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NYC Thlrd Water Tunnel

¢ SIX hundred fe‘ Iow the busy stregts-of
New York Clty‘,'- @otechnical englnee‘rs are
borlng 60-mile- ';ongfﬁmnel — the Iarg/est
tunnel in Ame_,lca

» New York City's:$ 55 |II|on«,'lf}w/d/Water
Tunnel | isone oﬁ.t _tlon"‘é Iargest and
most comp1ex pu C " orks prOJects ever
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History of the NYC Water

Supply System

 New York City grew from Southern Manhattan. By
1664 the population had reached about 1500. Private
water supply wells were supplemented by a public
well dug in 1677 near the old fort at Bowling Green.
Additional public wells were constructed, generally
at street intersections, in the time period prior to the
American Revolution. One of these, located at
Chatham Square, was called the ‘Tea Water’ pump
because of the reputed quality of its water. The
Collect Pond, located at the present site of the
Criminal Courts Building was also used for public
water supply.



« -Shortly'before the'Revolutionary War, the populatron
was approximately 22,000 and the first water works
construction commeneced. The reservoir was located
at Broadway.and White street. It was supplied from
the Collect-Pond and .a system wells through
wooden-pipes made from hollowed out.lags.

« By 1799 the Manhattan Company, later to become
Chase Manhattan Bank, was formed by Aaron Burr
and chartered to supply water to the growing city. It
delivered water to about 1,400 buildings.

« . The first large scale public water supply-was begun
in 1830 with an elevated 220,000.gallon tank at 13t
St. and Broadway. The tank was supplied from a
large bedrock well, 112 feet deep and 16 feet in
diameter with two horizental galleries 25 and 75 feet
long and 4 by 6 feet in section. This well yielded
21,000 gallons per day. The water was distributed
through 12inch castiron pipes:



As the population continued to increase, pollution of
wells and insufficient supply forced the City to look
beyond its borders for water. In 1832, DeWitt Clinton
recommended the Croton River in Westchester
County as a source of water. The Croton Aqueduct,
working by gravity feed, had a capacity of about
90,000,000 gallons of water per day. Distribution
reservoirs were located in Central Park and at 42"d
Street at the present site of the New York Public
Library central branch building. The Old Croton
System continued in service until 1907. New
reservoirs were constructed at Boyds Corner in 1873
and at Middle Branch in 1878 to supplement the
water supply.
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« The New Croton Aqueduct was constructed from 1885 ~ %
&% 10 1893 but was placed into service in 1890 while still L
fj} under construction. -

~w * The present water system was consolidated from
~.  those of Manhattan, The Bronx, Brooklyn, Queens and
/ Staten Island as they became part of the City.
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,fjf « Except for brief annual shutdowns for inspections ,;w
fj/ from 1842 to the Civil War period, there have not been = #
~ . any significant interruptions of the water service to S
% New York City. o
/ « The N. Y. State Legislature created the Board of Water /‘f

%% Supply in 1905. They proceeded to plan and construct >
f/} facilities to impound the waters of the Esopus Creek, =
one of four watersheds in the Catskills, and deliver the
%~ water to New York City. The Catskill System, which =
7~ Included the Ashokan Reservoir and the Catskill 2
~ = Aqueduct, was completed in 1915. The development of
2= theremainder of the Catskill System, involving the

2~ construction of the Schoharie Reservoir and the

% Shandaken Tunnel, was completed in 1928. X
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 In 1927 the Board of Water Supply submitted a plan

to the Board of Estimate and Apportionment for the
development of the upper portion of the Rondout
watershed and tributaries of the Delaware River
within the State of New York. This project was
approved in 1928. After along legal dispute with New
Jersey over the right to impound tributaries of the
Delaware River was won, construction of the
Delaware System was begun in March 1937. The
Delaware System was placed in service in stages:
The Delaware Aqueduct was completed in 1944,
Rondout Reservoir in 1950, Neversink Reservoir in
1954, Pepacton Reservoir in 1955 and Cannonsville
Reservoir in 1964.




‘

« Water for New York City is impounded in three
upstate reservoir systems which include 19
reservoirs and three controlled lakes with a total
storage capacity of approximately 580 billion
gallons. The three water collection systems were
designed and built with various interconnections to
Increase flexibility by permitting exchange of water
from one to another. This feature mitigates the effect |
of localized droughts and takes advantage of excess
water in any of the three watersheds. R

In comparison to other public water systems, the '
NYC Water System is both economical and flexible.
Approximately 95% of the total water supply is
delivered to the consumer by gravity. As a result,
operating costs are relatively insensitive to
fluctuations in the cost of energy. When drought
conditions exist, however, additional pumping is
required.




New York City's
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Water Tunnel No. 3

« NYC Water Tunnels No. 1 and 2 were put into
operation in 1917 and 1936, respectively.

« NYC Water Tunnel No. 3 will allow the two
older tunnels to be inspected and repaired
for the first time since they were activated. >
Thereby ensuring the reliability of the finest
water delivery system in the world well into

" the next century.
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Water Tunnel No. 3

* City Tunnel No. 3 is the largest capital
construction project in New York City's
history. Constructed by the New York
City Department of Environmental
Protection (DEP), the tunnel will
eventually span more than 60 miles and
IS expected to be complete in 2020.




