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'"VMM 4QFFE "IFBE

Manfred Konig
.JOJOH BOE SBX NBUFSJBMT BSF WJUBM GPS JOEVTUSJBM WBNKN F#D $FBWQI PBOT EFERVUSIFENB OJOH

DPNJOH VOEFS JODSFBTJOH BUUBDL CFDBVTF PG JUT FOWJS

BTTPDJBUFE XJUI JU NJOJOH XIJDI JT UIF QSIJNBSZ NFRUIPE
TBCMF GPS VT m XIFSFBT SFDZDMJOH BOE UIF DJSDVMBS FD

P ONFNBOEZMC BN B D NR B 0 Q J'EBW BIOR
PGIQBPEVMBYYHIPOTUITOB SSIFMBUYOT
> OJFONPM Vi 5 M 1S FSRIEH AU 2 Orip B8 D B0 H E.

OFWFS QSPWJEF UIF DPNQMFUF BOTXFS " NPSF SFHJPOBMM|Z 'df@f#WFB%J %%%ﬂh@uwﬂ@%@(“ BRMEIL
UJPO DPNCJOFE XJUIl NPSF TVTUBJOBCMF TPMVUJPOT UIBU 10'[59§5 3! F“’ﬂﬂﬁb’lé’j’@@nﬁ% PWER e
B QMBUGPSN GPS NFFUJOH PVS SFTPVSDF SFRVJSFNFOUT X[IJMEMBF ®© B YBNEYEaNF LFFQJIOH U
NFOUBM JNQBDU UP B NJOJNVN

Q IlUUQT ICU HSPVQ DP
.JOJOH r &DPOPNZ r $POTUSVDUJPO JOEVTUSZ r 3BX NBUFSJBMT r 3FDZDMJOH r 4VQQMJIFS JOEV
/INCZ r '"VUVSF

Holistic life-cycle Management leads to more sustainable Construction
of Retaining Structures against natural Hazards

Eva-Maria Berns

)PMJTUJD MJGF DZDMF NBOBHFNFOU PG SFUBJOJOH TUSVDUVSFT XI1JDI QSPUFDU BHBJOTU OBU
OFHMFDUJOH UIF TBGFUZ PG JOGSBTUSVDUVSF SFTJEFOUJBM BSFBT BOE IVNBO MJGF

(FPUFDIOJDT r /BUVSBM IB[BSETOJOBIJODUSOVBODEFET 3FBRIDPOTUSVDUJPO r *OTQFDUJPO r $POTFSW
%VSBCIJMJIUZ r 4FSWJDF MJGF r 4BGFUZ

(GEOTECHNICAPRODUCTNEWS

Collaboration leads to groundbreaking Recycling of Geotextiles
Gijs Groen

*O B QZMPO QSPKFDU JO UIF /FUIFSMBOET B HPPE DPMMBCPSBUJPO CFUXFFO UIF QSPKFDU QBS
VOEFS UFNQPSBSZ TJUF BDDFTT SPBET

(FPUFDIOJDT r 4VTUBJOBCJIJMJUZ r (FPTZOUIFUJDT>r (FPUFYUJMF r 5SFNQPSBSZ SPBET r 3FDZDMJ

41BQJOH UIF 'VUVSF

Amit Varma and Max Zimmermann

*O BO FYDMVTIJWF JOUFSWJFX "NJU 7BSNB GSPN #SBJOUPZ BOE .BY ;JNNFSNBOO GSPN UIF 'SB
UIF "* 4-". QSPKFDU (FSNBOT BOE $BOBEJBOT IBWF UFBNFE VQ JO B KPJOU QSPKFDU-UP SFWPN
HPSJUINT GSPN UIF AFME PG BSUJADJBM JOUFMMJHFODF UZQJDBM XFBS QBSUT TVDI BT SPDL D
B QSPUFDUJWF DPBUJOH JO B TFNJ BVUPNBUFE QSPDFTT

.JOJOH r .BJOUFOBODF 3FQBJS r -BTFS UFDIOPMPHZ r "SUJADJBM JOUFMMJHFODF r %JHJUBMJT

12

17

)PX "* BOE -BTFS 5FDIOPMPHZ SFWPMVUJPOJI[F

.
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7PMVOUBSZ "DUJPOT DPOUSJCVUF UP B HSFBUFS (PPE

The GeoResources team in an interview with Antonio Nieto, President of the CECE

5/F (FP3FTPVSDFT 5FBN JOUFSWJFXFE "OUPOJF /JFUPN UPQJDBM 1SFTJEFOU PG $&$& m $PNN.
QSPWJEFE JOTJHIUT JOUP UIF NPUJWBUJPO CFIJOE UIF WPMVOUBSZ XPSL BOE UIF NBKPS DVSSHF
3FEVDJOH DBSCPO FNJTTJPOT BOE MFWFSBHJOH EJHJUBM UFDIOPMPHJFT JO DPOOFDUJPO XJUI

5VOOFMMJOH r .JOJOH r (FPUFDIOJDT r $POTUSVDUJPO r .BDIJOFSZ r -FHBDZ r 1PMJDZ r "TTPDJE
%JHIJUBMJI[BUJPO r %FDBSCPOJ[BUJPO

TUNNELLING

00 TJUF 4BGFUZ BOE )FBMUI 1SPUFDUJPO XJUI 7TFOUJMBUJPO 4VQQPS
GPS B 3BJM 6QHSBEF 1SPKFDU JO UIF #FSMJO /PSUImM4PVUI 4 #B10O 5V (
Patrick Schneider

51F JOGSBTUSVDUVSF PG UIF /PSUIm4PVUI 4 #BIO 5VOOFM JO #FSMJO XI1JDI DBSSJFT usSBJO

USBOTQPSU OFUXPSL XBT FYUFOTJWFMZ NPEFSOJTFE JO FBSMZ JO BO PQFSBUJPO UIBU XBT
TUSPOH UVOOFM XPSLGPSDF XBT QSPUFDUFE CZ BO FMBCPSBUF WFOUJMBUJPO BOE USBDLJC

5VOOFMMJOH r 5VOOFM SFOPWBUJFOIBGHFIXUFOBODFMBBPBOQMBIB TPOBM USBDLJOH r $POTUSVDL
5SBDL MBZJOH r 4 #BI1O

[TUNNELLING/ MINING

"EWBOUFD 3PBEIFBEFST NBLF B WBMVBCMF "EEJUJPO UP UIF )#5 1PSU
&TDJFOU 3PBEIFBEJOH GPS UIF .JOJOH BOE 5VOOFMMJOH 4FDUPST

HBT GmbH

51F )#5 (SPVQ IBT BDRVJSFE B TUBLF JO UIF (FSNBOZ CBTFE DPNQBOZ "EWBOUFD 5VOOFM
SPBEIFBEJOH NBDIJOFT JO JUT DPNQSFIFOTJWF SBOHF PG NJOJOH FRVJQNFOU BOE DBO IFODFG

BUFT B WBMVBCMF TZOFSHZ QPUFOUJBM BOE QSFTFOUT B OVNCFS PG EJTUJODU BEWBOUBHFT ¢
UVOOFMMJOH NBSLFUT 1SPKFDUT DVSSFOUMZ VOEFSXBZ TFSWF UP IJHIMJHIU UIF WFSTBUJMJU

.JOJOH r 5VOOFMMJOH r 3PBEIFBEJOH NBDIJOFT r .FSHFST "DRVJTJUJPOT r 4VQQMJFST

MINING / TUNNELLING/ ProDUCTNEWS

&IFDUJWF %VTU $POUSPM JO .JOJOH NFBOT TVCTUBOUJBM $PTU 4BWJ
Thorsten Koth
&i{FDUJWF EVTU DPOUSPM JO NJOJOH BOE NBUFSJBM IBOEMJOH JT FTTFOUJBM GPS DRTU TBWJO

UJWF DPOUBDU GSFF EVTU TVQQSFTTJPO TZTUFNT MJLF %VTU4DSBQF BOE "JS4DSBQF XIJDI T

SJTLT BU DPOWFZPS USBOTGFS QPJOUT 5IFTF EVSBCMF TZTUENT NJOJNJ[F NBJOUFOBODF OFFE
EFMIJWFSJOH TVCTUBOUJBM TBWJOHT

.JOJOH r 2VBSSZJOH r $POWFZJOH r FEVTUJOH>r &YQMPTJPO QSFWFOUJPO r $PTU FIDJFODZ r

4JUVBUJPO 6QEBUF PO %SJWF 4ZTUFNT GPS 5SBDLMFTT -PBEJOH BOE
JO 60EFSHSPVOE .JOJOH

Karl-Heinz Wennmohs

5SBDLMFTT MPBEJOH BOE USBOTQPSU FRVIJQNFOU GPS UIF EFFQ NJOJOH JOEVTUSZ IBT UP CFDPNI
CPOJTBUJPO QSPDFTT *U JT TUJMM OPU DMFBS BT UP IPX GVUVSF ESIJWFMJOF UFDIOPMPHJFT XJN
UP UBLF TUPDL PG UIF TJUVBUJPO BOE XJMM FYBNJOF GVUVSF EFWFMPQNFOU QSPTQFDUT PQQPE

.JOJOH r 60EFSHSPVOE NJOJOH r 5SBDLMFTT WFIJDMFT r -PBEJOH r 5SBOTQPSU r %SJWF TZTUF!
J)ZESPHFO r *OWFTUNFOU

1sBbuJDBM .PEFM "QQSPBDI GPS 3FMBUJPOTIJQ CFUXFFO 10--69 &NQ
BOE UIF 4QBUJBM 5IFSNBM 3BEJBUJPO JO %SZ 4BMU (SJU #BDLAMM
Ibrahim Alsalamin, Louis Schaarschmidt and Helmut Mischo

(FSNBOZ T OVDMFBS XBTUF SFQPTJUPSZ SFTFBSDI GPDVTFT PO TUPSJOH IJHI MFWFM SBEJPBDL
XJUITUBOE UFNQFSBUVSFT VQ UP z$ 3FDFOU TUVEJFT BU 56#"" TVHHFTU UIBU BEKVTUJOH U

FOIBODF IFBU USBOTGFS QPUFOUJBMMZ SFEVDJOH TVSGBDF JOUFSJN TUPSBHF UJNFT BOE PQU
UP WBMJEBUF UIFTF AOEJOHT BOE FYQMPSF UIFJS JNQMJDBUJPOT GPS SFQPTJUPSZ EFTJHO

.JOJOH r 3BBEJPBDUJWF XBTUF r 3FQPTJUPSZ NJOJOH>r .PEFMMJOH r SFTFBSDI

GeoResources Journal 2 | 2024
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$SMPTJOH UIF (ZQTVN (BQ 5IF 3
In a Climate-Driven Future

%JQM *OH .BSDP 1BCTUNBOO %JSFDUPS 5FDIOJDT PG ,0BVG (SPVQ /PSUI BOE

51F HZQTVN JOEVTUSZ JT GBDJO m a p re hesevarybetwee‘
MFOHF BT UIF BWBJMBCJMJUZ'® prove ecy
QSPEVDU PG DPBM ASFE QPXFS ” oo recy
EFDMJOF SBQJEMZ EVF UP DMJ r i nggypsum
(% % t e infrastruc

a?ed ecycling. A

DPOUJOVFE QSPEVDUJPO UIF ﬁ

UIJT TVQQMZ HBQ XJUI SFDZD,

SEWIE J© BIE v UJEe key objectlve is to minimize enwronmental impact by

B3FDZDMJOH r .JOJOH r (ZQTVN stra®BminN@ e Urg MpToaesses, reducing transport

3BX NBUFSJBMT TFDVSJUZ r 3F@ist&8es)and lowering water consumption threugh im
proved planning. With a series of innovative projects,

Pr years, FGD gypsum hage’re demonstrating how gypsum recycling can be suc

t

Special Topic

layed a vital role in the indusessfully implemented.
ry. Produced from gases cap For example, the Pakita project in Spain shows how

tured in emission control systemsgatpsum waste can be recycled directly on construction
coal- red power plants, it is chemicaltes. Machines separate gypsum from other compo
ly identical to natural gypsum. isnents in old plasterboard, reducing transport distances
‘technical gypsum” is especially parel CQ emissions. Similarly, in the Netherlands, we’re
and can be processed to high-stgrattnering with urban miner New Horizon to “harvest”
ards for use in building materials. @dasterboard from renovated or remodelled buildings
spite high demand, the productiaand feed it back into production. Intact boards are re
of FGD gypsum is steadily decliningcled, while damaged boards are repurposed to manu
and will soon cease altogether.  facture new products. A notable example from England

To comply with the Paris Climates a take-back system, where we collaborate with servic
Agreement, European and OECproviders to collect plasterboard waste for recycling. As
countries must phase out coal- rétbrthern Europe generally leads the way in incorporat
power by 2030. e EU’s Green Dedhg up to 30% recycled gypsum in production, we are
has identi ed coal phase-out as a w&yking intensively on the recycling of gypsum waste at
factor in achieving climate neutrality by 2030. As afuoScandinavian sites.
day, 23 European countries have announced their coim Germany, Knauf established the Gypsum Recy
mitment to phase out coal, with Germany targeting 203§ Competence Center to further drive circularity
at the latest. However, the synthetic gypsum procguaeénvironmental responsibility. It serves as a hub for
through other industrial processes is far from enougds¢arch, knowledge-sharing, and advancing gypsumn
compensate for the loss of FGD gypsum. recycling techniques. It aims to create a closed-loop sys

is transition is creating a signi cant shortfall item where waste is reclaimed, recycled, and reintegrate
gypsum supply. In response, companies like Knanfaapeoduction, rede ning the gypsum supply chain as
intensively researching alternatives, including gyastiroular ecosystem.
as a by-product from sectors like lithium battery man@Gypsum is essential for creating sustainable and
facturing and expanding recycling e orts. ese e oerdable living and workspaces, making it crucial to
complement the increasing demand for natural gypduimess the looming supply gap. Despite progress in
mining, as recycling alone will not be able to |l thelgapeld of recycling, the extraction of natural gyp
in the foreseeable future. sum remains essential for securing the supply of raw

Gypsum is an exceptional material because it caatbgals. It is important to recognize that modern
endlessly recycled, allowing it to be continuously renisedy practices are designed to operate in harmony
for the same products. However, recovering usableiglymature and the local communities. Our produc
sum from demolished buildings is complex. Conttani facilities are generally located close to the extrac
nants such as metal, adhesives, and plastics — likéisoravesas, minimizing transport routes and reducing
and silicone — o en compromise the material's panityssions.
and complicate recycling. e success of the recycling industry must balance mining with recycling,
process depends on ensuring the gypsum is as whike antinuing to innovate and prioritize environ
possible. Legal regulations also in uence the amoemial stewardship. Recycling is key to this strategy,

