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450 Ma to 250 Ma
Protracted Plate Collisions
Produce the Appalachians
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Manhattan Schist
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Hartland Schist, Riverside Park .
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NYC TBM Projects

Second Avenue Subway
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Second Avenue Subway
1931 — Plans Postponed for
Depression Era

(‘l\d ". —

= 8
= A'E
= i B By 1948 — Abandonment
- ;.-_:-‘3 ~ June 2010 — TBM Starts S Tube

- - 2013 — Station Complexes



second Avenue Subway
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/ 14th St ‘]

Phase 3

I phase 1 -
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Phase 3 -
I Phase 4 -

96t to 624
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62" to Houston
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96th Street Station Complex 27 Mar 2011
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Second Avenue Subway

:gta 27 Mar 2011



Dukelabs TBM Research

CUTTEX
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Six-Month
Training Period
Beset by
Aimless, Unfocused,
Lackluster
Performance




Ancillary 2

North Ancillary Cavern

Public Cavern

South Ancillary Cavern

Ancillary 1

'\— Entrance 1

86TH STREET STATION

3D PERSPECTIVE

Entrance 2

CONTRACT C-26008

86TH STREET STATION

STATION CAVERN AND

HEAVY CIVIL, STRUCTURAL

" '86TH STREET STATION

INITIAL GROUND SUPPORT

3D PERSPECTIVE OF STATION| 26008-SS0803

SHEET 1 OF 3 |

Stations 1198+00 to 1209+00 = ~1,100°




Excavation Methods
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Second Avenue Subway
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Full Service Geotechnical
Tunneling Analysis
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Northbound
TBM Tunnel

Duke Geological Lab ——— Stationing in Feet East and West of Second Avenue Centerline ———

Westbury, NY 11590

(516) 280-7144 .~ = perimeter Drill Holes of CIR room

N Mapped 28 February 2013
Lo WWW.dukelahs.com
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Sta 1204+90

North Cavern Center Slash
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Second Avenue Subway - North Cavern Center Slash secnnd m’ﬂn“ﬂ s“hwav

Working Face at Sta. 1204+90; Elev. +79' to +108’

0+10 0+05 02 0+05 0+10 0+15 0+20
1D | 1 | | | | 110
Lithology: Migmatitic, biotite-muscovite-garnet schist
with mica-quartz-plagioclase granofels interlayers
and subordinate hornblende-biotite amphibolite.
+105 —¢ — +105
+100 — —+100
+95 — — +95
+90 — — +90
+85 — — +85
+80 — T— +80
West TBM Bore |
+75 — s +75’ Muck Floor / T—%75
Discontinuities 1-10: ]
Listed on attached site
report with raw image
'S l | [ [ | |
: 0+10 0+05 ¢1 0+05 0+10 0+15 0+20
" Duke Geological Lab +
Westhury, NY 11590 Stationing East and West of Second Avenue Centerline — Sta 1 204 90
(5161 280-7144 North Cavern Center Slash

Lo Www.dukelabs.com Mapped 19 December 2012
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Sta 1205+10

North Cavern West Slash
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Second Avenue Subway - North Cavern West Slash SG(mnd n“en“ﬂ s“hwav

Working Face at Sta. 1205+10; Elev. +79’ to +10%’

0+15 0+20 0+25 0+30 0+35 0+40
41D | 1 | | | 1 4D
Discontinuities 1-13: Lithology: Migmatitic, biotite-muscovite-garnet schist
Listed on site report with mica-quartz-plagioclase granofels interlayers
and subordinate hornblende-biotite amphibolite
+105 — — +105
[ ﬂ
+100 — ~N30E Fractures — +100
and Overbreak Extends | \
Into West Sidewall
+95 —f — +95
+90 — x — +90
1
| —1
+85 —f é — +85
=]
— 4
+80 — EEE — +80
—1
d iz
\west TRM Bore '< | Bt
+75 — | —1 — +75
[ = Limit of 0.5’-3 of overbreak from >
NW- and NE-trending discontinuities
that intersect with gently inclined +75° Muck Floor
foliation, layering and foliation shears
' | | | | | |
% 0+15 0+20 0+25 0+30 0+35 0+40
" DukeGeologicallab _ _ Sta 1205+10
Westhury, NY 11590 Stationing in Feet West of Second Avenue Genterline —
~ (516) 280-T144 North Cavern West Slash
porenns | WWW.dukelahs.com Mapped 19 December 2012







Second Avenue Subway - Elevator Shaft 86th Street, North Wall, Sta. 10+56 to 10+82 East of Centerline

