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City Tunnel #3

Stages 1 and 2



City Tunnel 3, Stage 2



QT - CT3 Stage 2 Scope of Work

ÅTBM excavation of ~25,000 linear feet of 

hard rock tunnel to 23ô 2ò diameter at 

depths of ~750ô



Robbins 235-282 HP TBM



Metro West



Belly of the Beast



Spacing/Revolution Rates



Queens Tunnel TBM

422 HP Electric

Water Cooled,

Three Phase Motors

10 Motors Total

Usually 8 Online

Rotated Cutterhead

at 8.3 Rev/Min



TBM Chip Production



Foliation Planes Perpendicular

Spacing

Penetration

Foliation Planes

Case A

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



Foliation Planes Parallel

Case B

Spacing

Penetration

Foliation Planes

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



Superb Kerf Pattern

in Hard Rock



New Dukelabs 

Research on

TBM Cutter Head

Torque Dynamics



Six-Month

Training Period

Beset by

Aimless, Lackluster

Performance



Excessive Fines



Blocky Ground



Damage to Horizontal Conveyor 



Worn and Damaged Cutters 



Collapsing Crown and Sidewalls

Station 153+30
Short Stand-up Times



Additional Rock Support



High Water Inflows

Station 140+60



Unforseen
Tunneling
 Problems



Anticipated vs. Actual Penetration Rate

5.82 ft/hr

9.47 ft/hr

0.0

2.0

4.0

6.0

8.0

10.0

Anticipated Actual

A
v
g

. 
T

B
M

 P
e

n
e

tr
a

ti
o

n
 R

a
te

 (
ft

/h
r)



$228 M

$136 M

$0

$50

$100

$150

$200

$250

Budgeted Cost Actual Job Cost

C
o

st
 w

it
h

o
u

t 
O

v
e

rh
e

a
d

 (
m

ill
io

n
s)

$92 M Over 
Budget

Anticipated vs. Actual Cost



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

Full Service Geotechnical

and Tunneling Analysis

www.dukelabs.com

Mickey Charles

H. Manne



Dukelabsõ CT3 

Tunnel Field Office

Office Help



Queens Tunnel Mapping Program:  1998-2000

ÅScale of Mapping: 1 inch = 10 feet



Mafic Gneiss Xenoliths in Tonalitic Gneiss



Petrographic Analysis (92 Samples)

¸ Texture

¸ Mineralogy

¸ Internal Structure

¸ Metamorphism

Number LocationColorDensityQtz Kspar Plagio/ An Opx Cpx Hbld Bio Garnet Opaque

Q109 004+80 M 35 M M

Q109 004+80 25 2.72M M 35 m m m

Q110 006+42 10 2.66M tr+AP M m gnbk tr tr

Q111 009+25 25 2.79M M m tr m M py  encl Q tr

Q112 011+60 35 3.05m M 51 M  exsol m gnkh M py

Q114 015+90 45 3.03m M 53-39normM someExsolM Exsol mgnkh m necklace tr

Q115 017+70 10 2.71M tr AP M m bugn sieve m rbn m porange tr

Q117a 022+25 15 2.72M tr m 27 m dgygn m rbn m porange sievetr

Q119 026+65 45 2.93m 10-15m M 27 M khgn tr rdbn m m

Q123 032+15 60 3.11m m 44 m m gnHB m rbn M sieve tr

Q127 042+67 60 3.09m M tr M M gnkh m red M m

Q129 049+95 25 2.71M M M low M kh M

Q130 051+83 15 2.76 40 tr M m obn M.vermic/sieve rimstr

Q133 059+95 55 3.26m M 38-29 M Mkhtan m M m

Q134 062+45 60 3.17m M 28-40RevZoningM M bugn some vermic w i QtzM fine sieve/vermic10  vermic ??after px

068+10 068+10 5:50 M M 55 m M m  gn m vermic with plagm

070+60 070+60 45 M M 45+ ? core? m.  Gn m M m

Q141 071+80 30 2.9 5 M sieve M sieve tr gn M okh M sieve 2

Typical Petrographic Data Sheet

Thin section photomicrograph



High-Pressure Granulite Facies

Opx+Cpx+Primary Gt

15+90 - Q114  Opx+Cpx Granulite PL


