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Avg. TBM Penetration Rate (ft/hr)

Anticipated vs. Actual
Penetration Rate
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13400 Orthogneiss Intrusive Contacts
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Comparative Lithologic Analysis

O Alignment Borings

H Queens Tunnel Complex

Granitic Gneiss ~ Pegmatite ~~ Mafic to Meso
Gneiss/Schist
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Density (g/cm 3)
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Density Analysis

Mean
Low Density

Granite 2.516 2.809 2.067
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)
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- . 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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1.0 Ga U/Pb Geochronologic Analysis
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Summary — QT Low Penetration

* Queens Tunnel: Fordham, not Hartland
— Weakly foliated nearsotropic orthogneiss rock mass
— Tougher, much older deegeated granulite terrane

— More highly metamorphosed and structurally comple;
than the Hartland

— Decreased TBM penetration rate the result of toughe
Fordham rock

* Collapsing face, crown, and sidewalls forced
installation of additional support because of:
— Massive ground cut by >300 fractured (faulted) zone:
— Rhyodacite cooling fracture pattern and contact effec
— Broad zones of subhorizontal fabrics and shear zone



Geology

HERRENKNECHT TBM
ISEMENT

ADVERT
_Rock Does Not

Geology

Equal Rock

At Herrenknecht, maximum tunnelling performance and the

greatest possible safety are the ultimate goals for the

development of tunnelling machines. Expert analysis of the

geological conditions result in a “tailored hard rock machine”.

Whether it is solid rock, abrasive rock or rock
under high pressure, weathered transition
zones with high ground water pressure or ca-
verns, the variety of the geological conditions
in a planned tunnel route is virtually unlimi-

ted. At Herrenknecht, the geological analysis

All Experts On One Team

The excavation process in hard rock takes
place in the peak state of the shear and com-
pression resistance as well as tensile strengths
of the rock. At the same time, the best possi-

ble tunnelling performance has to be achieved.

of the ground conditions is always taken into
consideration in the machine design. Cutters
and cutterhead are ideally adapted to the va-
tying degrees of hardness and abrasion in se-

dimentary, metamorphic of igneous rock

At Herrenknecht, a team of internal specialists
from the disciplines of rock mechanics, me-
chanical engineering and process technology
find the optimum project solution for develo-

ping the machine design.

Mechanical rock excovation is con-
fronted by rock with vorying degrees
of hordness, e.9. with extremely hard
gneiss (top left] and gronite (top right),
medium hard mica schist (center left),
breccia (center right) and claystone
(bottom left] os W(:" as limestone
(bottom right).

The formation of each mountain range
s unique. Lotschberg in Switzeriand con-
sists of o wide variety of rock formations
along the tunnel route. Herrenknecht
supplied two single gripper machines

(0 9.43 m), which enable mechanicol
rock stabilization as close as 4.2 m
behind the cutterheod.
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Extra Shides



Anticipated vs. AG

Cost without Overhead (millions)

$92 M Over
Budcet

Budgeted Cost Actual Job Cost



Types of Studies Conducted

 Petrographic Analysis (92 Samples)}__

Texture

Mineralogy

Metamorphism

Internal Structure
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