+140

+130

+120

+110

ot
Dukclabs
e e

10+60 10+70 10+80 10+90
| | | " — | | W —— +140
+134’ Shotcrete /+134’
Curtain ™\ __— Bench
= Discontinuities: —+130
amphi- 1 - N45W, 64NE undulating, rough J3 jnt
b°“‘es< 2 - N30E, 84SE undulating, rough J2 jnt w/ calcite infilling
3 - N38E, 85SE undulating, rough J2 jnt w/ calcite infilling
_v; 4 - N38W, 90 planar, smooth J3 jnt parallel to wall £190
! 5 I 5 - Foliation shear zone parallel to regional foliation ==
gram;%g}%:gﬂs 6 - Foliation shear oversteepens foliation and layering
—— 7 - Foliation shears
/ 8 - ~NS, 85E wavy, rough, iron-stained J2 jnts (3)
+115’ Muck Floor
- ==+110

AAAAAAAAAAAAAAAAA

Lithology:

Massive, sheared migmatitic biotite-muscovite-garnet schist,
gneiss, with interlayered granofels, and amphibolite (green)
intruded by foliated plag+qtz+Kspar granitoid sills (tan).
Schist exhibits sheared flaser texture with granitoid sweats
parallel to foliation

Foliation and Layering:

Varies from N24W, 16SW (Sta. 0+56) to N8OE, 10SE (Sta. 0+82)
but extremely variable the result of internal shearing. Isoclinally
folded amphibolites occupy axial surfaces of F2 folds of early S1
foliation with sheared boundaries the result of ductility contrast
with surrounding schist, gneiss and granofels.

I 1
10+60  10+70  10+80

I i | [ |

10+90
",',',:Zﬁ:::':‘,’,ﬁ,'g;g — Stationing in Feet East of 86th Street Centerline —»
(516) 280-1144 Mapped 21 2013
i A Sta 1206+62 — Elevator Shaft Agpsd. 21 Janvery
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second Avenue Subway
86th Street Ancillary #2
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Duke Geological Lab
Westhury, NY 11590

Ancillary #2

Sta 1207+07 -



Second Avenue Suhway - Ancillary #2 East Wall (Sta. 1207+07 to 1207+92); Elev. +139’ to +122’

0+90
|

0-|+80

0-|l-70 O-ll-60 O-i-50 0T4O 0-*1-30 O-i-20 O-II-1 0

+140 —
1207+92

e

/ Curtain \

LN S B e B s e ma s B S S B A

[ ] = Areas of fallout from N35E fault zone

+135’ Shotcrete projecting from SE excavation corner

Foliation N43E, 24SE

AVAl

Foliation N15E

e 17SE

+130 —

+120 —

T +122’ Muck Floor —

Massive Interlayered migmatitic schist, granofels, and minor
amphibolite. Gently inclined and broadly arched with steep
NNE dislocations to south that dip 80SE to 90 to 76 NW to
produce 1’ to 2’ of continuous fallout. Foliation and
Iayerlng vary because of gentle inclination (<4 app. dip)

Dislocations:

1 - N32E, 76SE, planar, rough jnt
2 - N35E, 90, planar, rough jnt

3 - N34E, 88SE, planar, rough jnt
4 - N31E, 85SE, planar, rough jnt
5 - N35E, 85NW, planar, rough flt
6 - N36E, 90, planar, rough flt

7 - N35E, 87SE, planar, rough flt

1207+07— +140

—+130

—+120

l
0+90

B
Dukelabs |
R g

|
0+80
Duke Geological Lab
Westhbury, NY 11590

(516) 280-71144
www.dukelahs.com

I | [
0+50 0+40 0+30 0+20 0+10

Stationing in Feet North Along East Wall _
(Map nrawn Parallel to Sta 0+30 West of Second Avenue Genterline)

0+70 0+60

Mapped 21 November 2012




Second Avenue Subway - Ancillary #2 East Wall $ta. 1207+07 to 1207+92; Elev. +123’ to +111
ngo 0780 0T70 04|-60 0150 04|r4o 0+30 0+20

O-f|-10

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

[C] = Areas of fallout from NE-trending fault zone

+125’ Shotcrete projecting from SE excavation corner |
+130 — Curtain —+130
1207+92 1207+07
R \ | / /s Granofels
1 777
+120 4 f——— \ '|‘ i —+120
e v\ i)
| 777
— v 777 —
—— 5\ | FAL) Gy v
| 47— s [ 4
+110 — e T— —+110
+111’ Muck Floor

Foliation N8E, 11SE Foliation N66E, 15SE

Lithology: Dislocations:

