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ZaBah Why is Resource Efficient Tunneling essential?
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Let‘s have a look at the availability of mineral resources

|
Gravel spoil

© Kindig et al., 1997
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Why is Resource Efficient Tunneling essential?

m.

Example Austria: Annually, 60 % of total waste
comes from excavated materials.

Total amount of waste per year:

o 71 million tons of which

o excavated materials: 42 million tons including tunnel
excavation (7 million tons per year)

most of the materials are landfilled
or used for low-value purposes

At the same time Austria is mining 55
million tons of mineral resources per year,
which causes

o Longer transport routes

o Higher CO2 emissions

Agnculture, © Eurostat
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500 million tons construction & demolition
waste in EU per year, only 25% are recycled!
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What is our proposal? rn_
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Circular Economy:

» Less transport

» Lower CO, emissions |

» Use of recyclates with lower carbon footprint \(g
74

USE, REUSE
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Technical Aspects Geology

* Tunnel advance » Geological situation

methOd, -Iehgth, = o Chem|stry/

diameter mineralogy/ strength
 Site organisation properties of
« Material yield excavated materials

parameters « Customer
« Material analysis specifications

* Processing technology * Processability

Legal Aspects

* Ownership
* Waste law

* ENnd of waste
character

Economical Aspects

* Supply and demand
 Raw material price vs.
landfilling costs

» Transport route/ -
range to customers /
landfills
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Advantages & Disadvantages IT'.

INDUSTRY, INNOVATION
ANDINFRASTRUCTURE

Ecological
Lower CO2 emissions due to reduced
transport routes
Substitution of conventional building
materials with high CO2 emissions
Preservation of domestic resources and
landfill areas Recyclates for production of goods for everyday use & as
recycled construction materials for new buildings and

infrastructure

Creates new branches of industry & increases innovation in
the construction industry

Economical

> Lower costs due to reduced disposal &
procurement

12 Corsuen

ANDPRODUCTION Recycled building materials have lower energy input &
Increased technical and logistical

m lower carbon footprint
effort onsite

> Material characterisation 13 CLIMATE Immense savings in CO, emissions due to reduced lorry
AGTION transport, in the case of FCC approx. 450 trucks / day

» Processing

> RS SRR Landfill space is preserved. Also, topsoil serves as a CO,
storage & addresses regional biodiversity during

renaturation measures
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Typoical Reuse Scenarios

Geotechnical parameters

.

Aggregates for concrete &
shotcrete, road construction,
railways, ...

Mineralogical & chemical parameters

Substitute for secondary construction

materials

Industrial raw materials

Low carbon cement, geopolymers, raw
earth bricks, mineral wool, ...

Silica sands, magnesite,
feldspar, mica, sulfates,
clay minerals, ...
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Typical use cases of muck related to IT'-

ZaBa"A . ) .. .
requirements of dolomites in industrial processes
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Excavated material has to be tested according to the intended use based on the applicable regulations

Anforderungen an

. Ergebnis
Rohdolomit [M.-%]

Ca0 MgO Si02 Fe203 Al203 MnO SO3  |Verwertung
Roheisenerzeugung >28 >19 <4 <1,5 <0,1alsS

Stahlerzeugung >29 >19 3 <038 038 [<0002alss| |
Fiillstoff Farbenindustrie >29 >20 - <0,1 Sp.

Use in other industrial processes, e.g.