GeoResources Journal 2 | 2024 Pabstmann:
WWW.georesources.ne Closing the Gypsum Gap: The Role of Recycling in a Climate
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and our ongoing work to improve infrastructure, .
cover more material, and optimize processes is cri Dipl.-Ing. Marco Pabstmann
securing future supply. At the same time, collabor JT %JSFDUPS PG SFDIOPMPHZ BU UIF ,OBVG (SH
across the industry and regulatory clarity are neer &« VSPQF )F TUVEJFE HFPUFDIOJDT BU UIF 56 $
fully unlock recycling’s potential. By advancingtec NJOJOH QFUSPMFVN OBUVSBM HBT FOHJOFFSJ

i Topic

(4]
ogy, expanding recycling capacity, and fosteringe F-#" -FBEFSTIJQ )VNBO 3FTPVSDFT BU UIF S
lar approach, the gypsum industry can help meet 2VBESJHB 60JWFSTJUZ #FSMJO o
demand while reducing its environmental impact, 2
- g- P $POUBIBYDP QBCTUNBOO!LOBVG DPN
tributing to a more sustainable future for all.
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Focus on Conservation and
Extraction of Resources

%JQM *OH .BOGSFE ,00JH $IJFG &EJUPS 1VCMJTIES (FP3FTPVSDFT 7FSMBH %
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NFUIPE PG QSPEVDJOH BOZUIJ te ol
TBCMF GPS VT m XIFSFBT SFD A %
FDPOPNZ XIJMF SJHIUMZ DPOTt A E ';(é onoffossn raw
fuels have
. Professionals

OFWFS QSPWJEF UIF DPNQMFU t&i)
HIJPOBMMZ CBTFE BQQSPBDI-UP%J t ’P
UJPO DPNCJOFE XJUI NPSF T nl? ‘
UIBU JODPSQPSBUF UFDIOJDB |@g? gt er‘—j%r Clt:t['heeypgfg

B QMBUGPSN GPS NFFUJOH PV ok Al g&\) ':} mlnlng
XIJMF BU UIF TBNF UINF LFFQ o%e) 0

SE IS A BIEE MO ‘Mining is the exploration, development, extrac

.JOJOH r &DPOPNZ r $POTUSYVD tiahPa0d peESgsing Zmineral resources — even if

3BX NBUFSJBMT r 3FDZDMJOH rths\vsnQiwidass exrectingsstAram sea water!
/[INCZ r 'VUVSF

is de nition comes from the famous Leoben Profes

Raw materials are the rst element in every industiiabf Mining Giinther B. Fettweis, who told it to me a
value chain. Human life would be inconceivable \étln years before his death.

out them. Houses, roads, tunnels, means of transportAfsoogle search of the topic ‘Everything is nothing
all kinds and even entertainment media — none of tigsaut mining’ soon serves up most of the arguments

would exist without raw materials. for and against. If you are honest, you will not be able

to fully contest all these arguments and counter argu
Raw materials — ments. Yet neither are they all completely correct — no
reality and public perception matter from which side of the argument you approach

the subject. So, | should like here to try to put things
Back in the old days people knew that without mimtaggsome kind of order. May | be forgiven for present
all is nothing. Miners and others too put this mereisgcthis in a subjective way — but the facts as they are
cinctly: cannot be anything but subjective.

‘If you cannot grow it you have to mine it.
Public acceptance of primary production

People saw the mining industry as a source of emg®yallen
ment. In the mining regions of Germany, as in the Brit
ish Midlands, in the Americas and Africa, in Australia
and Asia, fossil resources were drivers of technologgtarsinote: the public’'s readiness to accept the mining
of economic growth. ey provided reliable energyiodustry has declined, despite the latter’s indispensable
the doorstep and enabled the manufacture of steebatribution to raw materials production. Agriculture
concrete. Mining was the guarantee for a functicemitgmining are the foundation of every civilisation, as
industrial value chain. shown by developments from the Stone Age and the use

Mining provided the focal point for all kinds aff int tools, through the Copper and Bronze Ages to
knowledge landscapes to develop: Georgius Agticelérsn Age and our modern-day world. e impor
De re Metallica libri Xtiad already become a scientiance of metals, and hence the vital role that mining
bestseller of international reputation by theetiu has played, is clearly re ected in these phases of humal
ry, while Carlowitz (1645 — 1714), a mining adminigilisation whose names have become so familiar to all
trator from Freiberg in Saxony, Germany, is recogoised No building and no technology of any kind is pos
as having established the principle of sustainabilitgiaie without raw materials; and people can never eat
it should not be forgotten, the world’'s oldest minirinout sowing and harvesting rst.

GeoResources Journal 2 | 2024 Koénig:
www.georesources.net Focus on Conservation and Extraction of Re:
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However, the growing demand for resources is Admost all the raw materials that are needed by the
burden on the environment and the climate. is hamstruction industry can be obtained in Germany —
created a dilemma: mining ensures our existencanatiney are of the appropriate type and available in the
prosperity and our economic strength; agricukureyeantities required. Natural stone, clays, gravel, sand,
sures our global food supplies. At the same timdime&one, gypsum and salts — collectively referred-to as
obvious that we have long been exceeding the cégythgand stone’ and industrial minerals — are all mined
capacity of Mother Earth — the resulting climate chaege and as such they protect supply chains and jobs,
is now posing a real threat to humankind and the padvide resource security with e ective environmental
ral world and will ultimately jeopardise our econamoaitoring and make for short transport distances,
systems too. ‘Keep on with the same’ is no longer tareigby reducing energy consumption. Germany still

tion. has around four thousand mines [2] ... and there is
nothing wrong with that!
How do we do things di erently? ere are also various critical raw materials that
can be mined here in Germany. It all comes down to
Abandon the mining industry — the price on the world market, the available produc
key to the solution? tion technology and the need to secure supply chains.

In fact, work has already started on the rst new home
However, is renouncing and condemning primary Ipaised lithium and copper mines.
duction as far as mining and even agriculture is con
cerned really such a brilliant idea? | think not. In 8agiplier and service industry
case it all comes down ‘how’ it is done. From -a profes
sional standpoint it is naturally the mining industryGermany we have an active and innovative supplier
that | shall be considering here. According to Gurthdrservice industry that as well as providing the do
B. Fettweis, when it comes to mining we really nemdgtic mining sector with machinery, equipment and
take a close look at what mining products are. Amgaral processing plant also supports the glebal min
veys of this kind are o en done by telephone | couldgdndustry by supplying durable and technologically
this in the following way: advanced products and services, thereby helping it to
operate more e ciently and in a more environmentally
Look up for a moment — what do you see? sustainable way at international level.
A ceiling. What is it made of ? Concrete. And what
is concrete? Sand and gravel, limestone, watétemytling and the circular economy —
iron. Right — and where do these materials agpportunities and limitations
from? From gravel pits, stone quarries and metal
mines. Mining is gradually being replaced by the circutar econ
Look straight ahead — what do you see? omy — a captivating idea in a perfect world: all raw mate
A window. What is the window frame made fram® are simply re-used and we no longer need a mining
Plastic. And the pane? Glass. Good. Now plasiicdasiry!
mineral oil product, the frame is of aluminium ande term ‘circular economy’ — now so frequently
the pane is made from quartz (sand), feldspausedby politicians and self-proclaimed raw material ex
ux. perts — suggests that natural resources can be endlessly
recycled so that we can dispense with mining altogether.
You can go on almost forever like this — looking davgmpwing number of people believe this and openly af
looking right, looking le — and you can even look outit. But are things really as simple as this? e reality
of the window! With very few exceptions our marnn fact quite di erent.
made world consists of mineral raw materials, all @ne thing is certain: recycling (urban mining) is
them obtained by means of mining in some form amgoortant and it will help us to reduce our raw-materi
other. And in the years ahead recycling and urbaralsiconsumption quite signi cantly both now and in the

ing will also have an important role to play. years to come. Recycling must be increasingly promoted
and accelerated and legislation is needed to develop the
Germany — a resource-rich country? opportunities available for the recycling and reprocess

ing of waste material. e miners — or should we say the
We in Germany have had some outrageous luclpratlessors — can then bring their industrial processes to
have been richly endowed with coal and lignite. b&ad in order to turn waste back into raw material.
shale gas is also very much part of the picture. Whild/iining and recycling (urban mining) can be seen as
is currently being imported from overseas it coulgparsof the same story. To quote from the online circular
as well be extracted domestically and in so doingceeany platform Circulania [3]: ‘Where possible, eve
20 to 30% of the energy [1]. We also used to havergcaggslier of primary raw materials should take respon
to large quantities of metals. However, metal minisigiigy for the secondary raw materials that result from
simply too expensive from today’s perspective.  his ‘mineral competence’. Ideally this will create hybrid

Konig: GeoResources Journal 2 | 2024
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materials. Take the example of limestone and ste¢inséage compounds identi ed in this way can then

the slag is limestone that has been in contact withb&td@ebted to determine their suitability as catalysts for

It therefore contains a small amount of ‘impuritieg€hiemical processes such as hydrogen generation and tf

the form of iron, sulphur and/or phosphorus. It comanufacture of green fuel. Back in the day, how long did

be taken back to the lime works by the empty wagmhave to wait for suitable catalyst technology-for com

and then processed for other purposes rather thanbusitign engines?

primary limestone’. Renewable energies, sensor technology, big data an
But recycling alone cannot replace the mininglydics and Al will all help to make mining more energy

raw materials: e cient, more safe and more commercially viable.
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In order to recycle raw materials it is essential @an mining be made

have waste products availalfigou want to build environmentally friendly?

a house do you have to demolish another one rst?

Apart from the energy expenditure that is requifede really need the products of the mining industry
where then do we get the new living space tha should be prepared to venture into regioral min
clearly and urgently needed? ing projects in those areas that have the raw materials
Technical feasibility:e recycling of raw mate we need — whether this be in Germany, in Europe or
rials results in technical losses. ese are basexdsewhere around the world. Regional raw materials ex
the existing technology, on one hand, and aldmciion o ers an environment-friendly and sustainable
the operating e ciency of the process, on the otilrnative to global supply chains. is will reduce the
Were we to abandon growth altogether and simpdd for energy-intensive shipments around the world.
avoid going backwards then we would have tdRedional production can help alleviate supply-chain
some way to o set these losses. and delivery problems and in this respect can deliver
Backlog demandLiving standards and therefoezonomic bene ts too. Let us not forget that Europe has
resource consumption have for centuries beeputisomestic raw materials production on the to-do list
tributed very unequally around the globe. If wé¢4dloWe in Europe will not survive if we do not secure
not want to block the aspirations of the worddisl safequard our access to raw materials. is means
growing middle-class then we will have to raisagrsimply buying up raw materials from all around the
mary production levels accordingly. world the NIMBY approach and refusing to take
Population growth: e world’s expanding popu our own indigenous resource base into account. is
lation means that primary production cannet stoncept could certainly be applied in Germany but it
ply be put into cold storage. Even these ‘new patgadiolds good for every European and Western nation
are entitled to a life that is worth living. and indeed could work all over the world. We simply
Disruptive technical development®ne example need to rethink our policy of depriving other cultures of
of this is the transition to renewable energies.thisir raw materials without ourselves being prepared to
has led to a huge increase in the demand for cdjgpep, our own raw materials.

cobalt, lithium and many other raw materials tooln Germany the mining industry has developed
is cannot be met by recycling alone. A er all, ybighly advanced concepts for environmental protection
cannot transform old gas pipes into copper waimg) land recultivation. Even before initial approval is
for electricity conduction. We have still to nd thgiven for a new mining and mineral extraction project

particular philosopher’s stone. plans have to be submitted that set out in detail exactly
what is to happen aer the installation has been de
Technical progress is creating commissioned. Old opencast mining sites are-now be
new opportunities for sustainability ing converted to other uses, for example as leisure anc

recreation areas, while some have also been restored f
Renewable energies will become ever better-at thpiaoriginal status (agricultural and forestry) or are re
ing fossil fuels. Hydrogen and its derivatives, stoedigred and transformed into nature reserves of excep
batteries, hydroelectric power stations and the-getithel quality.
mal sector will provide bu er storage capacity-and eh am convinced that regionally based raw- materi
able peak load balancing for heat and electricity salppdxtraction will experience an environment-friendly
systems. e circular economy and recycling will lrelpaissance. ose whose eyes are open cannot fail to
make raw material supplies more sustainable and se@duttee messages coming from German and Europeal
resource consumption levels. policy makers to the e ect that real e orts are already

New and innovative techniques, such as the ussngf made in this area [5].

Al and new mining methods (e.g. bacterial leaching
and mining robots), can and will greatly reduce th&ransparency versus NIMBYism
vironmental impact of the mining industry. Take one
example: Al can now be used to calculate hundrédsfof those of us from the resource-producing, recy
thousands of chemical compounds within a very sliogt and downstream industries, we have to be pre

GeoResources Journal 2 | 2024 Koénig:
WWW.georesources.ne Focus on Conservation and Extraction of Re:
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pared to communicate more than ever before theat kitter pills to swallow. For the good of all — and the
functional resource base is essential if we are tdemskeof our environment.
a success of the energy transition. We have to be much
better at convincing the public that regional raw mast of sources and recommended reads:
rial production and local recycling — no matter where
you are in the world — are absolutely practicable hil®ress release from the KIT, Karlsruhe Institute -of Tech
also being more energy e cient and more environmentnology, Karlsruhe.
friendly. What is more, they provide economic- oppor Online:https://www.georesources.net/cms.php/de/
tunities and create jobs. news/719/Modernes-Fracking-laut-KIT-absolut-
While this of course does not apply equally to allvertretbar
raw materials, those local deposits that can usefidly lReport on Germany’s raw material situation in 2022.
extracted should not be sacri ced to the NIMBYism Federal Institute for Geosciences and Natural Resources
that still widely prevails in various small-minded and(BGR), Hanover.
egoistic circles. e right balance between personal freeOnline:https://www.bgr.bund.de/DE/ emen/Min_
dom, the needs of society and the environment now hashsto e/Produkte/produkte_node.html
to be brought back into focus. Given the changes tf&tdiéace-to-face talk with Claus Pels Leusden, co-founder of
ahead of us this means: Circulania, e concept behind Circulania.
Online:www.circulania.com
Continuing with the regional mining and recycliafy European Raw Materials Alliance (ERMA)
of raw materials to the extent that this is feasibleOnline:https:/eitrawmaterials.eu/ nance-
necessary and environmentally sustainable. fundraising/european-raw-materials-alliance-erma
Accepting a degree of transitional damage to ttjg]erGermany’s natural riches — a documentary about Ger
vironment as a result of the need for raw materialsnany’s raw materials on ZDF info — video recommenda
extraction. tion
Balancing the rate at which the energy and heaOnline:https://www.georesources.net/cms.php/
transition is implemented across regions and ovete/news/1569/Deutschlands-Schaetze-Doku-
time so that industry and private citizens can keepieber-Deutschlands-Rohsto e-auf-ZDF-info-
up and jobs and property are not jeopardised. Videoempfehlung
Providing political support for the required-meas
ures by way of sound, plannable decision making.
Taking account of climate change, reducing *--
threat to our environment and protecting the la Dipl.-Ing.
as the basis of our existence. Manfred Kénig
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is will serve to debunk the one-sided attitudes t|
are all too prevalent in the daily debate. Our-co
ued survival will depend on whether all these di €
interests can be taken into consideration and se
compromises adopted. And at the same time we
realise something:

A compromise only works when everyone i
volved gets hit equally hard.

