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Can Geologic Studies Help

Explain Excavation Anomalies

and Support DSCs?

Three Case Histories

Say Yes!



TBM Tunnel #1



Anticipated vs. Actual Penetration Rate
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Anticipated vs. Actual Cost



Dukelabs’s 

Tunnel #1 Field Office

Office Help



Foliated Textures Anticipated in Well-Layered Hartland Formation



NYC Schist

Well-layered Hartland Fm. 

Penetrative Foliated Textures

Great Rocks for Tunneling

and Excavation!





Tough, Granoblastic Textures Encountered in Orthogneiss



1” = 10’ Mapping Program 1997-1999



Incorrect Pre-Bid Anticipation Based on Tunnel-Horizon Borings



Density Analysis of > 100 Samples >> Schist (~2.65)



Figure 3. Tectonic Affinities of Felsic Rocks
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syn-Collision Granites

 Within Plate Granites

Volcanic Arc Granites

Ocean-Ridge Granites

after Pearce et al . (1984)

Figure 2.  Trace Element Classification of Igneous Rocks
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Fordham Gneiss 

BZ-Type "Hartland"

PB-Type "Hartland"

Queens Tunnel Gneiss  

Taconian Granites of the

Manhattan Prong

SubAlkaline Basalt

Andesite

 Basalt

Andesite

Rhyodacite/Dacite

Pantellerite

Comendite

Rhyolite
Phonolite

Trachyte

Trachyandesite

Alkaline Basalt
Basanite

Nephelinite

after Winchester and Floyd (1977)

From Brock, Brock and Merguerian 2001

Geochemistry

Geochronology

Unlike Hartland and Much Older



High-Pressure Granulite Facies

Opx+Cpx+Primary Gt



Secondary Upper 

Amphibolite Facies

Hbl+Bio+Gt

Garnet Necklaces



Secondary Upper 

Amphibolite Facies

Hbl+Bio+Gt

Garnet Necklaces

High-Pressure
Granulite Facies
Metamorphism

Produced Broad Zones
of Anomalous Garnet,

Higher Density,
Lower Production,

Excessive Fines 



~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



Pre-bid Data =

NE-trending

Steep SE Dip

of Foliation
Very Favorable

Tunnel Drive

Orientation!!

Instead:

11% ~ 0°

27% <30°

38% Gentle Dips
Very Unfavorable

TBM Drive

Orientation!!



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)



Normal TBM Chips



Excessive Fines
Mineralogy

Metamorphism

Fabric

Garnet



Five Laterally Extensive Dikes

                                                                                            Exposed  Thick-

Dike Stations      Orientation   Length     ness            Brief Comments

  1     109+20 - 109+52   N65°W, 57°NE      32'   12' cuts N58E, 83NW normal fault

  2     117+58 - 118+24   ? - RW Only          66'  >8' cuts N52E, 76NW normal fault and shear zone

  3     128+70 - 129+21   ? - LW Only        51‘         7' cuts D3 shear zone

         129+53 - 130+41   N48°W, 78°SW     88'   11' cuts N20E, 10NW thrusts and older F3 fold

  4     131+70 - 132+42   ? - LW Only        72‘    6' cuts N30W, 23SW thrust fault 

         132+40 - 132+56   ? - RW Only        16‘         3' thin selvage cuts thrust fault and shear zone

         132+58 - 133+62    N61°W, 81°NE   104'  5'-10' cuts N44E, 83SE reverse shear zone; fractured

  5     149+93 - 151+36    N52°W, 90°         143‘    16' cut by N20E, 70NW normal fault; clay-rich gouge 

         151+45 - 152+40    N40°W, 83°SW    95‘   14' cut by N18E, 70NW normal fault; clay-rich gouge



Glassy Textures

Vesiculated

Hornblende Phenocrysts

Plagioclase Phenocrysts

Typical Rhyodacite Features

Geochemical Confirmation



Dike 1





Boring Logs Did Not Identify Glassy Volcanic Rock

No Borings Penetrated Rhyodacite at Tunnel Horizon

No Lithologic Counterpart ANYWHERE in NYC or vicinity!!

Truncates Gneiss Fabric; 248 Ma Permian age



Produced Mechanical Weakness



Collapsing Crown and Sidewalls



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

Combined Research Showed Clear DSC



Subaqueous Bridge Shafts



Mucking Operations



Passaic Fm Sandstone

Angular not Rounded

Sidewall Collapse

Water + Material + Aquatic Life = Hydrologic Connectivity with River



Video Mapping System



Video Mapping System



Video/Mapping Data

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



2-D Map

From

Videos



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

Northward View



8 Shafts Encountered Serious Drilling Problems





18 November 2015 – UFS  Video of C-29



18 November 2015 – UFS  Video of C-29

• "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!



44 (29.7%) of 148 Caisson Drilling Issues – Same Means/Methods



Boring Log Analysis



Three-Point Solution



Three-Point Solution





Upper Fracture Zone

Lower Fracture Zone

C-5 Socket
• Inspection Videos – Coarse-Textured Calcite Marble 







MR-110

MR-115
14Feb2017

14Feb2017

3C

3C



 

Sub-unit Thickness (Feet) 

1 - Calc-schist and calcite marble > 6’; top not exposed 

2 - Coarse-textured calcite- and 

dolomitic marble 

4.0 

3 - Dark gray marble and calc-schist 3.0 

4 - White to buff-colored dolomitic 

marble 

2.0 

5 - Dark gray to blue dolomitic 

marble 

5.0 

6 - White to buff-colored marble 11.0 

7 - Dark gray, blue and brown 

marble, calc-schist 

11.0 

8 - Thinly layered whitish-gray and -

tan marble and calc-schist 

10.5 

9 - Brown calc-schist, gray marble, 

calc-silicate rock and quartzite 

11.5 

10 - Whitish-tan micaceous marble >11.5’; base not exposed 

 

Aggregate thickness exposed > 75.5’ 

 
Merguerian, Merguerian and Cherukupalli 2011



100’ of Water Saturated Overburden + Coarse Calcite Marble +

Unanticipated Fractured Bedrock Breaching Top of Rock =

Water, Water, Everywhere =

Valid Differing Site Condition Claim

Contractors



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

Full Service Geotechnical

Analysis

www.Dukelabs.com
www.DukelabsDSC.com

tone Ridge, NY

Mickey

Charles

Chris




	Slide 1
	Slide 2
	Slide 3
	Slide 4: Anticipated vs. Actual Penetration Rate
	Slide 5: Anticipated vs. Actual Cost
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Foliation Planes Perpendicular
	Slide 21: Foliation Planes Parallel
	Slide 22
	Slide 23: Excessive Fines Mineralogy Metamorphism Fabric Garnet
	Slide 24: Five Laterally Extensive Dikes
	Slide 25
	Slide 26: Dike 1
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Collapsing Crown and Sidewalls
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50: C-5 Socket
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

