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Project Overview
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Scope of Work

•TBM excavation of ~25,000 linear feet of hard 

rock tunnel to 23’ 2” diameter at depths of ~750’



Robbins 235-282 HP TBM



Anticipated vs. Actual 

Penetration Rate

5.82 ft/hr

9.47 ft/hr
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Excessive Fines



Blocky Ground
Typical hard -rock

TBM chips

Deer Island



Geologic Investigations
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•Scale 1 in. = 10 ft

Queens Tunnel Mapping Program: 1998-2000





•Scale 1 in. = 10 ft

Abundant Orthogneiss and Xenoliths





Orthogneiss Intrusive Contacts



Comparative Lithologic Analysis
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Density Analysis
Density Queens Tunnel (Mean = 2.87 g/cm

3
)
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Density Analysis
Mean

Low High Density

Granite 2.516 2.809 2.667

Diorite 2.721 2.960 2.839

Gabbro 2.850 3.120 2.976

QT Mean = 2.87 (Dioritic Rock Mass)

From: Clark (1966, p. 20)



Unexpected High Garnet Content

Increased density and abrasivity of rock mass



4-20

BrocksõGeochemicalInvestigations

¸ Major elements, trace elements, rare earth elements (REE)

Fig. B5 - Contrasting Geochemical Traits: 

i. Fordham vs "Hartland I" and Related Mafic to Mesocratic Rocks
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Queens Tunnel

Fordham Gneiss

“Hartland I” and Related Rocks



1.0 Ga U/Pb Geochronologic Analysis

Age dating verified

 Fordham vs. 

Hartland

Station 9+45

Station 68+15
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Anhydrous, high -pressure granulite facies metamorphism
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Early granulites survived amphibolite grade retrogression
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Early granulites survived late biotite retrogression



Granulite textures survived complex metamorphic history

Creates ñtoughò, anhydrous rock mass



Rhyodacite Dike Swarm







Collapsing Crown and Sidewalls

Loose rhyodacite blocks



Summary – QT Low Penetration

•Queens Tunnel: Fordham, not Hartland

–Weakly foliated near-isotropic orthogneiss rock mass

–Tougher, much older deep-seated granulite terrane

–More highly metamorphosed and structurally complex 
than the Hartland

–Decreased TBM penetration rate the result of tougher 
Fordham rock

•Collapsing face, crown, and sidewalls forced 
installation of additional support because of:

–Massive ground cut by >300 fractured (faulted) zones

–Rhyodacite cooling fracture pattern and contact effects

–Broad zones of subhorizontal fabrics and shear zones



HERRENKNECHT TBM 

ADVERTISEMENT



Extra Slides
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•Petrographic Analysis (92 Samples)

–Texture

–Mineralogy

–Internal Structure

–Metamorphism

Types of Studies Conducted

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

Petrographic Data Sheet

Thin section photomicrograph
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