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| Can Geologic Studies Help
Explain Excavation Anomalies
' and Support DSCs?
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NYC Schist
Well-layered Hartland Fm.
Penetrative Foliated Textures

Great Rocks for Tunneling
and Excavation!









105400

\ Y
(14
3%
s
INTeCTED
a €@ -
al,
NV .
> X% NeSE

a
\

o

“>a
)

1" = 10" Mapping Program 1997-1999



70.0%

[1 Pre-bid Borings
38.9% H As-built Tunnel #1
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Granitic Gneiss Pegm atite Mafic to Meso Amphibolite Mafic Dikes Rhyodacite
GneissiSchist

Incorrect Pre-Bid Anticipation Based on Tunnel-Horizon Borings



Density Tunnel#1 (Mean = 2.87 glcm3)
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Figure 2. Trace Element Classification of Igneous Rocks
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Figure 3. Tectonic Affinities of Felsic Rocks
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Unlike Hartland and

Much Older

Geochemistry
Geochronology
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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 | 6850 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)=
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~11% of Tunnel up to 50% Garnet
in 32 Zones (= Ore Deposit!!)
Abrasive, Tough Granoblastic Rock Mass =
Low Penetration Rate of <6'/hour vs.
9'/hour Anticipated and Excessive Fines

Bimodal Blocks and Dust




of Foliation
Very Favorable
Tunnel Drive
Orientation!!

Instead:
M%~0°
21% <30°

38% Gentle Dips

Gneissic Layering/Foliation




F?Iiation Planes Perpendicular
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Foliation Planes

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



Foliation Planes Parallel

| Spacing

I Penetration

Wbl

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







Excessive Fines

Mineralogy
Metamorphism
Fabric

Garnet




Five Laterally Extensive Dikes

Dike Stations

1 109+20 - 109+52
2 117+58 - 118+24

3 128+70-129+21
129+53 - 130+41

4 131+70 - 132+42
132+40 - 132+56
132+58 - 133+62

S5 149+93 - 151+36
151+45 - 152+40

Exposed Thick-
Orientation Length

N65°W, 57°NE 32
? - RW Only 66'

? - LW Only 51
N48°W, 78°SW  88'

? - LW Only 72¢
? - RW Only 16¢
N61°W, 81°NE 104’

N52°W, 90° 143¢
N40°W, 83°SW  95¢

ness

12

>8'

7'
11’

6'
3!
5'-10'

16'
14

Brief Comments

cuts N58°E, 83°NW normal fault
cuts N52°E, 76°NW normal fault and shear zone

cuts D, shear zone
cuts N20°E, 10°NW thrusts and older F; fold

cuts N30°W, 23°SW thrust fault
thin selvage cuts thrust fault and shear zone
cuts N44°E, 83°SE reverse shear zone; fractured

cut by N20°E, 70°NW normal fault; clay-rich gouge
cut by N18°E, 70°NW normal fault; clay-rich gouge



Glassy Textures
Vesiculated

Hornblende Phenocrysts
Plagioclase Phenocrysts
Typical Rhyodacite Features
Geochemical Confirmation
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Boring L'ogs, Did'Not ldentify Glassy \olcanic Rock
No Borings Penétrated Rhyodacite at Tunnel Horizon
No L|tho|og|c§;pounterpart ANYWHERE in NYC or vicinity!!
Truncates Qp‘ei% Fabrlc 248 Ma Permlan age |
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Collapsing.




Detailed Mapping

Lithological Analyses (Mineralogy, Petrography, Density)
Structural Analyses

Metamorphic Analyses

Geochemistry

Geochronology

Indicated Tunnel #1 Rock Mass Not Anticipated Hartland
Rather, High-Pressure Granulite Facies Metamorphic
Rocks Correlative with Older, Tougher Fordham Gneiss

Added Impediments to Anticipated Production
Rhyodacite Dike Swarm
Anomalous Garnet Content






