
Geology and Soils of Brooklyn, NY

Prof. Charles Merguerian
Hofstra University and Dukelabs, NY

Dirt Talk 2012

21 February 2012



History of TBM Tunneling in NYC

1964-2012



NYC TBM Projects (1964-2012)
Richmond Water Supply Tunnel

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

East Side Access ð Queens Side



NYC TBM Projects

Richmond Water Supply Tunnel
Å 1964 - First TBM Job NYC (Perini-Morrison-Knudsen JV)

Å Tunnel planned from Staten Island to Brooklyn

Å German TBM - Failure After Only 400õ

Å Indurated Pegmatitic Schist Too Hard For TBM

Å Cutters (Diamond Grinding Heads) and Bearings Failed

Å Granite, Serpentinite, Schist = Hartland Formation

Å Main Shaft in Tompkinsville, Staten Island



NYC TBM Projects

West Side Interceptor
Å ~Jul 1971 - Jul 1973

Å Second TBM Tunnel in NYC

Å Jarva Mark 12-1200

Å Two 9,000õ Tunnels

Å S=11õ / N=8.5õ Diameter

Å Last 1,100õ D&B Mined in

        Inwood  Marble

Å Hartland Formation (S) and

        Manhattan Schist (N)

Å 488 Button Cutters in 8955õ

Å Penetration = 4.5õ/Hr in 11õ



NYC TBM Projects

63rd Street Tunnels
Å Feb 1980 - May 1980

Å Twin Tunnels - 4 Tracks

Å Robbins 203-205 TBM

Å Diameters 20.17õ/22õ 

Å Immersed Tube First

Å Lower Level for LIRR

Å Fordham Gneiss and

   Hartland Formation

Å Penetration = 4.31õ/Hr

May 1980



NYC TBM Projects

Brooklyn Water Tunnel
Å July 1994 ð Jan 1997 

Å Open Beam TBM from

      63rd Street Tunnel Job

Å 19õ Diameter; 5.5 Mi

Å Variable Penetration

       Through Zones A, B, C

Å Fordham Gneiss and 

      Walloomsac Schist

Å Penetration = ~10õ/Hour



Queens Tunnel
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Brooklyn Tunnel ð  Sta. 128+30

Major Serpentinite Zone



Queens Tunnel

Brooklyn Tunnel
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NYC TBM Projects

Queens Water Tunnel
Å Oct 1996 - Oct 1999

Å Open Beam HP TBM

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



Construction of the Queens Tunnel

NYC Water Tunnel #3

Oct 1996 ð Oct 1999



Anticipated vs. Actual 

Penetration Rate

5.82 ft/hr

9.47 ft/hr
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Unexpected High Garnet Content

Å Boring logs cite the term 
garnetiferous throughout.  To 
most geologists, ògarnetiferousó 
rocks contain a few % garnet

Å Thirty two Queens Tunnel Garnet 
Zones mapped.  They underlie 
2,663õ or 10.64% of as-built tunnel

Å The Queens Tunnel rocks contain 
up to 50% garnet

Å Queens Tunnel Garnet Zones 
would be called òore depositsó in 
many parts of the world

Å Results in abrasivity to cutters 
and production of excessive fines



Merguerianõs Queens

Tunnel Field Office

Å As-Built Mapping Program



ÅScale 1 in. = 10 ft

Queens Tunnel Mapping Program:  1998-2000
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Early High-Pressure Granulite-Facies Metamorphism



In Western and Central

Manhattan:

Amphibolite Facies Schists

Well-layered Hartland Fm. 

Penetrative Foliated Textures

Great Rocks for Tunneling

and Excavation!



Granulite Facies Gneisses

Found in the Queens Tunnel

and Elsewhere =

Granoblastic Textures

Tough Rocks for Excavation



Stage 2, City Tunnel 3

Dikes



Dike 1Dike 1







Tunneling Difficulties



Major Lithologic Contrast



NYC TBM Projects (1964-2012)
Richmond Water Supply Tunnel

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

East Side Access ð Queens Side



Factors:  TBM Penetration Destiny

Intrinsic Factors (Penetration Rate)
Å UCS

Å Fracture Density ð RQD/Recovery

Å Faults/Joints

Å Mineralogy

Å Hardness/Density

Å Rock Type

Å Texture/Metamorphic Grade

Å Fabric Orientation/Development 

Episodic Factors (Utilization)
Å Convergent Fault Zones

Å Unusual Rock Types/Structures

Å Stress Popping/Heave

Å Unusual Water Inflows


