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Richmond Water Supply Tunnel
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 Extension

Second Avenue Subway

East Side Access — Queens Side



NYC TBM Projects

Richmond Water Supply Tunnel

« 1964 - First TBM Job NYC [Perini-Morrison-Knudsen JU)
 Tunnel planned from Staten Isiand to Brooklyn

- German TBM - Failure After Only 400’

 Indurated Pegmatitic Schist Too Hard For TBM
 Cutters (Diamond Grinding Heads) and Bearings Failed
o Granite, Serpentinite, Schist = Hartland Formation

- Main Shaft in Tompkinsville, Staten Island




NYC TBM Projects

West Side Interceptor . ¢ Y

~Jul 1911 - I 1973 B g

- Second TBM Tunnel in NYC L\ﬂ 111§

« Jarva Mark 12-1200 sl e B e e

feet deaps A . L G v

- Two 9,000’ Tunnels e g

« $=11'/ N=8.5 Diameter .

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

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

- 488 Button Cutters in 8955 % oo 0

- Penetration=4.5/Hrin 11 U e

East River: 83 feet
deep below the

rooklyn Bridge
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NYC TBM Projects

63" Street Tunnels

- Feh 1980 - May 1980

o Twin Tunnels - 4 Tracks

* Robhins 203-205 TBM

 Diameters 20.17' /22

 Inmersed Tube First

- Lower Level for LIRR

 Fordham Gneiss and
Hartiand Formation

 Penetration =4.31/Hr




NYC TBM Projects

Brooklyn Water Tunnel

* July1994 - Jan 1991

 Open Beam TBM from
631 Street Tunnel Joh

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

+ 0c11996 - Oct 1999 -
- Open Beam HP TBM RN
+19” Cutters; 4.76 Mi o
» Garnet Zones (10%) v
» Dike Swarm 190
« NNE Fault System
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- Intersecting Faults  Zsisszac:
- Subhorizontal Fabrics == =»
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« OTC = Fordham Gneiss ::
- Penetration =5.82’/Hr
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Avg. TBM Penetration Rate (ft/hr)

10.0 -

8.0 1

6.0 -

4.0 1

2.0

9.47 ft/hr

5.82 ft/hr

0.0

Anticipated Actual




Unexpected High Garnet Gontent

* Boring logs cite the term
garnetiferous throughout. To
most geologists, “garnetiferous”
rocks contain a few % garnet

o Thirty two Queens Tunnel Garnet
Zones mapped. They underlie
2,663’ or 10.64% of as-huilt tunnel

- The Queens Tunnel rocks contain
up to 90% garnet

 Queens Tunnel Garnet Zones
would he called “ore deposits” in
many parts of the world

- Results in abrasivity to cutters
and production of excessive fines
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* As-Built Mapping Program
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Queens Tunnel Manmng Program 1998 2000,..,
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In Western and Gentral
Manhattan:
Amphibolite Facies Schists
Well-layered Hartland Fm.
Penetrative Foliated Textures
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Richmond Water Supply Tunnel
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 Extension

Second Avenue Subway

East Side Access — Queens Side
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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
 Unusual Water Inflows



TBM Chip Production
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Rohhins 235-282 HP Main Beam TBM
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Pattern




| Foliation Planes Parallel

I '7 Spacmg
Case A

! I Penetratlon
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Foliation Planes

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



Ilzoliation Planes Orthogonal

| Spacing

I Penetration

Wbl

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







The History Channel: Super City — New York
22 September 2008




Hollywood Fat Gat Merguerian and Director of Operations Genevieve Glasson
at Geology “Hammy” Awards Presentation (2008)
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Let’s Go Back
In Time From
Today to the
GCambrian!
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EARLY MeDIAL ORDOVICIAN

/ (€arly Chazyan)

PALEOGEOGRAPHY
by Marshall Kay

Drawn [zy Erwin Raisz_
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- Seas with /imy and sandy

= bottoms on miogeosynclines

~ — - Seas with bottorns j_ argil[-
— " aceous muds and volcanic
rocks on etgeo§ync[ines




Future Site
of New York City
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~ 480 Ma Taconian Arc — Passive Margin Collision
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430 Ma to 250 Ma
Protracted Plate Gollisions
Produce the Appalachians




0-€h)
Hartland Formation and
Manhattan Schist
(upper unit)

Manhattan Schist
(middle unit)

E

Manhattan Schist
(lower unit)

Inwood Marble

Fordham Gneiss &

Yonkers Gmiu‘
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Future Site
of New York City
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Manhattan Schist

F, Folds of S,
Central Park, NYC
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Geology

HERRENKNECHT TBM
ADVERTISEMENT

_Rock Does Not

Geology

Equal Rock

At Herrenknecht, maximum tunnelling performance and the

greatest possible safety are the ultimate goals for the

development of tunnelling machines. Expert analysis of the

geological conditions result in a “tailored hard rock machine”.

Whether it is solid rock, abrasive rock or rock
under high pressure, weathered transition
20nes with high ground water pressure or ca-
verns, the variety of the geological conditions
in a planned tunnel route is virtually unlimi-

ted. At Herrenknecht, the geological analysis

All Experts On One Team

The excavation process in hard rock takes
place in the peak state of the shear and com-
pression resistance as well as tensile strengths
of the rock. At the same time, the best possi-

ble tunnelling performance has to be achieved,

of the ground conditions is always taken into
consideration in the machine design. Cutters
and cutterhead are ideally adapted to the va-
tying degrees of hardness and abrasion in se-

dimentary, metamorphic of igneous rock

At Herrenknecht, a team of internal specialists
from the disciplines of rock mechanics, me-
chanical engineering and process technology
find the optimum project solution for develo-

ping the machine design.