Mucking Operations
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1:06:17 Bedding sub-horizontal Beds dip NW Bedding subhorizontal
1:06:26 Veining Sub-vertical Sinuous light-colored (calcite?) vein
1:06:35 Veining Vertical Light-colored (calcite?) vein; high-angle fracture dips right
1:07:01 Rope with beds Beds dip NW Red Rope = Mag S; Sub-horizontal bedding
1:07:37 Bedding sub-horizontal Beds dip NW Sub-horizontal bedding (apparent dip)
1:07:48 Rope; Steep fractures Pink Rope = Mag SE
1:07:57 Steep fractures Fractures trend NW Fractures dip right and left; Angular blocks and voids; Steep NE jnts
1:08:20 Steep fracture Fracture trends NW High-angle fracture dips right
1:08:35 Rope Beds dip NW Yellow Rope = Mag E; Sub-horizontal bedding (app. dip)
1:08:54 Bedding gently inclined Beds dip NW Beds dip gently left

1:09:09 Veining Vertical calcite (?) vein



CIRCUMFERENTIAL MAP - SHAFT 23 ROCK SOCKET PASSAIC RIVER BRIDGE

Tape Purple Yellow Pink Red White Blue Green Tape
Measure Rope Rope Rope Rope Rope Rope Rope Measure
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EXPLANATION

_——v_ Bedding Planes X Fractures — Fractures with Calcite

Geology Mapped By C. Merguerian
/"’\/' Voids Outlined by From 22 July 2013 Video Calibrated
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Shaft 23 — Curled
3-D Map on
Acetate
Detected
Three
Intersecting

Fault Systems

1) N35°E, 75° NW

2) N25°E, 80° SE - 80°
NW - Conjugate Set

3) N40°W, 70° NE
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Terrestrial Gaissons

As-Built Contractor Experience -




Terrestrial Gaissons

As-Built Contractor Experience -

* "heavy water, sand, and rock”
* “excessive water from casing”

* “thick (heavy) sediment inflows
up to 25 feet”

* “seams and rock ledges”
* “large rocks and dirty discharge”
* “socket making water”

* “communication between open
drill sites”

* “flooding of the jobsite”
* “spoils on the ground”

* “equipment damage including
broken shoes, rig tilting,
hammer clogging and
unanticipated hammer firing”

All From “Job Field Reports”



Expectation: Roughly 100’ of unconsolidated overburden covering competent
marble bedrock — the softest and easiest to drill rock type in NYC!

Surface

Fill

Sand 1

Varved

Sand 2
Till

/\_\

T

__Inwood Marble__
Formation

:




44 (29.7%) of 148 Caisson Dirilling Issues — Same Means/Methods

REVISIONS
Zong] DESCRIPTION DATE | APPROVED
1 15 2 26 3)(34 4)41(42) (495 6 )(6.1 6.9)(7 8 89)(9 [~ T 6| WC'S FOR CAISSON AND TAPERT REPLAC. [02-16.16
I 7| 38.25"DIA CAISSONS ADDED 5-26-16
| 8
9

ON HOLD MINI-CAISSONS, C58, C81 REMED{08-01-16
TAPERTUBES CUT-OFF ELEV. AND ADD'L
REMEDIATION MC'S 01-20-17

F

C-80

C78

24" DIA. CAISSON.
MAX, LOAD=500T (C).
QTY = 32 EA

C470 24" DIA. CAISSON.
MAX. LOAD=650T (C).
QTY =6 EA

c67 24" DIA. CAISSON.
MAX, LOAD=900T (C)
: i QTY =15 EA

24" DIA. CAISSON.
MAX. LOAD=1,150T (C).
QTY =12EA

D8

c-go 24" DIA. CAISSON.
C-58RR o MAX. LOAD=1,300T (C).
- C58RABANDONE .