*  brick production, * metallurgical industry (steel production, etc.),
« cement production, * rock powder for improving agricultural soils,

e ceramic industry, * animal feed industry,

* refractory industry, * fillers,

e glass industry, e and many more

If there is no immediate use case feasible, please build up a secondary raw material resource!
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Mineral Classification related to the n-'.
complexity of using excavated material

Limestone I Pig Iron | Granite-Gneis-

Dolomite i Pig Iron | - iConcrete Aggregates | -
] : : Sandstone-
[ Calcium Carbide | [ ] — Glass | Micashale- | Road aggregates | [
|
| Glass | - —  Agriculture | - Basalt —Embankment material -
—{ Chemical industry | [ - QuickLime | [ ] " Railway balast | [ ]
— FGD-Sewage | | _| ]
[ Aggregates | B fo Quartz [ Ferro-Silicon | [l
—  Agriculture | |l
Clay - Kaolin [ Ceramic Industry | [l l Silicon | Il
—] Paper | I
— Cement |
— Cement | | Cement |
—___ QuickLime | [ |
Landfill deposit N [ Aggregates | [
—{ Aggregates | [ protection
- scaing =
Anhydrite Cement [] Gypsum | Plaster | attempt of
Raw material or Market / | Hard | | |
s|ag cement _| Cement | - Customer Very hard /
addition Approach | impossible | -

—Floor coating mortal [

[Jacques Burdin]
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I+v231
[examples from Koralmunnel, FCC-IS, CERN, FFG NNATT]
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S G The influence of the construction method
aB [ ° L]
Zen TR A ocno has to be considered in an early stage design
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Geogene and anthropogene
have to considered in an early stage design
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Machine equipment for the m.
material management

Robert Galler, Subsurface Engineering & ZaB - Zentrum am Berg, Montanuniversitat Leoben, Austria



ZaBsA K& Challanges: Environmental friendly
transport for reuse cases
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Quelle: OBB
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= Material Management including processing necessities r.".
°" have to be considered in an early stage design

Quelle: OBB
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Legal Aspects - Reuse and Waste classes rn_

T — Graphic representation of forecast
e 3 o, reliability and associated reuse

B o o o e and landfill classes of a tunnelling
Nomiis e ety Ve

project in phase A of the main
investigations.

100m

Reuse classes:

— » HG ... hydraulically bound aggregates

propostzin D (v ~I%-r-- ok Vo — m— e —men—ems,© U -+ hydraulically unbound aggregates
— — = DE ... disposal/landfill

= G... hazardous waste

= |P ... industrial production

* Komplexdtit wird v.a. durch Heterogenitit des (Wechsehaftigkelt, Stérmung Ei Ganggesteine, eic.) Untersuchungsdichte:
7, e pe o iy ipnhacngronn [l gering ... <5 Aufschidsse™ [] mitssi ... 5-20 Aufschidsse™ [ dicht ... > 20 AufschiGsse™
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Economical Aspects have to be studied IT'_

Parameters influencing the economic viability of
the reuse of excavation material include: Available transport routes having a major input

* Landfill taxes . - ,
* Costs for transport R o oo S X
Yesoul ! Axiech »lomch» w%\t-?mqow
i B LN >
* Processing costs ., !
B _ )
* Procurement of external building raw materials
» Sale of (processed) excavation material

* Demand is also met by local mining operations.

 Raw material processing companies have special
requirements for the material e %
\

Pontarber \

Yverdonles- Bains

e (real-time) analyses of the excavated material is ED[
necessary! P

m - - poy
i 1 Ci, s unenpely ; : Cv
* To be considered: actual transport route is / . & AT
almost always longer than radius of demand L
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A) Mineralogy

B) Thin sections under polarizing
microscope in plane parallel and
crossed polarized light

B

201

... BUT NOT enough!

250 |

351 |

408

425

Most important parameters:
= chemical composition (inorganic and o
organic components in solids and eluates |..
a well as geochemical compounds) o

" mineralogical composition of the materia  «
= geotechnical parameters of the material i

= (geogenic) contamination of the subsoil

e
26%6%

5] T
2o ,08CFe3E ?
‘-_ G nSJag gﬁcﬁgu
°'°°L%5:5~—%=~ E gmuou

e JI‘ <2mm0008mu002 £L223008a0C0 AuF SN
bl BN . | S DONNDNDRRN RO ODCROCHONNATANT

H 2 @ ® P 10 © Haas 2022

Volume (%)
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The Mining the Future Competition [orcc-is, cern m

» Innovative ideas for the reuse of excavated molasse material
» An international 10-member jury awarded points in following categories:

Technical Feasibility Social Benefits

Economic Viability Project Relevance
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Use Case KORALMTUNNEL (OBB - Austrian Federal Railways)

e 2 *33km of railway tunnels

e 8.6 Mio to of excavation material

Schacht
Leibenfeld

i
\.
‘.‘ Sl
|

\.
Erkundungsschacht N, .