In today’s society this basic fact of life seems tc
become increasingly sidelined. A sensible compi
means that everyone of us has to accept that the

Konig: GeoResources Journal 2 | 2024
Focus on Conservation and Extraction of Resources www.georesources.net
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Holistic life-cycle management of retaining struc
tures which protect against natural hazards-in
creases sustainability and conserves resources
without neglecting the safety of infrastructure,
residential areas and human life.

(FPUFDIOJDT r /IBUVSBM IB[BSE
3FUBJOJOH TUSVDUVSFT r /EX D
*OTQFDUJPO r $POTFSWBUJPO
4VTUBJOBCJIJMJUZ r %VSBCJMJU

Introduction

e construction of structures protecting againstna
ral hazards has been ongoing in Germany and
for the past six decades. ey provide important pro
tion for infrastructure [1], residential areas and hu
life. By de nition, these are structures which pro
against natural hazards, such as:

Rockfall

Block impact

Ice impact

Landslides

Avalanches

Debris ow

Hazards in underground cavities
intended for permanent use

At the time of construction, the retaining structure
not subjected to any loading. As the systems uhdlEr Structure inspection of rock netting at

went development from simple auxiliary constructions ~ Veldenstein Castle in Bavaria in southern

to specialised technical systems, requirements on their G€rmany

serviceability were introduced [2]. e European Di

rective and national regulations govern the qualityeeer in order to guarantee their durability and safety,
use of the systems. In recent years, there has alsmbigernng of the systems is very rel&ignt)( Due

an increased awareness of the need to maintaintsafetyeasing damage to existing safety structures and
structures in good condition. Sustainable decisionmigk capital expenditure on new structures for- protec
ing and construction have become a task for socigip against natural hazards, structural inspections and
a whole, since the construction industry consumesantrols are becoming more and more important. In the
siderable resources and also generates signi eanpashisuch structures were o en not included in exist

sions. ing registers of structures and protective structures, as
their structure type is clearly di erent to that of civil-
Safety through Inspection engineering structures such as bridges, tunnels, trough:s

and retaining structures, which fall under DIN 1076
Until now, cities, municipalities, road construction [8u 4]. Even today, some systems are still not recorded
thorities and other owners have provided no clear the register so that regular inspections and mainte
standardised regulations for the inspection and manice of the systems in accordance with DIN 1076 may
toring of safety structures against natural hazards.t¢oamitted.

GeoResources Journal 2 | 2024 Berns:
www.georesources.net Holistic life-cycle Management leads to more sustainable Construction of Retaining Structur
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In recent years, dierent concepts for the- marfithe old structures are so badly damaged that they are
toring of safety structures have been introducedhatianger functional. Some of these structures, however,
national leveG andL [5] have still have well-preserved supports, for example, so that
already focussed on structure inspection from thetimeyn do not have to be completely replaced. Instead,
ufacturer's point of view. System manufacturers anthalsetting can be renewed.(d. is reduces repair
authorities, such as the Bavarian State Construotists and conserves resources. In such cases, it is also
Administration [6], have recently introduced a conéegpful if the structures have been recorded in-the reg
for the monitoring of safety structures. e programimger of structures or protective structures a er eomple
comprises a recurring three-stage monitoring cotioapif construction. e entry includes structure plans
with observation, inspection, and testing; each-stag#hrspeci ¢ details of the retaining systems and anchor
creases in monitoring intensity. e position of ‘expkenigths, which help the experts to assess the condition
for retaining structures’ was thus introduced for-thefrthe system and the measures required.
plementation of the monitoring concept and other en
gineering geological assessments. e requirementofeg Service Life of Retaining Structures
this quali cation include, in addition to study and job-
speci ¢ conditions with relevant references in the Stigtainable Planning and Construction
of georisks (expert reports and planning), participation
in training as a rope access technician and participiatiegver, the concept of sustainability should not just
in a course organised by the Bavarian State Corstgin with the inspection of the structure, but should
tion Administration. e concept has recently bestart with the construction of new safety structures.
extended to other federal states. e inspections areitongevity of the systems and the balance sheet of
tended to ensure the safety of infrastructure, residemtissions during production and installation should be
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areas and human life. considered in the planning phase, because of their rel
evance when systems are selected in municipalities with

Conserving Resources through the goal of climate neutrality. With the help of detailed

Inspection geotechnical appraisals and realistic risk evaluations, an

chor lengths and structure dimensions can be designed

An increase in resource-conserving thinking andothe as small as possible while maintaining the required
desire of cities and local authorities to become cligadgy level; they are thus planned and executed as re
neutral are also increasing the awareness of the Iseneds-e ciently as possible for the intended service
of structure inspection. e durability of the safety dyfe. In particular, a reduction in the use of conventional
tems can be signi cantly improved by regular- inguecrete and the use of climate-friendly concretes and
tions. In the event of minor damage, for example, @aments play a key role in reducingo@lénce. e
ponents can be replaced before major damage leagsited level of safety and a long service life can only be
the entire protection system having to be replacedgyuaranteed if the workmanship is technically awless.
requires experts with an understanding of the funtidependent construction supervision on behalf of the
of the individual components and their e ect on dfient during the construction of the safety structures
overall system. One source of suggestions for thayssa decisive role in ensuring the quality of permanent
sessment methodology is the manufacturer, andstiiesy systems. For cost reasons, during the construction
proposals can serve as a guideline for structure inspec
tion [7]. e current target service life of the safig
structures is around 50 years. Regular inspectiof
guarantee and possibly extend the service life.

When the structure is inspectéd. (1), damage
can be categorised by the experts according to th
tion of the components. If, for example, a supporti
ble of a rockfall-protection fence has been dama @
has failed during a rockfall event, the componentiss
be replaced because the overall function of the StigNS!
is impaired as a result. If it is not replaced, furthe
fall can lead to greater damage and total failure
system. is would result in a considerable safety;*
and increased costs for replacement of the who;
tem, which would also have a negative impact o
tainability. :

During structure inspection, “self-designed* 31@%
tures built by gardening and landscaping comp= =i” : &% i
from the 1970s and 1980s are also frequently- encoun Refurblshment of the structure — supports from the 1980s with new
tered. Due to a lack of maintenance and servicing, many netting

Berns: GeoResources Journal 2 | 2024
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"JH  Netting fully integrated into the tree trunk '"JH  Fallen foundation of a former palisade wall

phase there is o en only self-monitoring by suppfiave a positive e ect on the slope surface and stability,
and contractors and/or monitoring by an inadequdtetydamage to the mesh cannot be ruled out.
competent local construction supervisor. e eonse
quence is that construction defects are only discdd@@gcling when Structures
late or not at all. is subsequently leads to signi cegguire Replacement
follow-up costs for the recti cation of defects and major
damage, which are only discovered, for example, Hoviryer, if the replacement of safety structures is una
later structure inspections or when damage occursoidable, an attempt should be made to remove the
Furthermore, maintenance and inspection conaepssing, outdated structures from the embankments/
should be developed during the planning and dew&tgges. Dismantling not only promotes the durability
ment phase which regulate the inspections duringfttie new systems, but also enables material that is nc
operating phase for the entire life cycle. Suppleméotasr required to be recycled. e safety structures are
systems for remote monitoring of the safety struatuaele mainly of steel, which can be returned to the cy
such as GUARD from Geobrugg [8] can also be uselé faia scrap dealers and recoverers. Regulations on th
this purpose. Such systems can record not only ingreervation of natural resources and the protection of
events, but also rope forces that allow conclusionpémplke and the environment were already set out in the
drawn about the degree of lling of rockfall protect@ircular Economy Act of 2012. If old structures remain
fences. If additional data such as corrosion, temparaplaee, rusting components can also come into contact
and humidity are documented, they allow conclusidthsnew, ZnAl-coated system components and cause
to be drawn about the progression of componentcootact corrosion. is can signi cantly reduce the du
rosion and help to better schedule inspection interaaifity of the new systems.
As early as in the planning phase, the use of monitoringthe past, short anchoring lengths were e en se
systems should be adapted to local boundary conditided for old rockfall protection structures so that, for
such as event frequency and intensity, and to the @bjactple, support foundations for interception fences

to be protected. with damaged or dismantled mesh panels are at risk of
falling Fig. 4. ese o en remain in the terrain when
Sustainable Care and Maintenance new replacement structures are built, and are not re

moved for cost reasons. However, progressive erosior
Other important factors for the durability of the sygposes the foundations and short anchors, further in
tems are the regular clearing of vegetation and nmamdsing the risk of falling.
nance of the structure. Successful structure inspection
requires unrestricted access to the structure. is is Bré¢ts on Infrastructure
possible if ingrowing vegetation has been pruned in
good timeKig. 9. Vegetation, especially woody plargse ect on the existing infrastructure should also not
is able to integrate a covering net completely inteeitseglected. e protective structures are generally
trunk (Fig. 3. Without pruning, the exibility anderected to protect road and rail trac and local resi
thus the functionality of the system are consideraldignés. e construction work involved — whether new
stricted. Windthrow from trees which have establisioedtruction, replacement construction or renovation —
themselves can also cause damage to safety stigcissstiated with road closures. A ected residents and
Where a covering net is in close contact with-theusers of the infrastructure therefore have to aecept de
face, growth of woody plants leads to further looséming and be prepared for further inconveniences such
due to root pressure, especially on rocky slopes.ds thust and noise. Structure inspections can reduce the
case of soil slopes, however, grass and shrubs tapaalson infrastructure if minor defects are recti ed

GeoResources Journal 2 | 2024 Berns:
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more quickly. O en, only short closures — or none attures against natural Hazards. GeoResources Journal
all — are required here, whereas signi cantly longer cor{1-2022), pp. 9-10. Online:
struction times and more serious impacts on tra ¢ arehttps://www.georesources.net/download/
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or regular inspections, right through to any repairs reA8DC783D&form=PCF557&conlogo=CT3210127
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Collaboration leads to groundbreaking
Recycling of Geotextiles
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Solmax, TenneT, and SWITCH (a consortium con
ing of Strukton, Mobilis, and Oosterhof Holman) h®*
collaborated to successfully recycled geotextile gk
in the construction of new high-voltage pylons ins
Netherlands. is partnership marks a signi cant &

vancement in sustainable construction and waste Man o, JTBTTENCMJIOH UIF UFNQPSBSZ BDDFTT SPBI
agement in geotextiles. QSPKFDU

About the Project

e pylon project in the Netherlands used 500,000 §

(598,000 v of MIRAFI® HMi geotextile as a se

tion and stabilization layer beneath temporary

roads during the SWITCH project’s installation

high-voltage pylons. is material choice reduced !

amount of sand needed by 50 % compared to usir

a separation layer without a stabilization geotexti

decreased the environmental and community impact oy

minimizing transportation trips. "JH .*3"'* (FPMPO ).J HFPUFYUJMF SFDMBJNFE BC
A er the installation of the high-voltage pylons, the

challenge was to recycle material used in the contr&multaneously, SWITCH focused on the logisti

tion of the temporary access roads. e geotextileahaspects, devising methods for e ciently collecting

particular proved to be challenging to recycle as @ndasansporting the used geotextile from the eld to

contaminated with soil and sand particles. No exiSthmax’s partner recycling faciitys( 1 and)2 is

process could e ciently handle the high soil contemblved careful planning to minimize any additional

rough collaborative e ort and innovative thinkingenvironmental impact during the transport phase.

a process was developed that could clean and recyleechnical challenge was particularly daunting

the geotextile, transforming it into polypropylene geé to the nature of the geotextile’s contamination. Soil

lets for reuse in Solmax production, thus supportpaytecles embedded in the fabric posed a signi eant hur

circular economy model. dle. rough a series of pilot-scale trials, the team devel
oped a method that involved agitation and sedimenta
Collaborative Development Process tion techniques to dislodge and separate the soil from

the geotextile bers e ectiveiyg( 3. Once the ma
e collaboration’s success hinged on integrating \tarial was su ciently clean, it was processed into poly
ous technical innovations spearheaded by each partpsttene granules, suitable for reintroduction into the
characterized by an open exchange of ideas and cpradhuction cycle of new geosynthetic mateigal.
ous adaptation of methodologies. Solmax took the lead
in developing a specialized process to clean and @gyclesions
the geotextile. is process involved multiple stages of
cleaning to ensure the removal of soil particles wiSewaes Huvenaars, Project Manager at TenneT, high
damaging the integrity of the geotextile bers. lighted the broader implications of this collaboration:

Groen: GeoResources Journal 2 | 2024
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"JH 5SBOTGPSNBUJPO PG SFDZD'NHE HFRMWHAULI KRB HOBRFPFREFKMSPN SFDZDMFE HFPUFYU
MFUT GPS SFVTF OFX HFPTZOUIFUJD QSPEVDUT

“ e fact that we are now recycling the geotextile oprahgces: We share a great responsibility to develop so
380 kV connection Vierverlaten-Eemshaven for thdiors$ that minimize our environmental and cemmu
time is partly thanks to the e orts of the collaboratimityp@mnpacts. Fostering collaboration and transparency
ties. is can only be achieved with a lot of mutual &msing diverse partners is critical for creating better,
We have now demonstrated that the geotextile camh@reesystainable infrastructure. is project is a prime
cled. ere is no reason not to do this more o en inegtmaple of the power of collaboration. Despite signi
TenneT projects. e potential spin-0 is even greatani@ashallenges, the commitment from all partners led
recycling of geotextile can also be applied in othertcomgiraandbreaking solution. e lessons learned from
tion projects. is makes the market interesting fortbibegxperience will undoubtedly benet future pro
producers as well. It just goes to show that the resjdttsgh be
greater than the sum of its”parts. is collaboration between Solmax, TenneT, and
Edwin Veldman, part of the SWITCH projectm&WITCH not only addressed a speci c envirenmen
agement team, emphasized the social idfpaktoh tal challenge but also laid a foundation for future re
aims to positively contribute to sustainable changeyatirayinitiatives that reduces waste by demonstrating
society. By collaborating with TenneT and Solmaxte signi cant environmental advancements that can be
plore solutions for this non-digestible waste moaciééved through combining diverse expertise-and per
we have made an impact on our future and thatspiectives.
children. | am convinced that we will come to see this as
a sustainable solution throughout the construction indus
try, and | am already involved in various projects to raise

awareness about recycling _ G[<”S Groen
e successful partnership set a new benchmar

for recycling geotextiles, proving that with trust afld/ TUBJOBCIMJUZABRRBNS RF@HFMP

commitment, sustainable solutions are achievable. S5dF /FUIFSMBOET

project has the potential to inspire further sustainaBlB O UBIHEBPFO!TPMNBY DPN

GeoResources Journal 2 | 2024 Groen:
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41BQJOH UIF 'VUVSF )PX "* B(Q
S5SFDIOPMPHZ SFWPMVUJPOJI[F