Wi 80] OF CASING QTY =4EA

C-15 ‘

N c-15 C-16}
) {(ABANDONED) | |

| X

C-13l Gg-14

24" DIA. CAISSON.
cs2 MAX. LOAD=1,500T (C),
QTY =3EA

TYPE A CAISSON WITH 13.375"

DIA. MINI-CAISSON (REMEDIATION).
. MAX. LOAD=600T (C)

T%iss &a7 chs QTY =1EA

: 13.375" DIA. MINI-CAISSON
|| lows; O WAX. LoAD=100T (C)
- o cps QTY =15EA

ABANCONED
CEJAAND CATC

13.375" DIA. MINI-CAISSON
s t Sila © wAX. LoAD=350T (C)
= 2 cdl HA (X QTY =13EA

c7, c9 108
c c2 % c4 c8 o
c i @ R R L 2 L 2 % * ] % % i c @ 13375 DIA MINLCAISSON
— T2

MAX, LOAD=475T (C)

q ter QTY =34 EA
L | £ 18" DIA. TAPERTUBE.
E T4 24" CAISSON FOR TYPE A WITH REMEDIATION DMC. L(:)9r¢u:75|720ETA(C)

LATERAL RESISTANCE N

13,375" DIA. MINI-CAISSON
LOAD=120T (C)

lag

T3

4 EA. 13.375" DIA i =
MINI-CAISSONS (120T CAPAC.) I QTY =4EA
(TAPERTUBE PILES REPLAC.) ) 13.375" DIA. MINI-CAISSON
39 v
A 4 % > 2 g 9 7 (REMEDIATION).
U 15 2 26 3)(31 4 (41)42) (49)5 6 )(6.1 6.9 7 8 MAX. LOAD=1400T (C)
QTY =1EA.

INDEX PILE

. INDEX PILE
LOCATION 1 PO2.

o pC3 ) LOCATION 2
1

¥t !
T?’E\" 1200 | o fras 1260 | O Jraz 300 | O frat
120 O 1 O |r21 124 0 | O Ir2s 128 0 | O fr2e 13200

{
T4210 O 113 T‘?/E\rs
T4 O | Ofr15 70O —

{ 1INDICATES TOP|OF PILE CAP
{ ) INDICATES TOP OF
TAPERTUBE PILE .Tﬁ?

TYPE A’ CAISSON WITH 13.375"
DIA. MINI-CAISSON (REMEDIATION)
MAX. LOAD=800T (C).

QTY =1EA

6 ) LEGEND
SCALE NTS

NOTES:

THIS DRAWING SHALL BE USED FOR PILE

AND CAISSON IDENTIFICATION

PURPOSES ONLY’

! CAISSON DETAILS AND CUT-OFF

- | | ELEVATIONS ARE PROVIDED IN PILE AND
H CAISSON SCHEDULE DRAWING.

¢ ROER CuE SOEKTNE INDEX PILE LOCATIONS ARE SUBJECT TO

CHANGE

NOTES
SCALE NTS.

UFS 023107
NEW YORK PROTON
THERAPY CENTER
NEW YORK, NY

ALTERNATIVE FOUNDATION
CAISSONS AND PILES
IDENTIFICATION PLAN

UNDERPINNING & FOUNDATION SKANSKA
46-36 54TH ROAD, MASPETH, NY 11378
DES AD. CHKD_ AD. SCALE PAPER SZE
oW AP |oATE 051115 | AS NOTED [ 22x34
* 1 5

PC-4.
L10)
“4-4)

|

N

893 O [r70r5-11
8-9) t

w

17

9} LOCATION 4 LOCATION 5 pC2
PC-3 PC-3 ¥
187

I T 529/ Q AR N
752 1594 © T50 168 T55(0 | 152 [0 O|153

PC-2
-16")
52} (441

2

KEY - 15 December 2015 Progress 26 3

@ o - Completed Caissons

- Drilled with Casing/Not Poured - Reported excessive water flows during - Reported excessive material+water flows during
® - Casing Seated in Rock UFS caisson drilling. See Table 2 for UFS caisson drilling. See Table 2 for compiled

i i i details of issues
- C-81 to C-83 Upper Casing in Place 15 Dec 2015 complledicstalis:chissiles
@ e - Robit 2 Installed in Nov and Dec 2016

PAGE— 1 ) 23107-FID-001




Boring Log ARalySIS [ .. s .o el

PROJECT 1 MR-117
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GRAPHIC SCALE
0 2'

105 Lost Circulation

W

0.5’ Open Fracture
—EXISTING .',:(,‘,126-0’ to -126.5’)
/" FENCE !

s Ll | e N\ e [ P T "R'*ma.
\\&..‘V : S, 2 * ;
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MR- |
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( 129.5"and 130 8"

74.82 MR—1m ;:,d/
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AN

Fractured
__1%-01 12.4’to -112.7)

s 100.00’

69.83

..s» Lost Water/Eractured
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PROPERTY CORNER —/\

.

