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- Fracture Density — ROD/Recovery
« Faults/Joints

* Mineralogy

- Hardness/Density

* Rock Type

- Texture/Metamorphic Grade

- Fabric Orientation/Development

 Convergent Fault Zones
 Unusual Rock Types/Structures
- Stress Popping/Heave

 Water Inflows



Rohhins 235-282 HP Main Beam TBM
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TBM Chip Production
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| Foliation Planes Parallel
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Foliation Planes

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



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







Queens Tunnel TBM
422 HP Electric
Water Cooled,
Three Phase Motors

10 Motors Total
Usually 8 Online

Rotated Cutterhead
at 8.3 Reu/Min
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What Are the Geological Gauses of
intrinsic and Episodic Hard Rock TBIM
Effects in Crystalline Terrains?

Excessive Fines
Blocky Ground
Unstahle Headings and Sidewalls
stress Popping
Water Inflows
Cutter Damage/ GCutter Wear

= Poor Penetration/Utilization
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Unforseen
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NYC TBM Projects (1971-2010)

West Side Interceptor

631 Street Tunnel
Brooklyn Water Tunnel
Queens Water Tunnel

Con Edison Steam Tunnel
Manhattan Water Tunnel
East Side Access Project
Croton Water Tunnel/Plant
No.7Line IRT

Second Avenue Subway




NYC TBM Projects

West Side Interceptor

 First TBM Tunnel in NYC

* Two 9,000 Tunnels

- $=11' / N=8.5' Diameter L R TE T G

~Jul 1911 - Ul 1973

e Jarva Mark 12-1200 . 3 -

 Llast 1,100’ D&B Mined in
Inwood Marhle

» Hartland Formation (S) and ,
Manhattan Schist [N)

- 488 Button Cutters in8955" ~ "m0
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NYC TBM Projects

63" Street Tunnels

 Twin Tunnels - 4 Tracks

* Robhins 203-205 TBM

 Diameters 20.17/22

- Feh 1980 - May 1980

 Inmersed Tube First

- Lower Level for LIRR

 Fordham Gneiss and
Hartiand Formation

 Penetration =4.31/Hr




NYC TBM Projects

Brooklyn Water Tunnel

 Open Beam TBM from
631 Street Tunnel Joh

* July 1994 - Jan 19917

19’ Diameter; 5.5 Mi

- Variable Penetration
Through ZonesA,B,C

* Fordham Gneiss and
Walloomsac Schist

* Penetration = ~10’/Hour
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CITY TUNNEL NO.3, STAGE 2
LOCALITY MAP - CONTRACT 5438
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NYC TBM Projects

Queens Water Tunnel

« Open Beam HP TBM —
* 0ct 1996 - Oct 1999 RN
«19” Cutters; 4.76 Mi o
« Garnet Zones (10%) ),
» Dike Swarm 190
« NNE Fault System
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- Penetration =5.82’/Hr
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NYC TBM Projects

Gon Edison Steam Tunnel
*12.9' Open Beam HP 215-237 TBM

- 17" Cutters: Length 0.76 Mi

*0ct 2002 - Feh 2003
- Hartland Formation

- Penetration =~9'/Hr
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NYC TBM Projects

Manhattan Water Tunnel

* Retrofitted Con Ed Steam TBM
- Separate Drives (N, S, E-W)
 length 9.04 Mi

* Diam 12.9'; 17" Cutters

* Hartland Formation

d®EE To be Excavated
@ Shafts




NYC TBM Projects

East Side Access Project
* Diam = 22’; 1.1 Mi; 19” Gutters -

o Seli Double Shield (7/Hn
Rohhbins Open Beam (10°/Hn

- Penetration Max = 19'/Hr

Metro-North
Railroad

Grand
Central
Terminal

MANHATTAN

fipny i(\‘
Y
Mid-Day Storage Yard 7

BROOKLYN










NYC TBM Projects

Croton Water Tunnel/Plant

e Retro-fit Manhattan TBM

17" Gutters (271 Total)

 Low 3,650; Hi 3,150"; Raw 86%’

 Diam =13.9’; Length 1.29 Mi

* Bid as D&B; ~250 Mining
Days Saved w/ TBM

* Fordham, Yonkers Gneiss

 Penetration =~10'/Hr

Jerome Park
Reservoir
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Croton Water Treatment Plant, Bronx New York - North Wall Raw Water Tunnel, Stations 4+50 to 6+65
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NYC TBM Projects

No. 7Line IRT Extension

* Double Shielded TBMs

341 Street Cavern - DB

 Diam=22.5’; Length 1.78 Mi

* Hartland Formation

4700 One Year (~16'/Day)
with Installed Segments







NYC TBM Projects
Second Avenue Subway
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1929 —NYC BOT Pronoses
second Avenue Subway
1931-Plans Postponed
Depression Era

By 1948 - Abandonment




Threading The Needle

May 2010




SKANSKA

Project Phases

To be constructed
in 4 Phases
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SKANSKA
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* Published Maps and Reports
- Boring Analysis 7'
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- Fracture Density — ROD/Recovery
« Faults/Joints

* Mineralogy

- Hardness/Density

* Rock Type

- Texture/Metamorphic Grade

- Fabric Orientation/Development

 Convergent Fault Zones
 Unusual Rock Types/Structures
- Stress Popping/Heave

 Water Inflows
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Download NYC Geology Puhlications @
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