Erkundungstunnel
Paierdorf

Leibenfel

— °\.\J)6~
Erkundungstunnel 42]0\/3'4,
Paierdorf 4%4,'\:14.'4,

. ) ) ) Quelle: OBB
N ¢ 2.9 Mio to were used for terrain modelling

Westoortal * 1.2 Mio to were transported out of the construction area for other use cases
L UL L lirc] * 3.0 Mio to were landfilled
Mitterpichling :
1.5 Mio to were used for concrete production

Quelle: OBB
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Reuse case production of

* segmental lining elements
using

* tunnel excavation material

'oben ‘Austrla
=
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Contaminations due to n-'.

contaminants mainly from cement-bound construction materials and
explosives, but also hydrocarbons from mineral oils originating from vehicles
used.

Contamination from explosives consist mainly of nitrite (NO,’), nitrate (NO;’)
and ammonia (NH,*).

concrete components in the excavated material cause a rise from pH values of
approx. 8.5-9.5 to 11-12.5, which can result in the mobilisation of metals.

e EPBs and slurries use detergents such as tensides and polymers,

* to support the face and

* to prevent clogging of the material on the cutters (discs, blades).
* In case such excipients are used, the ingredients should be tested in advance for any
negative effects on the excavated material and groundwater. A complex processing of the
excavated material is necessary in case.
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Technical Aspects - Logistics IT'_

= An essential point in reusing of tunnel excavation is the waste-character of the material.

= The waste chemical analyses required as a result cannot be carried out directly at the construction site,
but only in external laboratories, which takes several days.

= Due to the high rate of excavation of up to 10 meters per day, the material has to be stored in interim
landfills until the laboratory analyses are available.

= an online-analysis in terms of quality control directly at the conveyor belt, could significantly reduce the
time between sampling and test result.

= An additional possibility would be not to declare areas for interim storage as landfills (in Austria after 3
years), but to define them as secondary raw material deposits.

= care must be taken that material from different lithologies or mass flows is not mixed in order to ensure
purity of the material.
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Geotechnical
Parameters of ...

UCS

Brazlian Tensile Strength
CERCHAR Test

Point Load Test

LCPC Test

Requested parameters

Geochemical & Mineralogical
Petrophysical Parameters of ...
Parameters of ...

Eluate Analyses XRD

Water absorption XRF

Porosity, Permeability ICP-MS

Density Optical Microscopy
Carbon content

Shear wave velocity
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Material Identification Al - deep Material Application

learning
Mlneralogy by RAMAN concrete/

M A shotcrete ’\g

Chemistry by LIBS Grain size & shape, ; low carbct)n ( On Site, filling
volume flow, chemistry T | cemen material
i 7 A |1 ~Jb .
I |

I ty (a.u.)

A7 by HYPER SPECTRAL ' s geopolymers earing stratum
IMAGING

clinker

renaturation :
ff Site bricks

@@m
/ agriculture mineral wool

o '
Q U filling material

Which data basis internal and external deep learning - real-time database - recycling
needs to be collected? parameters precision and computational power options
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LIBS - Laser-induced breakdown spectroscopy n"_
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Resource efficient tunneling - pros & cons IT'_

Advantages Risk

self-sufficiency
construction site

nsubsoil risk"
Aggregate quality

Logistic:
o prOCeSSing n.‘uSt
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