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T - T3 Stage 2 Scone of Work
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422 HP Electric
Water Cooled,
Three Phase Motors

Usually 8 Online
Rotated Cutterhead
at 8.3 Reu/Min




TBM Chip Production
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Foliation Planes

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

Foliation Planes
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Damage to Horizontal Gonveyor







Short Stand-up Times o .. . , 53+30 .
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Anticipated vs. Actual Penetration Rate
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$250 -

Cost without Overhead (millions)
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Budgeted Cost

$92 M Over
Budget

Actual Job Cost




Duke Geological Lab

Full Service Geotechnica
and Tunneling Analysis
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Petrographic Analysis (92 Samples)
o Texture

o Mineralogy

o Internal Structure

o Metamorphism

O Bt o ™
Thin section photomicrograph

Number ' Location  Color DensiffQtz |Kspar Plagio/ An Opx Cpx Hbld Bio Garnet Opaque
Q109 004480 M 35 M
Q109 1 004+80 & 25 2.72(M M 35 m m m
Q110 006+42 10 2.66|M |RACEEN M mgnbk tr tr
Q111 009+25 | 25| 2.79(M M fr m Mpy enclQ |t
Q112 011+60 | 35| 3.05[m M 51 M exsol 'm gnkh M py
Q114 015+90 | 45 3.03 m M 53-39 SoExsol 'mgnkh m necklace tr
Q115 017+70 | 10| 2.71(M M m rbn m porange tr
Q117a |022+25 = 15| 2.72(M m 27 m rbn m porange siev btr
Q119 026465 = 45 2.93|m 1 M 27 M khgn tr rdbn m m
Q123 032+15 | 60 3.11|m m 44 m gnHB m rbn M sieve tr
Q127 [042+467 | 60 3.09[m M M M gnkh I m
Q120 049+05 25 271|v [NV low M kh M
Q130 051+83 | 15| 2.76( 40|tr M m obn M.vermic/siev e]tims
Q133  059+95 | 55 3.26(m M 38-29 M Mkhtan m M m
Q134 [062+45 60 3.17[m M 28-40RevZoning M IVBUGRISGMEN, crmic wi Qiz M fine sievelv efrtic vermi
068+10 068+10 ' 5:50 M M 55 M m gn m vermic with dlay
070+60 |070+60 & 45 M M 45+ |? core? m. Gn m M m
Q141 071480 = 30 29| 5 M sieve frgn M okh M sieve 2

Typical Petrographic Data Sheet
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Anomalous Garnet Concentrations, Layers, Lenses, and Laminae
High-Pressure Tunnel #1

Granulite Facies

Tunnel Station Lemgth Garnet Field Description

Metamorphism Start Fnd  (Feet) ZoneNo.
27H5 | 27480 35 1 Garnet liver a few feet thick in migmatitic mafic gneizs, LW only

Produced Broad Zones  isi: 37470 132 2 Camethyers and liminae in inected mafic sneiss
45+00 | 46+18 148 3 Garnetiferons mafic schist, eneizs and amphibolite
Of Anomalous Garnet’ 33+87 | 34+80 93 4 Two gametiferous layvers a £w feet thickin mafic gneis

H igher DenSity, 68+03 | 68+50 47 5 Gametifrouz one in mafic gneizs, BW only

G8+78 | 60+84 106 [i] Garnetiferons mafic schist, gneiss and amphibolite
Lower Production , 70427 | 70478 s1 7 10 thickgarnet laverin mafic gneiss, schist, and amphibolite
. . +#01 | 71+H8 17 8 Thin garnetlenzes in mafic orthogness

