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~ 450 Ma Taconian Arc ð Passive Margin Collision

Modern Analogue



after Merguerian, 1983



NYC TBM Projects (1971-2013)

West Side Interceptor

63rd Street Tunnel

Brooklyn Water Tunnel

Queens Water Tunnel

Con Edison Steam Tunnel

Manhattan Water Tunnel

East Side Access Project

Croton Water Tunnel/Plant

No. 7 Line IRT Extension

Second Avenue Subway



Tunneling Methods



NYC TBM Projects

Queens Water Tunnel
Å Open Beam HP TBM

Å Oct 1996 - Oct 1999

Å 19ó Cutters; 4.76 Mi

Å Garnet Zones (10%)

Å Dike Swarm

Å NNE Fault System

Å Intersecting Faults

Å Subhorizontal Fabrics

Å QTC = Fordham Gneiss

Å Penetration = 5.82õ/Hr



CT3, Stages 1 and 2



Shaft 19B ð  Built by Grow Tunneling in 1993

QT Shaft 19B ð Finished Diameter (30õ); Depth (670õ) 



Bottom of the Shaft



Loading Bellout for Blasting



Poured Starter Tunnel



Robbins 235-282 HP Hard Rock Main Beam TBM

Chesterfield, England - 1996



Flipping TBM Cutterhead



Lowering TBM Cutterhead



Lowering TBM Mainbeam



Shaft 19B Headframe and Alimak



Walking TBM Mainbeam



Offloading Vent Pipe



Merguerianõs Queens

Tunnel Field Office



TBM Chip Production



MetroWest



In the Belly of the Beast



Desirable Kerf

Pattern in Hard Rocks



Foliation Planes Parallel

Spacing

Penetration

Foliation Planes

Case A

Chipping mechanism when TBM advancing
perpendicular to foliation (Case A)



Foliation Planes Orthogonal

Case B

Spacing

Penetration

Foliation Planes

Chipping mechanism when TBM advancing 
parallel to foliation (Case B)



Normal TBM Chips



Before

After



TBM-Bored Tunnel



Ready to Pour Shaft 18B



Shaft 18B Forms



Finished Pressure Tunnel



Spacing/Revolution Rates



Queens Tunnel TBM

422 HP Electric

Water Cooled,

Three Phase Motors

10 Motors Total

Usually 8 Online

Rotated Cutterhead

at 8.3 Rev/Min



New Research

TBM Cutter Head

Torque Dynamics