/[JLPMBVT 'FDIU GPS (FP3FTPVSDFT *OUFSWJFX XJUI "NJU 7BSNB #SBJOUPZ
*OTUJUVUF GPS -BTFS 5FDIOPMPHZ *-5 "BDIFO (FSNBOZ

*O BO FYDMVTJWF JOUFSWJFX
UPZ BOE .BY ;JNNFSNBOO GSP
*OTUJUVUF GPS -BTFS 5FDIOP
JOUP UIF "* 4-". QSPKFDU (FS
IBWF UFBNFE VQ JO B KPJOU Q@ q.%.-'
SFQBJS QSPDFTTFT JO UIF NJO &
BMHPSJUINT GSPN UIF AFME P(
UZQJDBM XFBS QBSUT TVDI BT
CJUT PS SJQQFS UFFUI BSF MB
XJUl B QSPUFDUJWF DPBUJOH®
QSPDFTT

.JOJOH r .BJOUFOBODF 3FQBJ
-BTFS UFDIOPMPHZ r "SUJADJB
Digitalisation

'

) o ~ 'JH 5IF "* UPPM EFWFMPQFE BT QBSU PG UIF "* 4-°
Niko Fecht:Mr. Varma, what inspired you to initiate MBTFS DPBUJOH BOE SFQBJS PG DPNQPOFOUT
the project? QJDUVSFE B CMBEF UPPUI

1IPUP "QPMMP .BDIJOF BOE 8FMEJOH -UE $BOBEB

Amit Varma: e Canadian mining industry is massive
because it is a big country with vast natural resc
ere are a lot of equipment and machines, for exan
ground-engaging machines, rock-crushing mac
with millions of commaodity parts which have te be
paired and re-coatédg6. 1 + P And it takes highly
experienced machining operators to be able to do

Imagine a shop which has to coat a few thot
parts every month. It is impossible for such sho\
hire enough experienced laser machining ope
We want to use Al to help such operators consis

do their job better and fastéig(3. It was my big .3, grgs QBSUT MJLF UIJT TUPOF DSVTIFS UPPUI
gest motivation while approaching this project. Onlyby po pvUES EJBNFUFS PG-BCPVU SNN BSF SF
simplifying the complex tasks of each operator canthe TUPSFE XJUI UIF -.% QSPDFTT 5IBOLT UP "* U

process be scaled to high volumes. QSPDFTTFT GPS SFQBJSJOH JSSFHVMBS TVSGE
CF PQUJINIJI[FE
Niko Fecht:Mr. Zimmermann, please describe the 11PUP "QPMMP .BDIJOF BOE 8FMEJOH -UE $BOBEB

role of the Fraunhofer ILT within the project.
Max Zimmermann:We run the LMD processes and
Max Zimmermann:With its numerous parameterspllect data such that an Al can read it. But in principle
the Laser Material Deposition (LMD) process is dbe Al does not know what it sees. And that is the point
plex and di cult to master due to the constantly-chamigere the Fraunhofer ILT comes in with one question,
ing manufacturing and processing tasks. e Fraunhbitaat can you see inside the process to be able to digi
ILT has more than 35 years of experience and expeditisat?”
in this eld. We are now trying to digitalize the LMD
process and our know-how. To do this, we are téadhVarma: ink of it this way — Max and Gentry,
ing an Al what constitutes good and bad machinirggurltproject members, are intelligent operators with
should then be able to support the operator in desigrang years of training and experience in knowing what
the process. is good, and what is bad from a process point of view.
Now, what we are doing is like creating a “Max bot” or a
Niko Fecht: And how your expertise contributes tdGentry bot”. It is like digitalizing the brain of a highly
addressing the challenges? experienced operator and putting it in a machine.

Varma and Zimmermann: GeoResources Journal 2 | 2024
Shaping the Future: How Al and Laser Technology revolutionize Mining Repairs www.georesources.net
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Niko Fecht:What are the main objectives you are pur
suing with a project in the context of the mining indus
try? And what speci ¢ challenges are you addressing?

Max ZimmermannMWe streamline the LMD process.
We use the OpenARMS so ware from our project
partner BCT as base program. e Al is also integrated
in OpenARMS. With the OpenARMS so ware, the
operator will later only need one so ware to program
the best parameters for the LMD system using-the inte
grated Al. is makes the LMD process more e cient,
easier and more cost e ective for the industry.
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Niko Fecht:Mr. Varma, how does the multimodal

platform mlOS from Braintoy support the machine
learning operations in the optimization of the laser
coating process?

Amit Varma: Imagine that | have to teach you how to
ride a bicycle. e rst thing that you will do is learn the
know-how to sit on the bicycle, where to turn the handle,
and how much to push the foot pedal. ose are the ini
tial parameters to ride a bicycle. But as you begin to ride
the bicycle, those parameters have to change rapidly in re
al-time to be able to continue to balance the bicycle while
riding it. e Al does exactly that. It rst recommends
what parameters the machine operator has to set. It then
adjusts these parameters every second so that the coatir

'JH 5IF "* ESIJWFO -.% QSPDFTT TINQMJAFT UIEJI’I?S%['J:'[%ﬁﬁé%gstTpO%Q%FW&)Pe\B@w(OH

FYDBWBUPS UFFUI

ADSFFOTIPU 'SBVOIPGFS *-5 "BDIFO FSNBOZ . .
( Niko Fecht:How does your platform come into play

here?

Amit Varma: Braintoy mlOS is the only technology

in the world which can ingest any data type and run it
in the same universal pipeline. It is able to create many
models within seconds, rank them, and revise those
models again and again. It's easy for anyone to create
model, however, to repeat it in production is a very dif
cult task. And that is what mlOS does perfectly — it
does it like a model factory.

Niko Fecht:What types of data do you utilize in the
Al-SLAM project?

Amit Varma: e three types of data used are:
Computer vision data comprising images and vid
€o0s,
Tabular data organized in rows and columns, and
Time series data arranged in a sequence over time.

Niko Fecht:How does Fraunhofer ILT contribute to
the development and application of Al in this project

'JH #SBJOUPZ DP GPVOEFS "NJu FTERERAN;R Pedieing migrestyqtural defects?
"* 4.-"  NBDIJOF i5IF "* QSPDETT_SFDPN _ _ _
NFOET XIBU QBSBNFUFST U P Ma¥ FapeEmang aldg;ihe fourth dimension of
SFQBJS PS DPBUJOH *U UIF daewRermigrogtiycipre ynages. e view of the mi
TFDPOE UP NBLF UIF QSP D F Tcrosyrectueeris gally di cult to understand, so that is
QIPUP 'SBVOIPGFS *-5 "BDIFO (FsNBtakresearch. We have to label the data, to train the

GeoResources Journal 2 | 2024 Varma and Zimmermann:
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Al properly, and send the labeled data to the Braintoy
mlOS platform, so that it can extract and predict the
information out of the microstructure data.

Niko Fecht:How does a real time Al algorithm-m
prove laser deposition?
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Amit Varma: e purpose of AI-SLAM[ig. § is to
prevent errors during the LMD process: the Al classi
es errors in real time and tells the operator what to do.
In other words, the machine gets a “brain” that explains
how to avoid defects.

Max Zimmermann:e real-time and total quality-as
surance is the key. If you nd a defect a er setting the
right parameters, you can pinpoint and x it locally, a
major bene t for materials and 3D build.
'JH $PBYJBM XFME QPPM JNBHF GSPN MBTFS NFUE
Niko Fecht:Mr. Varma, how do you handle defect EFQPTJUJPO JO UIF "* 4-". QSPKFDU
prediction and correction? *NBHF 'SBVOIPGFS *-5 "BDIFO (FSNBOZ

Amit Varma: e data is tagged according to defect
classes. Machine learning algorithms recommenidilpaFecht:How did the Fraunhofer ILT manage to
rameters that avoid defects. e Fraunhofer ILT’s LMEandardize data, preprocessing and model genera
expertise was crucial here, as it combines so watiershd
process expertise to create an e ective solution.
Max Zimmermann:At the beginning, we created a
Niko Fecht:How do you select and adapt Al modeldetailed ow chart describing the data transfer and the
within the project? pipeline. Since the beginning of 2022, our understand
ing of the data and its management has improved con
Amit Varma:We have a technique to evaluate the rsmtkrably. e exibility of Braintoy’s mlOS platform
els featuring model explainability within the Braimgays a crucial role in handling the dynamic and diverse
mlOS platform. is unique feature allows us to undgiructure of the data.
stand precisely what the model predicts and why, which
is groundbreaking since no other technology o ersNikis. Fecht: What results do you anticipate by the
e mlIOS platform enforces strict model governarmeject’s completion in March 20257
and explainability.
Amit Varma: By the end, we expect to have a real-
time process that recommends optimal parameters for

German-Canadian Al Collaboration correcting defects aiming for a scenario where defects

*O UIJT DPMMBCPSBUJPO LF 'lgt?sesptffg'ﬁt' e@'nglLdeﬁ mlk/tgeg:t?ﬁloésg)fs
UIF 'SBVOIPGFS *OTUJUVUF GP &So%a?eforgon%t
JO "BDIFO (FSNBOZ TPGUXB

GSPN %PSUNVOE (FSNBOZ U||§n?§'ﬂ15’r|9€y §f>|

$PVODJM PG $BOBEB .D(JMM GE(Rkoé\A! C@ MV Jpac%%USFEfestonessofar,,
#SBJOUPZ JO $BMHBSZ $BOBE X ie A=AV V= PO

BOE 8FMEJOH GSPN "MCFSUB $BOBEB 5IFZ TUBOE BU

UIF GPSFGSPOU PG UIF QSPKF L

BIJNT UP IBSOFTT "SUJADJIBM *( In3|ght3|ntotheCanad|an

JOH JOEVTUSJBM QSPEVDUJPo Mining Industry

51F QSPKFDU MFWFSBHFT FYUF 5IF $BOBEJBO NJOJOH JOEVTIUSZ JT B TJHOJADB
NBDIJOF MFBSOJOH UP JNQSP USJCVUPS UP UIF OBUJPOBM BOE HMPCBM FDPO

DFTTFT TVDI BT -BTFS .BUFSJI QPSUJOH KPCT BOE BEEJOH $"%> >CJMM
XJUul B GPDVT PO FOIBODJOH S BQQSPYJNBUFMZ &63 >CO UP $BOBEB T (%1
DFTTFT 5IF QSPHSBN JT GVOEF ,FZ QSPEVDUT JODMVEF HPME JSPO TUFF

CZ UIF '"FEFSBM .JOJTUSZ PG & NJOVN JSPO PSF BOE DSJUJDBM SFTPVSDFT |
#.#' BOE PO UIF $BOBEJBO TJE BTI VSBOJVN OJDLFM XJUI $BOBEB CFJOH B M
3FTFBSDI $PVODJM PG $BOBEB HMPCBM QSPEVDFS

Varma and Zimmermann: GeoResources Journal 2 | 2024
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'JH " (FSNBO $BOBEJBO UFBN JO DPMMBCPSBUJPO XJUI NVMUJQMF QB
"*4-" QSPKFDU *U TXJGUMZ JEFOUJAFT EFGFDUT JO MBTFS SFQB.
1IPUP 'SBVOIPGFS *-5 "BDIFO (FSNBOZ

Amit Varma: Yes, the preliminary models are alrdddin from November 19 to 22, 2024, where updates
deployed. is year’s focus is on incorporating meik be presented, among other things.

sensors. Additionally, we're developing a recommenda

tion engine for operators, similar to how Net ix recdtiko Fecht: ank you Mr. Varma and Mr. Zimmer
mends movies that you may like. ese, we believemaith for the interesting interview. | wish you all the
ful Il the project’s objectives. best for your interesting work.

Niko Fecht:Mr. Zimmermann, how do you see the
project impacting laser coating technology and fu .
ture applications? Amit Varma
$P GPVOEFS #SB.
Max Zimmermann:e project streamlines the LMD $BMHBSZ $BOBE
process, making it automatic from tool path plannitgSZJOH UP DPMN J1
to execution. You scan the surface, set the paramétdddFST CFDBVTF
and just start the process. is e ciency improvement O UIF CVTJOFTT
is signi cant for both current users and new companiés) B TEDSFU " D PO
by e ectively lowering the barriers to entering LMXJUI BEEJUJPOBI
technologyHig. 9. XPVME CF HPPE ¢
QSPKFDU u
Niko Fecht:What are the next steps for the project?
$POUBINJUICSBJOUPZ BJ
Amit Varma: We're implementing decision fusion,
where multiple models vote on the best outcome, engidix Zimmermann

ing the most accurate decisions for the LMD process,
QSPKFDU NBOBHI

TFS .FUBM %FQP
EFQBSUNFOU PG
*-5 "BDIFO (FSN
BSF EJHIJUBMJ[JC

Amit Varma: It is a multi-partner relationship-sup QSPDFTT BOE PV

ported by the Canadian and German governments. Hugt _I_NUB :; ":F ‘[])L:J JFVS : Jl Y
we would also like to work with other interested partigs !

because we don't want to keep the project a secret. JOEVTUSZ u
Interested parties can nd out more at the-Fraun

hofer ILT booth at Formnext 2024 in Frankfurt am$POUB\EBU{ [JNNFSNBOO!JMU GSEBVOIP

Niko Fecht:How would you describe the collabera
tive nature of your project and its openness to work
ing with other partners?