Excessive Fines 77615 790 135 9  Broad zone of gametiferous lavers, lenses, and laminae
93+82 96122 40 10 Garnetiferonz Bucosome in mafic gneizs LW only
O5+17 | 9023 248 11 Broad zone of gametiferous mafic gneizs, schist, and amphibolite
100+13 | 102+46 | 233 2 Broad zone of gametiferous mafic gneizs. schizt, and amphibolite
103+43 | 105+62 19 13 Lammnated garnet 7one in mafic gneiss, schist, and amphibolits
10405 | 105+43 4 14 Lammated garnet mone in mafic gneiss, schist, and amphibolite
106+30  108+70 0 220 15  Broad zone of gametiferous mafic gneiss, schist, and amphibolite
109+30 | 109+35 3 16  Blocks of gametiferous gneissi rockin shear mne
111+35 | 111+45 10 17 Lammated garnetidzrons zone m mafic gneizs, LW onby
12355 | 12570 15 18 Lammated garetderous zone m mafic gneizs
151+80 | 152420 40 19 Garnetiferons biotite schist and gneiss in contact with dacite
171+15 | 175378 | 2463 2 Broad zone ofhighly gametiferous mio matific mafe rocks
17533 176+43 0 21  Broad zone ofhighly gametiferons mig matitic mafic rocks
180+75 | 181+48 T3 22 Garnet knzes and laminas in mafic schist gneiss, and amphibolis
183+10 | 183+57 Ly 2 Garnet lver and Bminae in mafic schist, gneizs. and amphibolite
183+98 | 184+37 ¥ 2 Gamet Bver in mafic schizt, gneizz, and amphibolite
198+24 | 198+33 g 2 Shearsd and rotated block containing gamet lavers, EW only
199494 | 201+00 | 106 2 Garnetiferons Bvers m sheared mafic gneiss
01+80 | 202405 ] 2 CGarnetiferous hver in mafic gneizzs, BW only
AH18 | 207+95 n 2 Zone of gamet with Bvers lensez and laminae in mafic gneizs
21+12 | 221+93 a3 2 Thin garnat lavers in mafic gneizs, schizt and amphibolite
25H0T | 225438 3 30 Garnetiferous granitoid at mafic gneiss/orthozneiss contact
o722 | 220407 25 31 Garnetiferous =one in mafic gneizs and schist
B3 23436 11 A2 Laminated garnetiferons zone m mafic gneiss

TOTAL ——= 2663 Linear Feet of Tumnmel #1 with Highly Garnetiferous Rocks =(2663/25035)=

Samples (Q-)
20

128
1314 B
137,138
139
140

08, 144,145

ot
La Ly
[ Ve

158
1

101

204 B %A B
S0A.B

8

16

75A B
68

14
20,21
1A B
3BA_B

10.64%






i

4 N “..
} o e PRE

Y S . :
MLy o * -
P T , ® .
- .
v oINS - it Wy .‘ i 4

L} 3 -
SN o

rasivi

-

TN o o)



30, tell

them
ahout the

Faults!,




Hundreds of faults mapped in five groups B q £5%
From oldest to youngest:

= NW strike and gentle SW dipping faults

= ENE-trending steeply dipping faults

= Subhorizontal fractures and faults

= NNE-trending steeply dipping fault system
= NNW-trending “Manhattanville” fault system






Gently-dipping Faults of Group A

Group B

NW strike and gentie SW dip

Both normal and reverse ofiset

Tynically reactivate older, Ds ductile shears
Thin zones of fault breccia and crush zones
Gommonly contain sheared pegmatite
Laterally extensive features that persist for 100s of feet

Abruptly terminate by ramping steeply into crown and
down into invert




96+00 Groun A

97+OO

e =

,.—’

C aow
DlOilITE'
6145155

p—

BIOTITE SCHIST,
/ﬁMPmBOL.ITE/

7 = m -

== /

ﬁﬂ"&' nssl\f&‘

&N 1SS, ﬁ-MPH‘IBOL.!TE
o ( v /

M
\\/\2 0/:5

‘-..

_4'

S e

ﬁ




’,
£
(- -

+

(-
(-1
—

=
=
[~
(-]
[ =
(/-]
(-1
 —
F—
— ]
f
()
[ —
(-L)
(-L)
—
(—




Steeply-dipping Brittle Faults of Group B

- ENE strike and steep NW and SE dips
- Reactivate Group A faults and older ductile shears
- Thin zones of fault breccia and crush zones
- Cut by subhorizontal fractures (Group C) and younger
faults (Groups D and E)

stiibhorizontal Brittie Faulits of Group C

- Cut Group A and B faults and older ductile shears
- Thin zones of fault breccia and crush zones
- Cut by Group D and E faults



NNE-Trending Fault System of Group D

- NNE strike and steep dips; dip-slip mechanisms
- Structural control - parallel to Pz regional S, foliation
- Thick zones of fault gouge and breccia

- Clay-, zeolite-, and chlorite-rich gouge zones

- Stilbite — Calcite — Chabazite — Analcime - Apophyllite
- Relatively young - they cut 295 Ma rhyodacite dikes
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NNW-Trending Fault System of Group E

- NNW strike with steep dips; R/L and L/L strike-slip offset
- Follow S, traces of open cross folds (F,)

- Commonly healed with quartz +/- pyrite

- Youngest fault group — they cut all tunnel structures

- Reactivate many older faults

- Persistent features in west part of NW-leg of tunnel

- Associated with areas of stress relief

- Produce wet zones in areas of fault convergence
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ineralized Brittle Fault Zones of the
Queens Tunnel
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