Massive interlayered migmatitic schist, gneiss, 1 - N51E, 81SE oblique slip fault extends from
granofels, and minor amphibolite. Gently inclined = south wall; ~1’ fallout; slicks plunging 46 intoS41W
and broadly arched foliation cut by steep 2 - N30OE, 80NW fault w/ stilbite+quartz

dislocations (J2, J3). Foliation and layering 3 - N41E, 85SE fault w/ stilbite+quartz

(open triangle) control dominant joint set (J1) 4 - N15W, 74NE rough jnts (3) w/ stilbite+calcite veins

which varies in orientation because of broadly 5 - N85E, 77-88SE rough jnts (3) w/ stilbite+calcite veins
arched foliation. Foliation and layering are

gently inclined (4 to 9 degree apparent dips)

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

I I I | I I [
0+90 0+80 0+70 0+60 0+50 0+40 0+30

0+20 0+10
Duke Geological Lah Stationing in Feet North Along East Wall ____
Westhury, NY 11590

(Map IIHIWII Parallel to Sta 0+50 West of Second Avenue Centerline)
i (516) 280-1144 Mapped 15 January 2013
(o | WWW.dukelabs.com




Second Avenue Subway - Ancillary #2 East Wall Sta. 1207+07 to 1207+92: Elev. +117 to +100°
ngo oJIrso 0470 oTeo oTso 0T40 oTso oTzo oT1o

.............................

[C] = Areas of fallout produced by intersecting

+111’ Shotcrete joints, foliation and faults -
1207+92 Curtain 1207+07]
+110 — Rao 7 H~—7~Z 4
Al / W 6'F \ £78 110
I RS \Y/ 10
y Al — N Al —~
17 K \Q\ Wpening 11 12
3 4 into cavern
+100 — | Foliation N6E, 6sE —+100
+102’-100° Muck Floor 7 Foliation N6OW, 17SW
Lithology: Dislocations:
Massive interlayered migmatitic 1 - N10E, 90 stepped, rough J2 joint

|  schist, gneiss, granofels, and minor 2 - N80OE, 74NW planar J3 joint w/ thin (1-2 mm) stilbite+calcite infilling
amphibolite. Gently inclined and 3 - N20E, 62 SE planar, rough J2 joints (3)
broadly arched foliation cut by steep 4 - N15E, 45SE undulating, rough J4 joint

(J2, J3) and moderate (J4) 5 - N75W, 60SW planar, smooth J3 joints (3) w/ epidote+stilbite coating
dislocations. Foliation and layering 6 - N85E, 77-88SE, rough J3 joints w/ stilbite+calcite veining up to
(open triangle) control dominant 2” thick

joint set (J1) which varies in 7 - Broad zone of highly weathered and crumbly rock extending from
orientation because of broadly Sta. 0+68 to 0+43. Area of 1’-3’ fallout from Sta. 0+68 to 0+54
arched foliation. Foliation and 8 - N15W, 74NE rough J2 joints (2) w/ stilbite+calcite veining

layering are gently inclined (2 to 9 9 - N12E, 55SE undulating, rough J4 joint w/ 1/4” stilbite+calcite veining
degree apparent dips) at north and 10 - N65W, 43 NW undulating, rough J3 joint

south ends of excavation. Foliation 11 - N41E, 64SE planar, rough J2 joints (faults?) causing blocky fallout
dips are calculated from apparent 12 - N22E, 80SE planar, rough J2 joint

dips
] ] | T | | I -
0+90 0+80 0+70 0+60 0+50 0+40 0+30 0+20 0+10
Duke Geological Lab Stationing in Feet North Along East Wall ____
Westhury, NY 11590 (Map Ilrawn Parallel to Sta 0+50 West of Second Avenue Centerline)
(516] 280-1144 Mapped 06 February 2013
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Second Avenue Subway - Ancillary #2 East Wall Sta. 1207+06 to 1207+91; Elev. +102’ to +88’

0+90 0+80 0+70 0+60 0+50 0+40 0+30 0+20 0+10
I I S O N [N D
Foliation N74E, 6SE +102’ Shotcrete [ = Areas of 1-2’ fallout from Sta. 1207+84 to 1207+60 % :
1207+91 Curtain and from 1207+33 to 1207+25 produced by 7
intersecting joints, foliation, and faults 9 1
s | 1 3 ]
h .
+ = opening 44—+
100 E[) into cavern ’ — 100
A Muck- -
(r; 2/\ 3 6 soahl <Covered’ ]
& NG N Area
t B 4 9
j oo S=AN

T~ 488 Muck Floor ——

Lithology:

Massive interlayered migmatitic
schist, gneiss, granofels, and minor
amphibolite. Gently inclined and
broadly arched foliation cut by steep
(J2, J3) dislocations. Foliation and
layering (open triangle) control
dominant joint set (J1) which varies
in orientation because of broadly
arched foliation. Foliation and
layering are gently inclined (0 to 10
degree apparent dips) from north to
south ends of excavation wall.
Some foliation dips are calculated
from apparent dips.