GeoResources Journal 2 | 2024 Varma and Zimmermann:
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/PMVOUBSZ "DUJPOT DPOUSJ @

5/|F (FP3FTPVSDFT UFBN JO BO JOUFSWJFX XJUIl "OUPOJP /JFUP 1SFTJEFOU P

5|F (FP3FTPVSDFT 5FBN JOUFSWJFXFE "OUPOJF /J

FUPN UPQJDBM 1SFTJEFOU PG $&%& m $PNNJUUFF GPS
&VSPQFBO $POTUSVDUJPO &RVJIJQNFOU 5IF 1SFTJEFOU
QSPWJEFE JOTJHIUT JOUP UIF NPUJWBUJPO CFIJOE UIF
WPMVOUBSZ XPSL BOE UIF NBKPS DVSSFOU DIBMMFOHFT
GPS UIF DPOTUSVDUJPO BOE NJOJOH NBDIJOFSZ JO
EVTUSZ 3FEVDJOH DBSCPO-FNJTTJPOT BOE MFWFSBH
JOH EJHJUBM UFDIOPMPHIJFT JO DPOOFDUJPO XJUI HPPE
&VSPQFBO MFHJTMBUJPO BSF DSJUJDBM QSJPSJUJFT

5VOOFMMJOH r .JOJOH r (FPUFDIOJDT r
$POTUSVDUJPO r .BDIJOFSZ r -FHBDZ r

1PMJDZ r "TTPDJBUJPO XPSL r 4VTUBJOBCJMJUZ r
$POHSFTT r $&%$& r CBVNB r %JHJUBMJ[BUJPO r
Decarbonization

Special Topi

GeoResoures Team / Katrin Brummermarttello
Mr Nieto, thank you very much for taking the time for
this interview. GeoResources deals with topics related
to the subsurface, particularly in the geotechnical, tun
nelling, mining and energy sectors. Construction and
mining machinery naturally play an important roleFinally, it provides a sense of purpose and ful Iment,
here, as do current challenges such as digitalisatikmoawvidg that one’s actions are contributing to a greater
decarbonisation and the associated technical-degelop.
ments and legal regulations. We have been in contact
with the VDMA for years, but of course we also ke§eaResourcesiow do you work with the UK-based
eye on the whole of Europe and the international #&B Vice President Tim Burnhope and the CECE team
ket. You have been Honorary President of the C&@Ehow do you divide up the various tasks?
since the beginning of this year. is is the association
for “European Construction Equipment”, in which these Antonio NietoWe had an introductory meeting
German association VDMA is represented alondgsidet to know each other and establish some connec
many other national European associations. Youtiweseand now we have to create some tasks to distribute
previously Vice President of the CECE for two yeaifse swork. Since Tim comes from the earth moving sec
you are no longer a newcomer. tor | mentioned before, | believe we can form a great

I would like to start with a personal questiondoo and organize our collaboration for the bene t of all
you. What motivates you for the certainly time-¢ba members of CECE.
suming additional voluntary work in the CECE and the
national Spanish association ANMOPYC? Your fakoResourcesBut now | would like
time work as Managing Director of Putzmeister Ibéoidalk speci cally about the content of
S.A. and the international underground business wutis work as President of CECE. At
certainly also challenging and ful lling. your introduction at the beginning of

the year, you formulated your mission as

Jose Antonio Nieto:Certainly, it takes time, mayleresident: “My mission as CECE-Presi
more than | thought but it is worth to invest on it. Bent is continuing with this legacy, as
many years the CECE presidency was led by eartivatiogs pushing for and supporting cur
ing machinery companies, which is surely the largesinseley topics for our industry.” You
tor of construction machinery. | am glad and proudhéation current legislative processes
bring to CECE the concrete equipment technologysasls the reason why dialogue with
President, since | think it is good to give some visfimlitycians is so important to you that
to other construction machinery like concrete pumpaajor transformations are currently un

e CECE Presidency also helps with the socialdesway in politics and in the industry
pect and o en enables to get to know new people,dodhthat a decisive course is being set for
friendships, and enhance social ties. the future? "OUPOJP /JFUP 1SFTJEFO

The GeoResources team in an interview with Antonio Nieto, President of the CECE: GeoResources Journal 2 | 2024
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Jose Antonio NietoWe are currently experiencingDecarbonization and digitalization represent opportu
time of signi cant change, with politics regularty nméties for driving positive change, enhancing productiv
ing pivotal choices and decisions that will shap#ythieealth, environmental sustainability, and working
future. It is essential for both industry and politicsaiditions, among other bene ts.
maintain ongoing communication in order to foster
mutual understanding and collaboration, therebyGEoResourceswWith regard to securing raw materi
cilitating more e ective support for one another. as in Europe and the corresponding political develop
main mission of CECE is indeed to inform polieyents, you recently strengthened the mining fmachin
makers of the impact their choices have on companjeand equipment division in your association. is
employees, and overall prosperity. In an ever aiswets in with GeoResources’ motivation and strategy.
complex world of decarbonization, sustainability \Wadsee interesting synergies for both the construction
digitalization, some of the information we bringat@ mining industries, particularly in the technical area,
policymakers come from our cross-checking ef dietween the two sectors and therefore their markets.
ent regulations and how some laws contradict dthet speci c actions do you have in the pipeline at
objectives. In this key moment of change in Bru€&eQ¥;: for the strengthened mining sector?
we have been also playing the democratic game by list
ing our main requests in a Manifesto for the Europess Antonio Nieto:We focus on guidance on re
Elections and the next European Commission gddnding to the Critical Raw Materials Act (CRMA),
I am only President for two years, but the horizamcigding recommendations for engaging in dialogue
longer, we are talking about setting now the goalgtfothe Commission and collaborating with European
the EU we want in 2030. trade associations such as Euromines, Eurometaux, ant
EIT Raw Materials to exchange information on raw
GeoResourcesSustainability has three pillars: enaterials-related issues.
vironment, economy, and social issues. How do you
classify the overarching topics of decarbonizatiortGanBesourcesAs a woman in the construction sec
digitalization, which are important to you, within tioe — | am a civil engineer specializing in geotechnics,
overarching topic of sustainability? tunnelling, and construction materials — | am also in
terested in the topic of skilled personnel. Do you see a
Jose Antonio NietoReducing carbon emissions agetat need for skilled labour in the STEM sector and
leveraging digital technologies are critical prioritiethéoefore in the construction and mining industry in
both the CECE and mining industries. All the threehel future? How important are equal rights for women
ements of sustainability have to be taken togetheaneé men and the attractiveness of relevant training and
most common mistake of certain politicians is to dakgee programs in this context? Do you see a need fo
economic sustainability for granted and focus ensiotign?
on the environment. | join my predecessors CECE Pres
idents in calling for policymakers to focus on theseibseeAntonio Nieto:e Women in Mining campaign
dimensions jointly. If that were not the case, the risksibeen active internationally for some time, highlight
what we start to see, which is a loss of competitivemesshef ongoing e orts needed to make the censtruc
European manufacturing on the global markets. Wibansector more appealing to women. ere is a clear
it comes to digitalisation, | believe it plays an esseidlfor more skilled workers, necessitating the explo
role as an enabler of many sustainable business maiaielst new perspectives and approaches. One day, i
and of the overall transition to a carbon-neutral esfoould indeed become the new normal for women to
omy. CECE has been describing the digital trangtoticipate in the construction sector.
and its tools as contributors to decarbonised machinery
at the same level as alternative energies. GeoResourcesYou have a “home advantage” at the
CECE Congress in Madrid in October. Can you give
GeoResourcesDo the sectors represented by the readers reasons why it will be worthwhile attending
CECE have enough time to focus on these impotit@ntongress even if you are traveling further a eld?
issues in the current di cult economic climate? Or are
the topics of decarbonization and digitalization perbaps Antonio NietoWell, a CECE Congress is always
the key to improving the situation? a great chance to network with the leading gures in
the industry, with outstanding speakers addressing cur
Jose Antonio Nieto:e current economic climate isrent topics and in a pleasant atmosphere of culture and
turning to a less positive perspective, but we coméuinoe will tackle the high-level political topic of the
several years of growth and we still are at very hifgituad of industry in Europe and how our economies
solute numbers on the European market. In additiead to re-industrialise in a sustainable way to secure
| strongly believe that in mature markets like Eugmpsperity. Our economic forum on the last day of the
it's innovation that improves productivity and work@gngress will have a full focus on South America as a
conditions, which creates the competitive advarkagecontinent for the mining and extractive industries
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and Europe’s need to diversify its supply of raw m@ssResourcesMr Nieto, thank you for taking the

als. time to do this interview and for the interesting infor
mation for our readers. We wish you all the best for the

GeoResourcesAnd let’s look ahead to next year whest of your CECE presidency.

you will also be chairing the CECE. How will you use

bauma in Munich in April for the work of the CECReference

e key topics for the exhibiting companies and the tar

get groups of trade fair visitors are certainly extréthelgECE: THE ROAD TO 2029 — a CECE Manifesto.

attractive for CECE. Online: litps://www.cece.eu/ep2024
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Jose Antonio Nietol am already looking forward to

bauma 2025. My personal commitment to the mining

industry will be central also in Munich in next April

since CECE is going to be involved directly in the bau

ma Forum programme for the mining day. Bauma is a

key international partner of CECE and | believe At Jese At N

this exhibition will be again the best showcase pc
of the innovative and ground-breaking nature of JT 1SFTJEFOU PG UIF $&%$& BOE .BOBHJOH %JSFDU

construction equipment industry. Like always, we $&$& SFQSFTFOUT UIF JOUFSFTUT PG OBUJPOBM [
to take advantage of the exhibition to have ourint UVSFS BTTPDJBUJPOT JO &VSPQF

meetings since everyone may be there and to-ho:

ticians and public o cials at the trade grounds to $POUBDGP!DFDF FV

rst-hand the industry that CECE represents.

The GeoResources team in an interview with Antonio Nieto, President of the CECE: GeoResources Journal 2 | 2024
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00 TIUF 4BGFUZ BOE )FBMUI 1€
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Patrick Schneider, M.Sc., CFT GmbH — Compact Filter Technic, Marl, Germany

The infrastructure of the North-South S-Bahn 1 Background to the Modernisation

Tunnel in Berlin, which carries 760 trains aday and  Project in the North—South Tunnel

is one of the most important lifelines of the public ~ Of the Berlin S-Bahn

transport network, was extensively modernised in

early 2023 in an operation that was completed ina The North—South S-Bahn Tunnel, which was built
mere six weeks. During the renovation project the in the 1930s, carries four S-Bahn tracks and serves
280-strong tunnel workforce was protected by an around 100,000 travelling passengers a day, making it
elaborate ventilation and tracking system devised one of the most frequented lines in Berlin. The route
by the Marl-based CFT company. was completely closed fréndghuary to $#ebru

023 to al vari intenance and renewal
5VOOFMMJOH r 5V00FM sFopwedYp%3© gl e rpgurignar
8PSLQMBDF TBGFUZ r 7F0UJMBU’??’SBreStO%ecomppg%SQm wo pRaged.(The

L. .
1IFSTPOBM USBDLJOH r $POTUS (@ﬁdﬁwﬁaoﬁ %roﬂ%{%mep'%c'”ded the replacement

WO sets ms and 9:1 km of rail traeck, cor

SSBDL MBZzJOH r 4 #BIO rections to the track geometry, track stabilisation and
maintenance work, the milling of 18.4 km of rail and
other repairs. The track laying operation meant that
in addition to two new battery locomotives a num
ber of diesel-powered units would also be operating
in the tunnel, including locomotives, BAMOWAG
track cars, excavators and a rail-mounted miling ma
chine. This required various ventilation measures to
be put in place for safety and health protection pur
poses. The intrusion into the ballast bed during the
points replacement and track correction work also
called for the additional use of high-performance
dust extraction equipment so that the dust released
from the ballast material could be removed from the
air and thereby prevented from entering the-city at
mosphere.

2 Workplace Health and
Safety Measures

e use of diesel-powered vehicles for the refurbish
ment work inevitably meant the release of harmful ex
haust emissions. ese would contain gases hazardous
to health, such as nitrogen monoxide (NO), nitrogen
dioxide (NQ), carbon monoxide (CO) and carbon
dioxide (CQ), along with diesel soot particles (elemen
tal carbon). Where diesel motor exhaust gases are pre
sent in the workplace environment the requirements of
TRGS 554 (Technical Rule for Hazardous Substances —
Fig. 1: Line closure in the North—South S-Bahn tunnel in Berlin Diesel motor exhaust gases) must be observed for oc
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cupational health and safety purposes [1]. Complian&setail plans for the installation and positioning of
with these requirements implies meeting the standard# the required plant and equipment, such as fans,
laid down in the Ordinance on Hazardous Substanceedusters and measuring instruments, in-accord
(GefSto V) [2] and in the Ordinance on Preventive ance with the proposed ventilation concept
Occupational Health Care (ArbMedV) [3]. Detail plans for the air screens, air doors-and air
When managing complex construction projects inight seals for the emergency exits so that the ow
an intra-urban tunnel, where many di erent activitiesof air could be directed through the workplace in a
have to be carried out and the overall site includes segentrolled manner
al stations and stopping points, it is vital that health arfdetail plans for the energy supply system, including
safety protection is factored into the overall planninthe sub-main distribution, cable runs, conductor
process right from the start. e engineering rms par cross sections and earthing
ticipating in the project (Michalski Engineering, PBVIDetail plans for the ballast wetting operation, in
GmbH and PUS GmbH) therefore involved the Safetgluding provisions for the water supply and the re
and Occupational Health Coordinator (SiGeKo) at anmoval of the return water
early stage and developed a suitable work schedule thgfistics planning for all road and rail transport ar
would incorporate both the technical and the organisaangements
tional safeguards and protective measures. In orderNetwork concept for the integration of all measur
create an e cient work ow the plan provided for an airing instruments and fans so that the ventilation sys
separator designed to split the tunnel into two distindiem could be regulated from a central control room
ventilation zones, thereby making for a more e cienDetail plans for a personal tracking system that was
deployment of the two construction sectors with theito be embedded in the network
entirely independent ventilation regimes. e planning Applications to the authorities in respect of land-use
phase also had to make provisions for protecting traauthorisations and tra c regulations.
ellers who would still be using the intermediate levels
of the stations involved. e solution was to providesalocations proposed for the dedusters, fans and
continuous exchange of air by setting up 43 individaakuring instruments were rst identi ed and record
ventilating fans below ground that would draw in fezsduring various tunnel inspections. is was followed
air via a pre-allocated station/stop and move it throygiraphic drawings showing the main components in
the tunnel towards the north and south portal. Allgtadled in the tunnel, including all the dedusting units,
tunnel’s emergency exits were therefore made airtitjlet special exhaust air system at the Potsdamer Platz
that the air ow could be routed in a controlled way statlon and its associated ducts and exhaust stack. All
no air could be exhausted or drawn in at these poomstructional measures were carried out by CFT’s own
Here maximum priority was given to maintaining eéhgineering design department. In addition, measures
functional integrity of these exits so that evacudi@ohto be put in place to ensure that the boundary lines
would still be possible in the event of a re, for exafopleringing in the track-bound pieces of equipment
As well as dealing with hazardous substancesviecanstrictly observed and graphically veri ed during
the exhaust gases of diesel-powered railway vehithescibvestruction phase.
planning process also had to target hazardous partidieail plans for the power supply to all the ventila
such as the dust generated when removing and refitatingits were drawn up in parallel with the planning
the ballast. e requirements laid down in TRGS 58 the machine installation and positioning process. It
(Technical Rule for Hazardous Substances — uw@s initially planned to use the electrical current pro
dust) [4] were implemented by using CFT dry deduded at the supply cabinets installed in the North—
ers to separate out the quartziferous dust (total aiBooth S-Bahn Tunnel. However, as the existing cabinets
ume of the dust extraction plant 9,00@im) and by were not capable of supplying power to equipment with
the additional wetting of the old and new ballast. @seinstalled electric capacity of around 2.1 MW addi
actions were combined with other measures, incltidimg arrangements had to be put in place to provide
the use of air screens and air doors to partition athéngpower that was required. Diesel generators were
working sectors, so that particulate levels in the walrapquently brought in and set up in three areas where
areas could rst be kept to a minimum and then arthese were no residential buildings located immediately
maining hazardous material captured before the a&bwas the tunnel. is was not an option for the station
ltered and released into the city atmosphere. serving the Oranienburger Strasse, however, due to the
ese technical and organisational protection-measmediate proximity of residential housing. e-solu
ures enabled much of the project work to be completeéh this case lay in the temporary deployment of a

safely within the track possession period. site transformer fed from the municipal power supply,
this also forming part of the scope of supplies. Given
3 Extensive Execution Planning the need to coordinate arrangements with the various

agencies involved, such as DB Energie, the local power
e execution planning process was initially divideapplier and the respective district authorities; the de
into the following sub-areas: tail planning work required for the power supply system
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Fig. 22 Two-way excavator positioning a fan unit during the
preparation phase.