Mechanical rock excovation is con-
fronted by rock with vorying degrees
of hordness, e.9. with extremely hard
gneiss (top left] and gronite (top right),
medium hard mica schist (center left),
breccia (center right) and claystone
(bottom left] os wc:ﬂ as limestone
(bottom right).

The formation of each mountain range
is unigue. Lotschberg in Switzerland con-
sists of o wide variety of rock formations
along the tunnel route, Herrenknecht
supplied two single gripper machines

(0 9.43 m), which enable mechanicol
rock stabilization as close as 4.2 m
behind the cutterheod.
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4 HERRENKNECHT Mard Rock Machines

Feb. 2001

| HERRENKNECHT Hard Bock Machines Feb 2001 5
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Depth to Basement

after Suter et al, 1949




STATE OF dewW YORK
COMBSRVATION DEPARTMENT
WATER POWER & CONTROL

GIOLOGICAL FORMATIONS OF LONG ISLAND

ROCK SURFACE

WIESTIRN SICTION
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Rock - Paper - Scissors e

Glacier Govers NYG




Long Island’s Moraines

: -

after Bennington, 2003




Great South
Bay

after Bennington, 2003




A S
SN 9 =]
\ - .fv f_ P - 2
N ? - ~NL -m
\ w1 N A e < “
e ™~ S\ SON L
\ /l,l_, TR n
N - ~ t
- L
N Qw S RA Sy M
'A‘ >
S . & . (]
ALY [ —
S n
b n"
\ . ea
e » ™
. .ul”a e
\ ,‘// » “
. N g (-]
- "\ N K ~.: “ - ~ N
\ - /44 3% -V N,
% A . ™
- 5\ a -
N ~
™~ _
- o -
\ ) }M N - LN
A\ " \ -
ﬂ v A e, Q \
" - \az/‘ 5 h \ ~ / ! /
/,h /o L A T\ N ~
N ,// N . \
A \
S -
._,f' . \ -
s\ ,r,m.’) L=
=~ N
" & - M.
. v

Truncation of Ronkonkoma hy Harbor Hill Moraine

A L O
3
AT ? N
”..l.ﬂ \ \ ,",
o : A l/
.\ o R
w7 /- ./ ) ’w 3
- e VAN X
/ J’ /r//Jr : ;I.lp '
ge P R )
a ‘\r:fJ - : - ‘\l
— 4 ) - - -
CEI G o 1
m o a8 QT
- ~
\ N\
= F AN
)
8 &



GLACGIAL

~

RARITAN

%)
@
w
=
(o]
o<
<<
(T}
f‘

LONG. 73°=55' W




A Tale of Two Tilis
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Anthracite and Green Pond Conglomerate Indicator Stones
Friedman and Sanders (1994)
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Age Till Ice-flow Description; remarks
No. Direction
Late Wisconsinan I NNE to SSW Gray-brown till in Westchester Co., Staten Is., Brooklyn, & Queens
(“Woodfordian”?) (but not present on rest of Long Island); Hamden Till in CT with
terminal moraine lying along the S coast of CT; gray lake sediments
at Croton Point Park, Westchester Co.

Mid-Wisconsinan (?) Paleosol on Till IT, SW Staten Island.
Early II NWtoSE Harbor Hill Terminal Moraine and associated outwash (Bellmore Fm.
Wisconsinan(?) in Jones Beach subsurface); Lake Chamberlain Till in southern CT.
Sangamonian(?) Wantagh Fm. (in Jones Beach subsurface).
INA NWto SE Ronkonkoma Terminal Moraine and associated outwash (Merrick Fm.
in Jones Beach subsurface).
Illinoian(?) B Manhasset Fm. of Fuller (with middle Montauk Till Member; in lower member,
coarse delta foresets (including debris flows) deposited in Proglacial Lake Long
mcC Island dammed in on S by pre-Ronkonkoma terminal moraine.
Yarmouthian Jacob Sand, Gardiners Clay.

Gray till with decayed stones at Teller's Point (Croton Point Park, Westchester Co.);

Kansan(?) IV NNE to SSW gray till with green metavolcanic stones, Target Rock, LL
Aftonian(?) No deposits; deep chemical decay of Till V.
Nebraskan (?) V NWtoSE Reddish-brown decayed-stone till and -outwash at AKR Co., Staten Island, and

at Garvies Point, Long Island; Jameco Gravel fills subsurface valley in SW Queens.

Pre-glacial (?) Mannetto Gravel fills subsurface valleys.

Sanders and Merguerian, 1998
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Chemical and Physical Weathering

Bedrock vs. Transported Regolith

Resuits Over Time in Pedalfer Soil

Soil Horizons:

0 = Thin Organic Layer

A = Mixed Organics and Mlnerals

E =Zone of Leaching

B =Zone of Accumulation |

C =Decomposed Bedrock/
Regolith e




Organic matter

Organic matter mixed
with mineral material

Leaching by downward- —

percolating water

Accumulation of clay
minerals, Fe oxides,
and calcite

Fragments mechanically — o e et i
weathered from bedrock i

and some partially
decomposed

Bedrock







Full Service Geotechnical
Tunneling Analysis
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Download NYC Geology Puhlications @
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Richmond Agueduct Tunnel
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Glacial Lake
Strata
and the
Harhor Hill
Moraine

Woodfordian
Drainage
Through

The Narrows

Berkey (1933)
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Plunge Pool Ahove Narrows
Breach Cuts Down to Bedrock
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Full Service Geotechnical
Tunneling Analysis
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Download NYC Geology Puhlications @
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