Borings with Open Fractures;
Low RQD/Loss of Drill Water
® Borings without Open Fractures pewenzz e | |
High REC and RQD ~ T e o




100.00°

69.83

(0,0) ORIGIN FOR BORING
LAYOUT, SOUTHWEST
PROPERTY CORNER —

MR-101A

in — a0 LY - —
: | " Lost Water
7 111.4)

Upper Fracture
Three-Point Problem #1
MR-101A/MR-105/MR-115
Solution = N37°W, 1.5°NE

MR-108P

S{,/-k
®
Ne

MR-102

GRAPHIC SCALE
20 w00 20 «

R-105

Lost Water/Fractured:
(-111.1" to -115.1")

610.00°

g i
|
|

e-Point Solution

]

re

LJst Circulation
(-114.2’ to -118.9")
14 o =B sueone

MR=111B/ "

: .m—mﬁ S\ /4 255.00
MR=T11— :

MR-106 $

FL

— PREVIOUS BORING MADE IN JUNE 2007

101

— BORING MADE IN JUNE 2013

P — PIEZOMETER

R-117

— PROPOSED ADDITIONAL BORING
Borings with Open Fractures;
Low RQD/Loss of Drill Water

99.92°



A = 1300 elevation 1500’ C = 1850’ elevation

/
1550 /
/ﬁb B = 1550’ elevation
1300 E

o

Three-Point Solution Ft
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LA, SOuTNEST
PROPERTY CORER
&
WR-101A
Lost Water
(-111.4)

o

A

Upper Fracture
Three-Point Problem #1
MR-101A/MR-105/MR-115
Solution = N37°W, 1.5°NE

Lost Circulation
(-114.2'10-118.9)
M3

=3
€3 - PROACUS BORNG WAOE N JNE 2007

N

P - PEZOUETR

MR-117
@ - PROPOSED ADOTIONAL BORNG
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* Inspection Videos — Coarse-Textured Calcite Marble
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To surface (+9' elev.) A
Utility Tunnel
vt Bronx Shaft
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50 < Ny
NW Top of Rock SE
— -57"map
60’ \ | Calc-schist and calcite marble
\ Coarse-textured calcite-
" and dolomitic marble
-68" map
70
"map
ap
-80’
—\-85' map
. ) -90’
Sub-unit Thickness (Feet)
1 - Calc-schist and calcite marble > 6’; top not exposed
2 - Coarse-textured calcite- and 4.0 '
dolomitic marble -100
3 - Dark gray marble and calc-schist 3.0 — -104’map
4 - White to buff-colored dolomitic 2.0
marble 10
5 - Dark gray to blue dolomitic 5.0 ‘
marble — ~1\75 map
6 - White to buff-colored marble 11.0 120’
7 - Dark gray, blue and brown 11.0
marble, calc-schist ppee——
8 - Thinly layered whitish-gray and - 10.5 i
tan marble and calc-schist N 10 Feet
9 - Brown calc-schist, gray marble, 115 \ 5
calc-silicate rock and quartzite \ = o WE
10 - Whitish-tan micaceous marble >11.5’; base not exposed 140’ P

Aggregate thickness exposed > 75.5’ Merguerian, Merguerian and Cherukupalli 2011



100’ of Water Saturated Overburden + Goarse Galcite Marhle +
Unanticipated Fractured Bedrock Breaching Top of Rock =

Water, Water, Everywhere =
Valid Differing Site Gondition Ciai
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Full Service Geotechnical
Analysis
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