Fig. 3: Section of ducting for the active venting of waste air via a
discharge stack at Potsdamer Platz station

and provide access to all the measuring devices. e exe
cution plans therefore included the setting-up of a tem
porary network capable of integrating and interlinking
the di erent operating units and systems. In view of the
length of the construction site it was decided to use bre
optic cables for this purpose.

Logistics plans for transporting all the plants and
equipment into the tunnel and then withdrawing them
again were prepared in parallel with the technical plan
ning work. An important factor to be considered here
was that there was only limited storage space available ¢
the transshipment point. e logistics regime therefore
provided for the materials to be delivered by truck to
the transshipment point right on time and the-sched
ules for the onward transport by rail were synchronised
with these deliveries. For complex construction projects
of this kind a well-thought-out logistics plan is the key
to ensuring that all the site equipment is assembled and
removed on schedWH&( 9.

4 Two-phase Construction Project

e North—South-Tunnel forms part of the S-Bahn line
that runs between the Gesundbrunnen and Sidkreuz
stations in the centre of Befffig(1). e 6 km-long

tunnel begins at the portal to the north of Norelbahn
hof station, runs through a number of S-Bahn stations
(Nordbahnhof, Oranienburger Strasse, Friedrichstrasse,
Brandenburger Tor, Potsdamer Pladz 8§ and An

halter Bahnhof) before exiting at the portal to the south
of Anhalter Bahnhof.

e renovation work was divided into two phases
and was carried out accordingly. During construction
phase 1 the Nordbahnhof remained in operation, while
in phase 2 the tunnel was completely shut.

e two work phases are presented in general detail
in Sections 4.1 and 4.2, while the following Sections 5, 6
therefore became a crucial part of the executiongidr/ deal individually with the dust control measures,
ning process, one of the factors here being the ciwihieh involved the use of dedusters and ballast wetting
gineering work associated with the supply of electrazgiines, and also describe the instruments employed
power to the current transformer. to monitor occupational exposure limits and the zone-

Another key issue for the execution planning veaed personal tracking system.
to arrange for the wetting of the old and new ballast in
those areas where the points were to be replaced ltni¥ork Phase 1
to be executed using state-of-the-art technology. e
water for the wetting operation was fed into the tureneiain focus of work phase 1 was the replacement of
via hoses laid through an emergency exit close twatlsets of points between the Anhalter Bahnhof and
set of points being replaced. e used spray water ttierPotsdamer Platz station and a track geometry cor
had to be collected and pumped via another set ofrectes to be carried out in the area of Oranienburger
out through three emergency exits and into a nuBibasse. is phase therefore featured a dust-laden work
of waste-water tanks set up at ground level. € pilagn environment resulting from the disturbance of the
ning required for this operation therefore involvedothiéast bed. In order to allow a second construction
layout of the pumps and hose system and applicet@onsto work in parallel an air separator was set up at
in respect of land-use authorisations for the pumpthanéinhalter Bahnhof and fresh air was directed out
water tanks to be set up close to the emergency efiim this point towards the north and the south. is

Given the deployment of the various fan units amnahgement meant that rail replacement work could
instruments needed to monitor air quality alongalse be undertaken south of Anhalter Bahnhof at the
6 km section of tunnel, the building speci cation cadkste time as the points were being renewed to the north
for a central control room to direct the fan operatmfris In order that a third construction team could also
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operate in the tunnel it was decided that the air from the
points replacement zone between Anhalter Bahnhof
and Potsdamer Platz station, which despite having been
Itered through the dedusters was still contaminated
by exhaust gases from the engines of the track laying
machines, should be discharged into the atmosphere
via a stack. is meant that north of Potsdamer Platz
station fresh air could be drawn into another working
zone where track adjustments were being made close to
Oranienburger Strasse. Ventilation systems of this kind
can only be put in place in tunnels where additional
options exist for fresh air to be supplied (for example
via railway station entrances) and where construction
teams can operate in parallel without having to work in
the waste air ow of a team upstream of them.

Fig. 4: Korfmann AL 12-550 axial fans sitting on the platform at
4.2 Work Phase 2 Anhalter Bahnhof

Work phase 2 was mainly characterised by track naltinig especially e ective at binding visible dust particles
and rail replacement operations. e aforementiorsed! so is able to minimise the respirable dust fraction.
air separator was relocated to Potsdamer Platz séegiaurrent regulations prohibit the water applied to
from where fresh air could be directed towardghiadallast bed from being released into the drains and
north and the south tunnel portal. During work phasat®equently discharged into the sewage system special
the tunnel was ventilated by a regular air exchangenegisures were taken to provide for a controlled collec

out the use of dust extraction equiprirent4. tion process. e return water was therefore sucked into
pumps set up on the tunnel oor and then transferred
5 Dust Control with Dedusters and into water tanks for safe and proper disposal.
Ballast Wetting e ventilation system provided for the tunnel air

to be moved by axial fans to two dry dedusters mounted

During work phase 1 the track bedding materialaisil cars. e dust-laden working areas were parti
had to be replaced when the two sets of points weieneel o from the rest of the tunnel by air separators
ing renewed and this meant disturbing the ballastdeshable the ne dust to be captured systematically
e track correction work involved the lowering of tl{€ig. 5. e continuous movement of the air towards
existing track. To achieve this the rails were withditasvidedusters created an e ective and uninterrupted
in 15 m sections and excess ballast was removeddusingeanoval regime and this counteracted any accu
two-way excavator. is operation also meant disturtulation of particulates in the working areas. e waste
ing the ballast bed. air from the construction site, with its content of ne

When a rail track has been in operation for ntrsg, was then cleaned by CFT dedusting equipment to
years friction between the ballast gravel stones peatigse a residual dust content of 0.05 mg/m and,
large quantities of ne-grained material to buildultpnately, released into the city atmosphere. In the
within the bed and this is released as dust when thedieid replacement area this was achieved by way of an
ding is disturbed. Any disturbance of the ballastdmtide discharge via a vent stack, while in the-track ad
especially within rail tunnels, therefore calls for dust
control measures to be put in place to protect the health
and safety of the workforce. e project plan provided
for a combined state-of-the-art solution involving the
wetting of the old ballast and the deployment of dry-
type dedusters to protect the workers from exposure to
dust.

Before commencing this part of the operation, i. e.
prior to any intrusion into the ballast bed, the working
area was wetted with a speci ¢ quantity of clean water.
In this case the water was applied to the ballast using
a mobile wetting car operating with a constant ow of
water and at a constant speed of travel, thereby ensuring
that a uniform wetting rate was maintained. e clean
water for the wetting process was sourced fream a sur
face hydrant and delivered into the tunnel via hosesidaBl  Air separators seal o the dusty working zones
through a nearby emergency exit. Wetting the-old bal  from the rest of the tunnel.
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the necessary safeguards put in place. e employer also
has to ensure that occupational exposure limits for haz
ardous substances, as de ned in TRGS 900 (Technical
Rules for Hazardous Substances — Occupational expo
sure limit values) are being complied with [9]. One of
the ways to achieve this is by taking workplace-measure
ments. According to TRGS 402 (Technical Rules for
Hazardous Substances, identi cation and assessment of
the risks from activities involving hazardous substanc
es: inhalation exposure) [10] workplace measurement
means determining by measurement the degree of inha
lation exposure a ecting individual workers.

A combined deployment of xed and portable
measuring instruments has now become established
practice for work in railway tunnels. It is now state-of-
the-art for concentrations of the gaseous substances
CO, CQ,, NO and NQto be permanently monitored

Fig. 6: CFT dry dedusters with a Korfmann axial fan a_nd recorded in working areas using xed measuring de
for cleaning dust-laden waste air from the vices. As W_eII as measuring thege hazardous_ gases Xx¢
worksite equipment is also used to monitpcd@centration

levels as well as average air ow velocities.

justment area passive venting was the preferred methodhis particular case the air quality and air speed

(Fig. 6. e dedusters were equipped with di erentiadside the tunnel were recorded at 15 stationary meas

pressure sensors and if a failure of the compact Iterestegent points. At those workplaces with dust-laden

ments caused the pressure di erences to exceeceavoenments, for example in those areas where the
tain threshold an automatic cleaning process woytdibts were being replaced and the track geometry cor
triggered with compressed air pulses being deliverextdd, continuous optical dust measurements were alsc

a counter-current process. e dust captured from tifeen using direct-reading devices. As well as providing

compact lter elements was subsequently removedifipanmanent record of events these measurement date
the extractors using a specially developed disetlsogaayed a vital role in the regulation and control of
system with a cellular wheel sluice. A fully autontiaéegentilation system.

process was then used to transfer it into Big Bags. & addition to the xed measuring equipment in

dedusting equipment was therefore able to opstated on site, body-worn gas detectors for direct per
maintenance-free for long periods of time, therebyspr@l protection were also kept available at the equip
viding an uninterrupted service long term. ment holding area adjacent to the control room. ese

When used in combination with various organigarning devices were tted with sensors for the detec
tional measures, such as the temporal and spatidi@epa CO, CQ, NO, NO, and Q. e site regula

ration of the working activities and the speci c-alltioas stated that each work team had to deploy at least

tion of men and machines to a particular working aneabody-worn gas detector and that prior to each de
the proposed ventilation concept ultimately succepldgdhent this device had to be inspected by CFT in ac
in meeting all the health and safety requirementsa@adnce with the manufacturer’s instructions.

ensured that the track shutdown period was used most

e ciently. 7 Zonal Person Tracking

6 Measuring Instruments for Monitoring In discussions between the client and the Berlin Fire
Occupational Exposure Limits Service on the overall management of the project the
latter stipulated that in view of the spatial reach of the
Various statutory regulations have to be observprbjiect the client had to be kept meaningfully noti ed
protect the safety and health of the workforce. aisall times of the number of persons present in the tun
means that employers are legally obligated to ensureltHatthe event of a re the Fire Service would there
they fully comply with the requirements of the Workimg be in a position to deploy their rescue teams in a
Conditions Act (ArbSchG) [5], the Building Site Retargeted way and with the safety of the emergency crew:
lations (BaustellV) [6], the Rules pertaining to Hazeedy much to the fore.
ous Substances [7] and the Social Accident Insuran@esen the large number of potential movements in
Stipulations [8]. According to § 7 of the GefSto V Ejd out of the tunnel via the stairways of the six stations
the employer is required to identify and assess theneletd and via the 22 emergency exits and three tun
of exposure to hazardous substances. Any activitgl iportals an analogue-based roll call would not have
volving the use of hazardous materials may only bpromided the solution that was needed. Plans had al
menced a er a risk assessment has been carried cesd@ntleen made at this time to set up a network systern
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to maintain central control of the ventilation plant and
provide central access to all the measuring instruments
installed in the tunnel. is same system had been used
by CFT for a number of years for the targeted-and e
cient control and regulation of ventilation equipment of
this kind. In this process the data collected at the meas
uring points were transmitted via a network system to
an operator terminal. is terminal can provide a cen
tral display of the air quality and air speed prevailing at
all the measuring stations. e network not only-ncor
porates the di erent measuring instruments but also all
the frequency inverters needed for controlling the speed
of the ventilating fans. e operator terminal therefore
serves as a central control point where frequency modi
cations can be made to regulate the tunnel fans. is
terminal station can be in the form of a mobile tele-
phone, a tablet computer, a PC or — in the case of more
complex projects — a full-on control room.

e solution to the tracking problem therefore
could only come from a fully automated system that
could capture and log the inward and outward move
ments of individual workers via all the available en
trances and exits. One of the objectives of the ongoing
planning exercise was therefore to expand the existing
network by including technology that was specially de
veloped for this purpose.

Data protection was to play a central role in this
planning work. e technology required to specify
and identify which particular worker was wearing the

transponder being located in a certain section of tunne7ll h wral control ith its data disol is able t q
was therefore not put into practice here. In consultgf%n ' € centra controf room with Its cata dispiay screens 1S able o sen
commands to the on-site fans and monitor the personal tracking

with Michalski Engineering, a project-speci ¢ solution system.
to the personal tracking issue was subsequently devel

oped in collaboration with RS safetec GmbH (former

RK safetec), Bregenz, Austria, a long-term assodit€onclusions
CFT.

Directional antennas were set up at all the tuAneéxtensive infrastructure upgrade has been success
entry and exit points and integrated into the netwiulky completed in a very short period of time in the
According to site regulations each worker was reduingkd-South-Tunnel of the Berlin S-Bahn. A well-
to carry a transponder with active BLE (Bluetadbthught-out ventilation regime was put in place to en
Low Energy) technology. e transponders were dis
tributed from the equipment holding area next to

CFT control roomKigs. 7a and Jb e directional ggg'cgerses'?&‘”e'zzzzgn:
antennas were then able to track the movements y '
transponders and persons moving within the t ggitz';”ber?:“i”'_‘e'z'\'Bs Karlsruhe-Basel
. . _ ity-Tunnel, Leipzig
could be counted in and out in a fully automate mago-pack O Finnetunnel, Weimar
reliable way. An ongoing analysis of this body o QXKaiser-Wilhelm-Tunnel, Cochem
provided information on the number of persons prd mago-Tunnelbau- 8U'Bah“'L‘”‘e A [RET
. . . Brenner-Zulaufstrecke Nord
in the_ tunnel. Because of the spfmal reach of ﬂ_le Spezialplatten O Siuiskiltunnel, Terneuzen (NL)
ing site and the structural conditions present with§ |astverteilungsplatten Q Stadtbahntunnel, Karlsruhe
these including single-track sections and isolateq fur den Tunnelbau QBoRlertunnel, NBS Wendlingen-Ulm
age sidings, the tunnel was also divided into zon 8$Ora'T‘;””f't:<’:‘TB3; Etel'””r‘]a”; :
- . . . H unnel Rastatt, arisrune-Base!
a maximum of 500 m in length. As well as displayif Mago-tunneling- O Cityringen, Erweiterung Metro Kopenhagen
total number of persons present in the tunnel the] specialboards QMetro Tel Aviv, Israel
trol room could then also produce a zonal picture ¢ Load distribution plates QU5 EUROPA-Viertel, Frankfurt/Main
headcount. In the event of a search and rescue op for tunnel constructions el R A R i e o, Bl
. . . . . Q Grubenwasserkanal Ibbenbiiren, Miinsterland
being required the Berlin Fire Service could the I o , , ——
A X . Weitere Informationen, Prifzerti kate und -zeugnisse: | More details and test certi cates:
dlspatc_h emergency personnel to individual parts TU@mago-pack.de o T +49 (0) 441 219 855-0 QF-29
tunnel in a target-oriented way.
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sure that a safe working environment was maint@8he@undesministerium der Justiz: Verordnung Uber Si
during each of the working phases. Embedding a fullgherheit und Gesundheitsschutz auf Baustellen (Baus
automated personal tracking system within the existingellenverordnung - BaustellV). Ausfertigungsdatum
data network proved to be a very e ective and-techn010.06.1998. zuletzt durch Artikel 1 der Verordnung
logically advanced response to the Berlin Fire Serviceism 19. Dezember 2022 (BGBI. 2023 | Nr. 1) geandert.
safety requests. e North—South-Tunnel of the Ber Online:

lin S-Bahn system was upgraded on schedule duringh&ps://www.gesetze-im-internet.de/baustellv/
six-week track possession and was then restored to fBHustellV.pdf

operation as a vital part of the city’s public trangpprtbaua: Technische Regeln fur Gefahrsto e (TRGS) —

network. Ubersicht tiber die Bekanntmachung zu Technischen
Regeln und Beschliissen. Online:
9 Literature https://www.baua.de/DE/Angebote/Regelwerk/