The activated portion|of Tu . 3,
constructed in bedro¢k 25 feet
below the surface, rups 13 nd
begins at Hillview Reservoi nkers
It extends across Cerntral P bout
5th/Avenue and 78th btreet

strertches eastward under t

River and Roosevelt Island toria,

Queens. |



 The size and length of the tunnel, its
sophisticated control system, the placement
of its valves in special chambers, and the
depth of excavation, represent state-of-the-
art technology. While City Tunnel No. 3 will
not replace City Tunnels No. 1 and No. 2, it
will enhance and improve the adequacy and
dependability of the water supply system and
Improve service and pressure to outlying

areas of the city.
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Map Not to Scale

This map of the City indicates the general areas where water can be supplied by the Croton and Groundwater Systems
when they are on-line. It is possible to supply the entire City from the Catskill/Delaware System.
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’ UNNEL BORING MACHINE (TBM)

« Con'struction ()f Sté es 2,3and 4 is
greatly accelérat by a mecham@al

rock excavatioh {r hnology not uised

before in City # @els A tunnel -,,.'\
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ROCKS OUTSIDE
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blasting Manhattan Tunnel
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Extremely Biotite-Phlogopite Rich Schist,
Manhattan, N. Y.
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Coarse Grained ‘Clean’ Marble, Manhattan, N. Y.




Gametiferous Biotite-Muscovite Schist In
Contact With Quartzo+eldspathic Band




Garnetiferous Biotite Gneiss, Southern Manhattan, N. Y.




Typical Garnetiferous Mus covite-Biotite Schist of Manhattan



Calcitic Marble With Numerous Pyritiferous Zones




andaker (left) and Schleifer (right) of CUNY jointly inspected thousands of linear feet rock cores
ide the tunnel excavated by the TBM.
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Contact Between Pegm atite and Biotite-Hornblende Schist
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P.tﬁotomicrograph of highly fractiir

garnet in biotite schist, Manhattan, &=
New York. The field ofsview-is:4 mm.»
across. A E
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[ ] Quaternary alluvium

:I Pleistocene glacialfte race deposits
|___l Teniary sediments

:I Cretaceous sediments

Bl Triasssic/Jurassic volcanic rocks

- Triassic sediments (redbeds)

-La‘be Ordovician sedimentary rocks

Camb nanfLower Ordovician metasedimentary rocks

- Cambrian/Ordovician metamorphic rocks (lapetus Terrane)
- Paleozoic granilic intrusive igneous rocks

-Preca mbrian metamorphic recks (Av alon Terrane)

- Precambrian gneisses (Grenvillian)

- Dewvonian Catskill sedimentary rocks - Precambrian metasedimentary rocks (Grenvilian)

- Silurian sedimentary rocks

/ Major thrust faults
Ocean depths represent 20 fathom contour interval






Cross Sections of Eastern Northh America
(as it may have looked)

Continental Crest

SO0 milhion ars ago, volcano and pile of sediments
scraped the subducting siab are larger

440 milion years ago, collision between the volcanic
isiands and the anciernt continent (Taconic Or )
e. This range has since

formed a tall mountain rang
eroded leaving its roots exposed in the rolling hilis of

the Eastern Piedmont

-m Topund s USGSCVO 2007 Mostied Bom Masd aad Sctonch,
PIRE Dwicmire Eoadmont (ceckopy. e ioesen aoiopn-al Sy




Geology plays a key role in the
construction of the water tunnel.
Acqguisition of proper geological
Information is vital to any tunnel
construction in terms of resources,
time, and most importantly welfare
= of personnel involved in tunnel
. construction.




Manhattan portion of the City Water Tunnel
opened-up a plethora of geological treasure both
for academics and geotechnical personnel.

Geotechnical challenges included weathered
zones, caving, water seepage, and at times
greater anisotropic in terms of bedrock geology
and structural fabric.



TBM/drilling operation dependent on local
conditions and dally rate ranged from tens of
feet to 200 feet.

Presence of garnetiferous unit coupled with
guartzo-feldspathic bands and aplite often
slowed down TBM progress; however these
were not uniformly distributed throughout the
entire tunnel alignment.



Currently the Geology Discipline
has a contract with the URS
Corporation to investigate core
samples obtained from the
proposed route from Kensico
Reservoir to Hillview Reservoilr.
This will allow us to involve
geology majors and give them
hands-on training Iin

geotechnical techniques.
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Conference Presentations Involving Tunnel
Geology

Schleifer, S., Khandaker, N.I., Ahmed, M., Dozier, Charmel,
and Sayeed, B.A. 2007. MAHNATTAN GEOLOGY FROM

THE BOTTOM UP. Geological Society of America (GSA),
Annual Meetlng, Programs With Abstracts, Denver, CO
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Flores**, D.J., and Jo-Ramirez**, M. 2005. Tunnel Geology As
Seen By Geologists: Manhattan, New York City. Geological
Society of America (GSA), Annual Meeting, Programs With
Abstracts, Volume, 37, No. 7, p. 221, Salt Lake City, Utah
(October 16-19, 2005).

Khandaker, N.l., Schleifer, S., Slaughter, A.R., and Ahmed, M.,
2005. Control Of Macro-And-Micro-Scale Anisotropy Of
Encountered Rocks In Exploratory Boring Operations,
Manhattan, New York City. Association of Engineering
Geologists (AEG) News, Volume 48, p. 85. Program With
Abstracts, Annual Meeting, Las Vegas (September 20-24, 2005).

Schleifer, Stanley, Khandaker, Nazrul I., Ahmed, Masud,
elwyn, and Persaud**, Poonraj, 2004. On The
gin Of Magnetite In The Bedrock Of New York City:
ciety of America, Abstracts with Programs, V. 36
Annual Meeting, Denver (November 7 - 10, 2004).
**VYork College Geologv Students
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