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Hydrologic  Cycle



Lon Gisland



SE Slope



Suter et al, 1949

Aquifers



Long Island Outwash Fans

after Merguerian and Sanders 1993



Long Island’s Moraines

after Bennington, 2003



NYC Aqueduct



Dutch Settlers, South Manhattan

Population by 1664 Had Reached 1,500 People

Early Staten

Island Ferry



McCoun 1609



New York 1695

First Public Well

Constructed 1667

at the Old Fort,

Bowling Greene



after Baskerville 1982

Collect Pond

Till 1800

Population up

to 22,000 by

1776

Christopher

Colles Built

Hollow Log

Supply

System
1776



By 1800 with the Population at 60,000

the Collect Pond had Collected Pollutants

In early 1800s Aaron Burr Founded the

Manhattan Company and Sunk a Deep Well

at Reade and Center Streets,

SW of Collect Pond

Utilizing 20 Miles of Wooden

Pipe, over 1,400 Home

Subscribers Were Supplied

with 700,000 gpd



Viele, 1865

By 1830, First Public Water Supply System Starts with

220,000 Gallon Tank Erected at Broadway and 13th Street

112’ Deep Well (98’ in Hard Rock)

Canal St.

Chatham Sq.



1832 – De Witt Clinton Recommends Use of Croton River

to Supply 20,000,000 gpd Using a Gravity Feed System

1837-1842 Old Croton Reservoir Constructed and by 1881

Supplied 95,000,000 gpd

Old Croton 4x Brick-lined

Tunnels Used Until 1907

Crosses Harlem River

at High Bridge

Fed Central Park and

Bryant Park Reservoirs

In NYC



LWT  (NCA) – Jan 2009

Yf



The 1898  Consolidation of New York City Meant That

3.5 Million People Needed Water, Practically Overnight



NYC Aqueduct System

Construction of

130 Miles of Tunnels

Began in 1907

City Tunnel #1

Completed 1917

City Tunnel #2

Completed 1936

City Tunnel #3

Completed 20??



The Catskill System, which involved the use of 

67 shafts varying in depth from 174 to 1,187 feet 

includes:

•Three masonry dams

•Several miles of earthen dikes

•Over 163 miles of aqueduct consisting of:

 55 miles of cut and cover aqueduct

 28.5 miles of grade tunnel

 35 miles of pressure tunnel

  39 miles of pipe conduit and,

              6 miles of steel pipe siphons

 



Catskill Aqueduct

after Berkey, 1933



Hillview

Kensico

NYC Aqueduct System



Construction of Kensico Dam, NYC Aqueduct





Catskill Aqueduct (0-50 Miles)

after Berkey, 1933



Catskill Aqueduct Rondout Pressure Tunnel

after Berkey, 1933



Ashokan Reservoir



Bluestone Quarry

NW of Kingston



City Tunnel #3, Stage 1 – Drill and Blast Technology



Garrison South Portal, NYC Aqueduct System



Cut and Cover Tunnel, Catskill Aqueduct



Cut and Cover Tunnel Section (1906)



Cut and Cover Tunnel, Catskill Aqueduct



Rondout Pressure Tunnel Downtake Chamber

Contract 12

19 July  1911



Invert Pour, Delaware Aqueduct, Kensico Hill View Tunnel



Rondout - West Branch Tunnel



Pressure Tunnel Construction, NYC Aqueduct System



Completed Concreted Pressure Tunnel



150 Ma











Hudson River Pressure Tunnel



Hudson River Gorge from Bear Mtn., NY





Exploratory Drilling for Hudson Siphon, NYC Aqueduct



Hudson Siphon [-1,114’] 

after Berkey, 1911

NYC Aqueduct



Catskill Aqueduct (45-95 Miles)

after Berkey, 1933



Catskill Aqueduct (85-130 Miles)

after Berkey, 1933



Finally, He’s 

Going to Talk 

About the 

NYC Tunnels



City Tunnel #3 Stage 1



Van Cortlandt Chamber



Gravity Feed

System



Municipal

Subsurface

Structure



City Tunnel #3

Stages 1 and 2





Excavation Methods



Dukelabs TBM Research



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



Robbins 235-282 HP



Kerf Pattern in Hard Rock



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 on

TBM Cutter Head

Torque Dynamics



Six-Month

Training Period

Beset by

Aimless, Unfocused,

Lackluster

Performance



Drilling Bellout for Blasting



Flipping TBM Cutterhead



Lowering TBM Cutterhead



Lowering TBM Mainbeam



Poured Starter Tunnel



Gripper Cylinder



In the Belly of the Beast



Operator’s Cabin



TBM-Bored Tunnel



Tunneling Difficulties



Rainy Conditions

Station 140+60



Station 152+90

Faults - Disturbed Ground Zone 59



Excessive Fines



Blocky Ground



Unforseen

Tunneling

 Problems



Can Geologic Studies Help

Explain Excavation Anomalies?



Merguerian’s Field Office

and Assistant



Entire Tunnel Mapped at Scale 1 in. = 10 ft.  (250 Map Sheets)

Queens Tunnel Mapping Program:  1998-2000





• Scale of Mapping: 1 in. = 10 ft

Abundant Orthogneiss and Xenoliths





Folded Garnet-Plagioclase Segregations in Mafic 

Gneiss



Increased Density and Abrasivity of Rock Mass



Early High-Pressure Granulite-Facies Metamorphism



cpx

opx

cpx

cpx

gt

gt
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Stage 2, City Tunnel 3

Yikes!

Dikes



Dike 1







Dike 5





Collapsing Crown and Sidewalls

Loose Rhyodacite 
Blocks



Major Lithologic Contrasts

295 Ma

1100 Ma



Lava Flows in Woodside, Queens?



OK, That’s It!  I’ve Heard Enough!

H. Manne



Duke Geological Lab
--------------------------------------------------------------------------------------------------

Full Service Geotechnical

Analysis

www.dukelabs.com

Stone Ridge, NY

Genevieve Mickey

Charles

http://www.dukelabs.com/


Thanks For Attending

Questions Please ??Biting?

There’s No 

Biting in the 

Hamster 

Industry!

Visit www.dukelabs.com for recent NYC geology articles
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