TRGS/TRGS.html
[1] Bundesanstalt fir Arbeitsschutz und Arbeitsmedi&n Deutsche Gesetzliche Unfallversicherung (DGUV):
(baua): TRGS 554 Abgase von Dieselmotoren. JanuaDGUYV Vorschri en. Online:
2019. GMBI 2019, S. 88-104 [Nr. 6] (vom 18.03.2019). https://www.dguv.de/de/praevention/vorschriften_

Online: regeln/vorschri en/index.jsp
https://www.baua.de/DE/Angebote/[9] Bundesanstalt fur Arbeitsschutz und Arbeitsmedizin
Regelwerk/ TRGS/pdf/ TRGS-554.pdf?__  (baua): TRGS 900 Arbeitsplatzgrenzwerte. Januar
blob=publicationFile&v=1 2006. BArBI. He 1/2006, S. 41-55, zuletzt geandert

[2] Bundesministerium der Justiz: Verordnung zum Schutzund erganzt GMBI 2023, S. 755-756 [Nr. 35] (vom
vor Gefahrsto en (Gefahrsto verordnung - GefSto V. 12.06.2023). Online:
vom 26. November 2010 (BGBI. | S. 1643, 1644), zu https://www.baua.de/DE/Angebote/
letzt durch Artikel 2 der Verordnung vom 21. Juli 2021 Regelwerk/TRGS/pdf/ TRGS-900.pdf?__
(BGBI. | S. 3115) geandert) 8 7 Grundp ichten. On  blob=publicationFile&v=5

line: [10] Bundesanstalt fir Arbeitsschutz und Arbeitsmedi
https://www.gesetze-im-internet.de/ zin (baua): TRGS 402 Ermitteln und Beurteilen der
gefsto v_2010/__7.html Gefahrdungen bei Tatigkeiten mit Gefahrsto en: In

[3] Bundesministerium der Justiz: Verordnung zur-arbeits halative Exposition. September 2023, GMBI 2023, S.
medizinischen Vorsorge (ArbMedVV). 18.12.2608, zu 898-920 [Nr. 42] (v. 11.09.2023)
letzt durch Artikel 1 der Verordnung vom 12. Juli 2019
(BGBI. | S. 1082) geéndert. Online:
https://www.gesetze-im-internet.de/arbmedvv/
ArbMedVV.pdf

[4] Bundesanstalt fur Arbeitsschutz und Arbeitsmedizin
(baua): TRGS 559 uarzhaltiger Staub. April 2020.
GMBI 2020 S. 306-319 [Nr. 16] (vom 27.04.2020), ber
ichtigt: GMBI 2020 S. 371 [Nr. 19] (vom 05.06.2020).
Online: Patrick Schneider,
https://www.baua.de/DE/Angebote/ )| Sc.
Regelwerk/TRGS/pdf/ TRGS-559.pdf?
blob=publicationFile&v=1

[5] Bundesministerium fir Justiz: Gesetz tber die Dt
fihrung von MaRnahmen des Arbeitsschutzes-zur
besserung der Sicherheit und des Gesundheitssc
der Bescha igten bei der Arbeit (Arbeitsschutzge
- ArbSchG). 07.08.1996, zuletzt durch Artikel 2
Gesetzes vom 31. Mai 2023 (BGBI. 2023 | Nr. :

— Executive Vice President,
CFT GmbH, Marl, Germany

) T $POUBDU
geandert. Online: atrick.schneider@cft-
https://www.gesetze-im-internet.de/arbschg/ArbScl P )
gmbh.de
pdf
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"EWBOUFD 3PBEIFBEFST NBLF
WBMVBCMF "EEJUJPO UP UIF
& DJFOU 3PBEIFBEJOH GPS UIF .JOJOH B

)#5 (NC) -UOFO %FVUTDIMBOE

5IF )#5 (SPVQ IBT BDRVJSFE B TUBLF JO UIF

(FSNBOZ CBTFE DPNQBOZ "EWBOUFD 5VOOFM

.JOJOH 4PMVUJPOT "T B SFTVMU UIF (SPVQ OPX JO
DMVEFT SPBEIFBEJOH NBDIJOFT JO JUT DPNQSFIFO

TIWF SBOHF PG NJOJOH FRVJQNFOU BOE DBO IFODF

GPSUI MJTU UVOOFM DPOTUSVDUJPO XJUIJO JUT AFME PG
BDUJWJUZ 51JT DSFBUFT B WBMVBCMF TZOFSHZ QPUFOUJBM
BOE QSFTFOUT B OVNCFS PG EJTUJODU BEWBOUBHFT OPU
POMZ GPS CPUI DPNQBOJFT CVU BMTP GPS DVTUPNFST JO
UIF NJOJOH BOE UVOOFMMJ-OH ') S LAUSTY DISFSBRD VANRVSSZ LFFQT WIJCSBUJPO MF
SFOUMZ VOEFSXBZ TFSWF UP IJHIMDWIWI UOH W& S TVBABEW DBIZ

PG UIF UVOOFM EJHHJOH SPBEIFBEF®FGY%BIFX2PFWHRNISBOTWFSTF DVUXJIOHIFBEBEIFHSUOHI
BOE DFOUSBM DPOWFZPS

.JOJOH r 5VOOFMMJOH r SPBEIFBEJOH NBDIJOFT r
.FSHFST "DRVJTJUJPOT r 4VQ?IW§:§t5keinAdvantec

Symmetry as a Design Instrument Advantec’s Tunnel & Mining Solutions division has

ensures Stability been 50% owned by the HBT Group since mid-2023,
thereby further extending the Group’s already signi

Structural symmetry is a key characteristic of the @R mining technology portfolio. Advantec has been

range of roadheading machines produced by Adwsgeciated with HBT for some time through collabora

Tunnel & Mining Solutions, Werne, Germé&ity. (). tion across several levels.

is feature has not been introduced for visual or aesHBT Automation (formerly EXPROTEC) is also

thetic reasons. ese machines can achieve a cuttittgoorating with Advantec in running a number of

performance of up to 400 KW and can operate-at cogoing projects. ese include the delivery of com

pressive strengths of more than 110 MPa. eir uniglete energy supply and control systems for the TDR

design concept means that the forward feed of themaahines.

ting tool is delivered from the centre of the unit. is

has a signi cant impact on operating performaAaeess to a new (Global) Market —

the force with which the feed unit works the rockuanel Construction

maintained at a high and consistent level. is helps to

minimise machine vibration and twist, even undefFtben HBT's perspective the decision to invest in Ad

toughest conditions — such as when cutting veryvaatgéc TMS was based not just on the need to expand

rock with the result that the TDR series achievéiseacompany’s mining equipment range by the addition

much longer service life. of roadheading machines and the synergy e ect that
this would create. As these machines are used not only

Advantec: in the mining industry but also in infrastructure tun

A Mining and Tunnelling Specialist nel construction projects HBT will now have access to

this hugely important market that is projected as having
Tunnel digging roadheader (TDR) machines niekmendous growth potential in countries such as India,
up the main product group of the Advantec Tunneéh&USA, Australia and Turkey.
Mining Solutions division (TMS). Advantec’s other One of the reasons for the widespread use of road
business lines include the development and produstexting machines in tunnel construction is that this
of durable, high-grade hydraulic cylinders and- hytiralinology o ers a very cost-e ective and exible so
lic power systems (Advantec Hydraulics) and the watlon for so to medium-hard rock. e deployment
wide industrial servicing of hydraulic systems andahfuall-face tunnelling machines involves much greater
ing machines (Advantec Industrial Service). cost and e ort for installing and setting up the-equip

HBT GMBH: GeoResources Journal 2 | 2024
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sic design concept unchanged the company has optec
for an ongoing process of machine development and
improvement. e roadheader product line not only
boasts the latest state-of-the-art technology but also
leads the eld as far as performance, durability and ease
of use are concerned.
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Four basic Models in the 20-t to 140-t
Range

e product line comprises four basic models that can
be identi ed by their operating weight:

TDR 20
TDR 55
'JH 5IF 5%3 IBT B DVUUJOH QFSGPSNBODF PGIDR40B PQUJPO UP VQHSBEF
UpP >L8 51F DVUUJOH BSN GFFE JT >NN TDRSI46VT BUUBDINFOUT DBO
CF AUUFE TVDI BT UIF SPPGCPMU ESIJIMMJOH BOE TFUUJOH EFWJDF TIPXO IFSF
Here by way of example is a brief review of the
ment and as a result such an investment only pay®r 100: this 100-t class machine can deliver an im
when building tunnels of a su cient length. pressive cutting performance of 300 KW (with the op
Some of the signicant advantages that rdiad of a 400 KW upgrade). e cutting arm has a feed
heading machines have to oer over conventiohB00 mm and is also designed for intrusion cutting. It
drilling+blasting methods include a reduced statado this from a xed standing position without hav
break-up, zero environmental impact from detondtigrto be move#ig. 2.
shock waves and various bene ts in respect of undexr TDR 100 delivers power with precision ir
ground ventilation and workplace safety. is teehn@spective of the operating environment. is even
ogy is therefore ideally suited to tunnel construdtioludes the most challenging geological conditions
projects in urban environments and when workingvbere the compressive rock strength exceeds 110 MPa

neath buildings. TDR 100 customers therefore have a machine that can
cut through rock and operate at feed rates in ways that

Focus on: The TDR Product Range would hardly be possible with equipment from other
manufacturers.

e Advantec range of roadheading machines has its
origins in the technology that was taken over figged Construction — the latest
Westfalia Becorit back in 1998. While leaving-theAbdomation

Every TDR machine — from the smallest to the largest —
has been developed from the ground up to cope with
the highest stresses that arise in the harsh undergrounc
environment. e hydraulic systems have been devel
oped and manufactured in-house and their reliability is
on a par with mechanical drive components such as the
TDR'’s bevel-helical gearbox.

e semi-automated cutting cycle follows a logical
automation and control concept and is also designed for
‘heavy duty’ operations. e same applies to the latest
generation of cutting hedelg (3.

High Performance, high Availability

e impressive cutting performance contributes just as
much to the TDR'’s e ciency as the fact that the ma
chine maintains a high level of availability even under

'JH &WFSZ 5%3 NBDIJOF m GSPNaE'JV eﬁRP@RﬁW&‘F‘EPdL}'B”% fost of this is down to
MBSHFTU m IBT CFFO EFWwFMP® Pighly wear-resistagisgopnggnents that are built
VQ UP DPQF XJUI UIF IJHIFT Ut therdebristcleargneepsystem. ese can easily be
JO UIF IBSTI VOEFSHSPVOE replaces whenrenuirediragdtipe entire conveyer instal
DMPTF VQ PG UIF DVUUJOH IRBoB has been designed to compensate for the short-

GeoResources Journal 2 | 2024 HBT GMBH:
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duration stoppages that can arise along the downstream
transport circuit (the loading system acts as a bunker).
is helps to maintain a continuous material ow
(Fig. 4.

A closer look at the water spray system tted to the
cutter head shows that the design team have planned
down to the last detail and have also ensured that re
sources are utilised responsibly. is system works so
e ectively that it signi cantly reduces water coasump
tion while at the same time e ciently suppressing dust
production Fig. 5.
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Each Machine built to
Customer Speci cations

v . rod know-h deroin the Advanldd 5!F FOUJSF 5%3 DPOWFZPS TZTUFN IBT CFFO &
ears of acquired Know-how underpin the AdvanieC 1 pgy EvsBUJPO TUPQQBHFT BMPOH UIF EPXO

deSign engineers’ ablllty to adapt each machine to the MPBEJOH TZTUEN DBO BDU BT B CVOLES
individual requirements of the user and the application

in question. e machines are built to order and there is
a huge range of design options available to choose from.

A Global Reach —
a single Production Centre

TDR machines are in action all over the world — and the
Advantec servicing division is thereRigo §. is
means that customers have access to on-site service and
support almost everywhere. is global footprint hasH 51F 1IJHIMZ FiFDUJWF XBUFS TQSBZ TZTUFN XE
become even more close-knit as a result of Advantecs JO BDUJPO BU UIF DVUUJOH IFBE 5I1JT IBT CFF
deeper cooperation with the HBT Group, which also DPOTVNQUJPO BOE FIiDJFOUMZ TVQQSFTT EVTIL
has a global reach.

e relocation of Advantec TMS to the Westfalisompanies to develop further synergies in the years
Campus in Lunen (North Rhine-Westphalia), whichhgead — not only in design & engineering but in the
also the new home of the HBT Group, will enable patduction eld too.

