to moderately weathered
o Joint sets per Amuedo & Ivey

• Shear on north wall parallel to tunnel
o Amuedo & Ivey joint set #2
o Strikes northeast & dips sharply southwest
o Local hydrothermally altered shears
o Forms smooth north wall and controls shape of south wall



The picture can't be displayed.

Observations
• 2 significant rock falls
• 1990 rock fall at NE portal shows 

additional raveling
• New rock fall near middle of tunnel

o Two sources of rock, both in north wall shear
• Upper crown where mesh failed
• Wall below dowels and mesh

• Confirmed that tunnel is not stable with 
existing support
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Q Analysis
• Rock mass classification system 

developed from case histories
• Used to evaluate various rock 

parameters 
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RMR Analysis
• Rock Mass Rating
• Recommends rock bolts on 5 foot 

spacing with 2-4 inches of shotcrete
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Key Block Analysis
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Key Block Analysis
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Findings From Analysis
• Tunnel currently not safe for public 

access
• Rock falls likely in future
• Repairs required to re-open tunnel
• Two repair options evaluated
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Repair Option 1
Rock Bolts & Mesh with Minor Shotcrete
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Repair Option 1 Cost
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Repair Option 2
Shotcrete with Some Rock Bolts
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Repair Option 2 Cost
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Repair Summary
• Option 1: Rock Bolts & Mesh with Some 

Shotcrete
o Estimated construction cost $405,000
o More difficult to construct due to tight bolt spacing
o Regular maintenance required

• Option 2: Shotcrete with Some Rock Bolts
o Estimated construction cost $480,000
o Easier to construct
o Low maintenance
o More typical for public structures
o Will cover soot marks

• Engineering (either option)
o Design: $60,000
o Construction Engineering:  $70,000
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Boulder 
Canyon 
Tunnel
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Boulder 
Canyon 
Tunnel
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Laramie-Poudre Tunnel
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Standley Lake Tunnel
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Esti Hydrotunnel
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Conclusion
• The Needle’s Eye Tunnel can be safely 

repaired for public access using 
shotcrete and rock bolts.



The picture can't be displayed.