AAAAAAAAAAAAAAA

] ) Foliation N74E, 14SE
Dislocations:

1 - N8OE, 74NW planar J3 joint w/ thin (1-2 mm) stilbite+calcite infilling

2 - N35E, 81SE undulating, rough J2 joint w/ stilbite infilled parallel to J1
Apparent dip 4 degrees S on N30E rock face

3 - N52W, 71 to 84NW planar, rough J3 joint

4 - N24E, 90 undulating, rough J2 joint w/ stilbite infilling

5 - N75W, 60SW planar, smooth J3 joints (2) w/ epidote+stilbite coating

6 - N25E, 84SE, planar, rough J2 joint

7 - N23E, 86SE undulating, rough J2 joint w/ stilbite+calcite infilling

8 - Apparent dip 8 degrees S on N30E rock face

9 - N32W, 70SW planar, rough J3 joint

10 - N37E, 72SE undulating, rough J2 joints (3) w/ stilbite+calcite infilling

11 - N35E, 54SE undulating, rough J2 joints causing blocky fallout

12 - Foliation (J1) N62W, 11 SW

13 - N44E, 82SE undulating, rough joints (4) that project into south wall

14 - N42E, 90 undulating, rough J2 joint

15 - Apparent dip 10 degrees S on N30E rock face

..................

-

l
0+90 0+80

Duke Geological Lab
Westhury, NY 11590
(516] 280-1144
www.dukelahs.com

0+70 0+60 0+50 0+40 0+30 0+20

(Map nrawn Parallel to Sta 0+50 West of Second Avenue cemerlmel
Mapped 05 March 2013

0+10

o 464 \
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Second Avenue Subway - Ancillary #2 East Wall Sta. 1207+03 to 1207+92; Elev. +88' to +19’°

0+90 0+80 0+70 0+60 0+50 0+40 0+30 0+20 0+10
l I I I N S [N M—— —
+88’ Shotcrete Shotcrete
Curtain . Epening
into cavern
Foliation N30W, 16SW
+90 — —+90
5 inct)gir::egrn
+80 — 7 — +80
75 M —
uck Floor 5

Lithology: Dislocations: S DS NE R, T
+70 — Massive interlayered migmatitic 1 - N70E, 82NW undulating, rough J2 joint —+70

schist, gneiss, granofels, and minor 2 - N55E, 81SE undulating, rough J2 joint; Apparent dip 5 degrees S

amphibolite. Gently inclined and 3 - N50E, 57SE undulating, rough J2 joints w/ thin (1-2 mm)

broadly arched foliation cut by steep stilbite+calcite infilling from Sta. +85 to +50; Wedge-type fallout

(J2, J3) dislocations. Foliation and 4 - N4OE, 68SE reverse fault and parallel undulating, rough J2 joints

layering (open triangle) control w/ stilbite+calcite infilling; Discontinuities extend from south wall

dominant joint set (J1) which varies 5 - N10E, 52SE planar, rough J2 joints (3)

in orientation because of broadly 6 - N4OE, 65NW and N32E, 81SE undulating, rough J2 joints control

arched foliation. Foliation and wedge-type fallout

layering are gently inclined (5 to 14 B - A P ST Sy

: = Areas of 1’-2’ fallout from Sta. +85 to +

degrr?e agpa:cent dlps).from r;IC)rth = and from 1207+33 to 1207+11 produced by

sout en. S _O ex_cavatlon wall, intersecting joints, foliation, and faults

Some foliation dips are calculated

from apparent dips.

T |'“'""" r - - | | -
0+90 0+80 0+70 0+60 0+50 0+40 0+30 0+20 0+10
Duke Geological Lah Stationing in Feet North Along East Wall _
Westhury, NY 11590 (Map lll‘ilWll Parallel to Sta 0+50 West of Second Avenue Centerline)
(516] 280-7144 Mapped 22 April 2013
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1075h_Calcite_86'" St 2" Ave Suhway
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1104_Calcite_86™ St 2"! Ave Subway . |



.y
-

=n
(-]
.=
—]
—]
(7 -]
S
==
=
(—
&N

2689 _Stilbite+Calcite_ 8618t




2825_Stilbite_86™ St 2" Ave Subway '
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2840 _Epidote_86% St 27 Ave Subway
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