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Richmond Water Supply Tunnel
West Side Interceptor

63 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 AccessQueens Side



NYC TBM Projects

Richmond Water Supply Tunnel

A1964- First TBM Job NYC (Pdavorrison-Knudsen JV)
ATunnel planned from Staten Island to Brooklyn
AGermanTBMFai | ure After Only
Alndurated Pegmatitic Schist Too Hard For TBM
ACutters (Diamond Grinding Heads) and Bearings Faile
AGranite, Serpentinite, Schist = Hartland Formation
AMain Shaft in Tompkinsville, Staten Island




NYC TBM Projects ¢
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East Rrver: 83 feet
deepbelow the

Brooklyn Bridge

West Side Interceptor
A~Jul 1974Jul 1973
ASecond TBM Tunnel in Nes7d"
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AHartland Formation (S) a
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AM88 Button |
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NYC TBM Projec:.

63'd Street Tunnels
AFeb 1980May 1980 4 .+
ATwin Tunnels4 Tracks |/
ARobbins 20205 TBM
ADi amet er s
Almmersed Tube First
AlLower Level for LIRR
AFordham Gneiss and
Hartland Formation
APenetratio
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Brooklyn Water Tunne;@j ,
Aduly 1994 Jan 1997
AOpen Beam TBM from %

63 Street Tunnel Job L:{
AL96 Di ame't e;.;/
AVariable Penetration =%
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Through Zones A, B, ¢ _fiam
AFordham Gneiss and Ll
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Walloomsac Schist
APenetrat.i

CITY TUNNEL NO.3, STAGE 2
LOCALITY MAP - CONTRACT 5438
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NYC TBM Projects

Queens Water Tunnel
AOct 1996 Oct 1999
AOpen Beam HP TB
AL96 Cutt e A
ARGarnet Zones (10%) | ";'.' AR
ADike Swarm '.!gﬁé"ﬁn N Y
ANNE Fault System == == :
Alntersecting Faults
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Construction of the Queens Tunnel
NYC Water Tunnel #3
Oct 199® Oct

pa—




Avg. TBM Penetration Rate (ft/hr)
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Anticipated vs. Actual
Penetration Rate

9.47 ft/hr

Anticipated

5.82 ft/hr

Actual




Unexpected ngh Garnet Content
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ABoring logs cite the term

garnetiferous throughout. To
most geol ogi st
rocks contain a few % garnet

AThirty two Queens Tunnel Garn_
Zones mapped. They underlie =3
2, 6630 o r-bult@nnél4f

AThe Queens Tunnel rocks conté
up to 50% garnet

AQueens Tunnel Garnet Zones
woul d be call ed
many parts of the world

AResults in abrasivity to cutters - %"-'f;";.;'_'
and production of excessive flne< 2
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Queens Tunnel Mapplng Program 19980
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A Scale 1 in. = 10 ft
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In Western and Central
Manhattan:
Amphibolite Facies Schists
Well-layered Hartland Fm.
Penetrative Foliated Texture



Granulite Facies Gnelsses
Found in the Queens Tunn
and Elsewhere =
Granoblastic Textures
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Richmond Water Supply Tunnel
West Side Interceptor

63 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 AccessQueens Side



Factors: TBM Penetration Destiny

Intrinsic Factors (Penetration Rate)
AUCS

AFracture Densit$ RQD/Recovery
AFaults/Joints

AMineralogy

AHardness/Density

ARock Type

ATexture/Metamorphic Grade

AFabric Orientation/Development

Episodic Factors (Utilization)
AConvergent Fault Zones

AUnusual Rock Types/Structures
AStress Popping/Heave

AUnusual Water Inflows