'JH "EWBOUFD 5%3 NBDIJOFT BSF PQFSBUJOH JO BMM LJOET PG NJOJOH BOE UVOOF
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Remanufacturing: new from old Advantec is also involved in several civil engineering
and tunnel construction operations in Australia. Here,

A er many years of service, when Advantec roadheedierether projects, the cooperation and know-how ex

reach the end of their ( rst) useful life, they are stittfange taking place within the HBT Group has already

from being classi ed as ‘scrap iron. is is where-Adyaoved to be a valuable asset — for example,-when de

tec is able to provide a general overhaul and rengeatyamg drilling units supplied by the Australian com

service. is operation is not restricted to the compapgisy Waratah, which is also part of the HBT Group.

own products — for mining and tunnelling machines

from other manufacturers can also be refurbished and

adapted to customer preferences. is provides users

with an opportunity to avail themselves of the latest

technology and design options — all based around fhgir Group

‘old’ machines.
51F )#5 (SPVQ JT BO JOUFSOBUJPOBN

QFSGPSNJOH NJETJ[FE DPNQBOJFT U
GPSDFT UP DSFBUF B GVMMZ JOUFHS
F(g)E TPMVUJPOT GPS UIF NJOJOH BOI

Current and future Projects

A look at the list of both reference and ongoing proj
shows the wide range of applications open to Adva
roadheading machines. Current examples include phos
phate mining operations in Morocco and Egypt an E"!EEH XUE: :/I ’\;SGP \B/SFU‘II'DZ.'IF'S ,E z iB !;LFE IJFOB IIE
number of coal mines in Poland, Kazakhstan, ChiE

India and Australia. India’s largest coal producer C_?% SVQUJJNIID’\(/;I'BI'SGII:DF;V;\(/?LT;NO;U JFPMOF I; LéSEJDDF

India Limited is planning to increase undergroqud R
. . . IF )#5 (SPVQ IBT JUT IFBE PiDF BU -
production to 100 Mt by 2028 and to achieve this tarI OF 8FTUQIBMJIB

get will be deploying Advantec roadheaders as well
equipment supplied by HBT. PSUBDUQT ICU HSPVQ DPN

JOH BTIMJBUFE CSBOE OBNFT TVD
#SFVEFES .PUPST "EWBOU+D BOE 1
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E ective Dust Control in Mining means substantial Cost Savings

4DSBQF5FD 5SBEJOH (NC) ,BNQ -JOUGPSU (FSNBOZ

&I FDUJWF EVTU DPOUSPM JOG NJOJOH BOE NBUFSJBM IBO
EMJOH JT FTTFOUJBM GPS DPTU TBWJOHT PQFSBUJPOBM FG
ADJFODZ BOE XPSLFS TBGFUZ 4DSBQF5FD QSPWJEF JO
OPWBUJWF DPOUBDU GSFF EVTU TVQQSFTTJPO TZTUFENT
MJIJLF %VTU4DSBQF BOE "JS4DSBQF XIJDI TIHOJADBOUMZ
SFEVDF EVTU ENJTTJPOT NBUFSJBM TQJMMBHF BOE FY
QMPTJPO SJTLT BU DPOWFZPS USBOTGFS QPJOUT GS5IFTF
EVSBCMF TZTUFNT NJOJNJ[F NBJOUFOBODF OFFET

FOIBODF CFMU MPOHFWJUZ BOE SFEVDF FOWJSPONFOUBM
JNQBDU XIJMF EFMIJWFSJOH TVCTUBOUJBM TBWJOHT

.JOJOH r 2VBSSZJOH r $POWFZJOH r %YFEVTUJOH>r
&YQMPTIPO QSFWFOUJPO r $PTU FIDJFODZ r
1SPEVDU OFXT

Specialists from ScrapeTec work together to o er de
pendable solutions for speci ¢ problems at the transfer
points of conveyor systems in many industries widte 4DIFNF 1JHIMZ FIFDUJWF BHBJOTU EVTU GPSN
dust and material spillage are concerns, including in
mining and quarrying. new dust prevention guides and can prevent health and

“ e risk of explosions caused by dust emissionsafety issues on site. is advanced system also mini
conveyor belts is an ongoing problem that enginméees product loss by e ectively preventing material
around the world are trying to prevent. ScrapeTetogx escaping into the surrounding environment. As a
perts developed a new dust control system abo@sslk users benet from substantial savings of energy,
years ago that is proving to be highly e ective -hooesekeeping and maintenance costs, without the need
only for preventing dust formation and material $pilthe collection of material spills.
but also to minimize the risk of explosion at critical sec
tions along the conveyor route and transfer pointd.asd Material Loss
for more e cient belt-cleaning,” explains Torsten Koth,
Sales and Distribution Manager for ScrapeTec —-Asgerding to Koth: “In a recent installation we were
cialists in the development of dust suppression syatdsrt® solve many production problems for a customer
for diverse industries. ScrapeTec products, whiclwharevas losing almost 5% of materials on conveyor
engineered in Germany to pristine quality and émlis as a result of dust and material spillage.”
ronmental standards, are proving to o er even greatBustScrape consists of a durable Itering cloth that
operational cost savings in materials handling-thae arstalled above the conveyor belt. is cloth retains
ticipated at the launch of the range.

Apart from the benet of cost savings, DustScrape
and AirScrape dust suppression systems are highly e ec
tive in minimizing exposure of workers to environmental
pollution, which is a major problem caused by fugitive
dust in dry bulk handlingig. 7). Although conven
tional dust prevention side-seals do reduce conveyor
problems in the short-term, these components quickly
deteriorate as a result of friction and can also damage the
conveyor belt during extended periods of use.

Contact-free
Conveyor Belt Skirting System

e success of the combination of the DustScrape and

AirScrapecontact-freeconveyor belt skirting system

lies in the e ective energy-e cient dust suppression.

is compact and easy to install skirting adheres to most 4ZTUFN XPSLJOH GPS B DVTUPNFS

Koth: GeoResources Journal 1 | 2024
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dust particles created by conveyed materials-wh#gstem exhibits practically no signs of wear. is durable

maining permeable to circulating air. is long-lastisgstem consists of non- ammable and anti-static polyu

Iter cloth, which has cleaning and dust-releasing petipane materials and blades made from stainless stee

erties, is available in a range of grades (includin§@Atiapproved materials are also available for specic

static features) for speci c applications — for exaogsieeyor handling applications.

for surface or underground mining. e dust retaining e SureSupport system works in conjunction with

Iter cloth, which is manufactured in rolls, can-beDeistScrape and AirScrape to deliver support-and sta

tended to any required length and is suitable fobidityyto the belt at transfer points. Other advantages of

conveyor belt width. this system include quick and simple installation, as well
as reduced maintenance time and costs.

Easy Application e PrimeTracker ensures that the belt is always
correctly aligned during operation, thus eliminating

e DustScrape dust emission prevention system corablems with belt mistracking. e TailScrape system

prises a lIter cloth, support arches and skirts, armsh@nces the performance of the AirScrape by sealing

hold the system above the belt and a rubber curttie taansfer tail in the rear area and also uses the Ventur

eliminate further dust development — all sized- toespet to prevent dust generation and material spills. e

ci c requirements. is system is easy to install andintgiligent blade structure on the bottom of the system

be retro tted to existing conveyors for continucus @pates negative pressure in the conveying area, thus pri

eration and for extended periods. venting any escape of materials. Dust is kept in-the mate

e contact-free AirScrape conveyor belt skirtinigl ow by the intake air stream.

system is a highly e ective side-seal that lies contact-less

over the conveyor belt and creates negative air pressure

on the belt due to its specially designed blade structure.

Because this system hovers freely above the conveyor

belt, skirt friction and belt damage are eliminated and

the service life of every component of the conveyor is

extended. Conventional skirting is pressed againsiTiersten Koth

conveyor belt to keep dqst anq material in th_e _rmddl Qf TQFDJBMITU .

the belt, but a er a certain period belt and skirting wi FOEMIOH EVTU HE

can b_e SO severe that material z_ind dust begin to eS¢, sPM DPOWI GFS

Material spillages at transfer points have to be rem

and regular maintenance is needed at the belt skirfing

and transfer points.

JOUT

Designed for long-term use
in harsh Conditions

. . . POUBDU
Studies show that even ve years a er installation, %d]_ PUIITDSBQFUFD DPN
with continuous use in harsh conditions, the AirScrape ’

GeoResources Journal 1 | 2024 Koth:
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4JUVBUJPO 6QEBUF PO %SJWH
SSBDLMFTT -PBEJOH BOE 5SB(
&RVIQNFOU JO 6OEFSHSPVOE

Dipl.-Ing. Karl-Heinz Wennmohs, M & R Consulting Mining & Rock Excavation, Witten, Germany

Special Topic

Trackless loading and transport equipment for the
deep mining industry has to become more envi
ronment-friendly and in this way contribute to
the decarbonisation process. It is still not clear as
to how future driveline technologies will develop
from diesel powered units to alternative systems.
This paper aims to take stock of the situation and
will examine future development prospects, op
portunities and risks from a manufacturer and an
operator perspective.

.JOJOH r 60EFSHSPVOE NJOJO Hrig: 1: GHH MK-42 dump truck tted with the latest diesel technology in Tier
5SBDLMFTT WFIJDMFT r -PBEJOH r 588¢dTen4 salyersion with Stage V upgrades

%SIJWF TZTUFNT r %FDBSCPOJTB U J PO @gryTolit s gRopk

&MFDUSJD r )ZESPHFO r *OWFTUNFOU

When drawing up their operational plans many equip
ment operators and manufacturers now attach a high
priority to switching away from diesel motors still
the dominant drive technology for trackless loaders
and transport vehicles in underground mines — and
towards more sustainable systems. e aim of the
planning brief is to ensure the decarbonisation of the
underground environment in as timely a manner as
possible. e period that has been set to achieve this
objective cannot be precisely de ned for a variety of
reasons. One of these is a lack of impulse on the part of
the mining companies to make investments in mines
that operate diesel technology, as the latter — tho&@h# Paus PMK 12000 dump truck
may well be cutting-edge stu — is nevertheless set to Picture: Hermann Paus GmbH
be phased oui¢. 1).
Add to this the lack of willingness on the part of
manufacturers to create production lines and supisitory, Status and Development of
chains for new vehicle drive technologies. Sueh drsitkless Vehicles in the Deep Mining
ation can lead to risks for manufacturers, as the ekidingtry
portfolio of loaders and transport equipment will still
be manufactured and marketed and will still be needgtl the picture is somewhat blurred, it has been
to ensure the economic success of the company. &dimated that there were in the region of 22,000 track
ing up production with new drive systems is somelbssgoading and transport vehicles operating in the deep
that cannot be done in a short time as even the nmairkieg industry worldwide in 2022. About 65% of this
— apart from a few exceptional cases — is not readygordtwere mobile loaders, i.e. LHDs tted with various
is means that a smooth transition from conventiortgpes of drive systdrg( 9. Most of these units were
drive systems by running down the existing produstibbpowered by diesel engines. ey came in a range of
lines and powering up the new technology canneizbe and some were tted with diesel engines that were
fully planned for and is only partly achievable imtiestate-of-the-art in terms of emissions technology.
near term. Electric powered LHD loaders with power supply
It is also impossible to predict at the present tiaides have been in use for something like 50 years. e
just what kind of solutions will be chosen for the ‘tead-dependent cable drum control system has under
drive technology. gone a number of modi cations in recent tifite(

Wennmohs: GeoResources Journal 2 | 2024
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Fig. 3: GHH LF 19EB LHD loader with cable drum
Picture: GHH Solid as a Rock

Fig. 4: Epiroc MT 42 SG dump truck

Picture: Epiroc

Fig. 5: GIA/Epiroc KIRUNA ELECTRIC dump truck

Picture: Epiroc

is particular machine stock has seen a replacement
demand of between 2,500 and 3,000 units a year. Suct
a market potential is set to increase assuming an annua
growth rate in this market segment of 2 to 3% up to the
year 2040.

e switch from diesel to electric motors is not a
new development, as electric LHDs with cable drums
and dump trucks with trolley-wire systems have been
used by the mining industry for decades.

While for the rst electric powered LHDs, which
were introduced around 1970 [1], the conversion — sim
ply put — involved replacing the combustion motor with
an electric one, along with switching elements and cable
drum, the rst dump trucks to feature a trolley-wire sys
tem were tted with an electric motor on each axle. One
such example is the electric powered Kiruna truck with
its pair of electric motoFsy. 5. is machine was de
veloped from the diesel driven Kiruna Truck that had
only one driven axle.

For reasons of cost the manufacturers reveried to us
ing existing standard components for the drive systems
as the market was too small for a redesign and any suc
investment would not have paid o . ese systems laid
the foundations for electric drive technology that in
some respects is still being used on the models of today

e dierent types of LHD loaders and dump
trucks currently available from the manufacturers are
variously equipped with electric motors. When-an elec
tric motor is being tted to a diesel powered machine it
generally retains the same drive train with its gearbox
and axles. e electric power is then delivered via a cable
or battery system.

e performance of mine loaders and trucks is now
being boosted by tting two electric motors for the
drive mode. Here each axle is driven by its own motor
and the drive train will have fewer components than the
diesel version. e advantages of having an eleetric mo
tor at each axle can be used to good e ect when it come:s
to braking e ciency and power control.

Another option is to t four wheel traction motors
(Fig. 9. is technology o ers the best solution from a
drive point of view and the drive train that wowld nor
mally be required can be dispensed with. An important
factor to be considered here is that the motor units must
be very well protected as they will be installed-in an ex
posed position. Machines using this type of motor drive
technology should be provided with a motor control
and these improvements have signi cantly prolosgstem.
the lifetime of the power supply cables. [2] As well as the cable-fed and the battery powered

Dump trucks, which make up around 35% of uhés there is also a hybrid version of the mine loader
total eet, are for the most part diesel povireged)( available. In this case the diesel motor is used to drive
Many of these vehicles are still running with the aldggnerator that then supplies power to the machine’s
type of diesel motor. ere are very few electrically pelectric motord={g. 7). e developers of this system
ered dump trucks in service equipped with trolleywere perhaps taking a long-term perspective in believ
and/or conventional battery systems, while the ingtthat with this type of drive arrangement the diesel
series-produced dump trucks with new-generatiomizsior could at some later stage of the manufacturing
teries are now being introduced on to the market.[Rfocess be replaced by an eco-friendly drive unit. is

Nearly all the manufacturers have gone for bateknology will also be applied as a medium-term solu
type electri cation for their latest model developmeius.for dump trucks.

GeoResources Journal 2 | 2024 Wennmohs:
www.georesources.net Situation Update on Drive Systems for Trackless Loading and Transporting Equipmer
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All electric drive trains also require several electric
motors to power the cooling and hydraulic systems.

Decision criteria for diesel-free systems
at brown eld and green eld project sites

e plans that mines are now making for diesel-free
transport operations, particularly when it comes to
brown eld projects, are now contingent on the eco
nomic viability of the new machines. Capital-invest
ment, operating costs and the potential performance
gains resulting from higher travel speeds are all being
factored into the equation. e following decision-mak
ing criteria are just some of the factors to be taken into
account when planning such a fundamental operational
transition [1]:
Emission-free operations
Reducing or completely eliminating diesel motor
emissions brings a decisive improvement t
working conditions below ground. e develop
ment of the latest generation of diesel motors for to
day’s state-of-the-art vehicles has been a major step
in this directionHig. §.
Lower energy costs
Because of the substantial di erence in e ciency,
electrically powered vehicles require less energy.
However, a major factor in this assessment is how,
and at what cost, is the electrical current pro
duced. [2]
Reduced heat emission
Higher e ciency means that less heat is genegated:
and this has a positive impact on the mine climate.
e cooling system for the hydraulics and the liquid
cooling required for the motors also generate heat
that is released into the surrounding air.
Higher power outpuiFig. 9
If the diesel motor on a given class of loader or dump
truck is replaced by one or several electric motors it
is then possible to t higher-powered units that have
a greater amount of power in reserve, particularly
when operating at full load. is advantage is espe
cially felt on uphill runs where higher travel speeds

can be reached. Higher speeds mean a greateFitrats-

port capacity and hence reduced costs.

Lower noise levels

Electric motors generate less noise than €ombus
tion engines. Safety regulations in many countries
indicate that in future most of the vehicles sold
will have to be tted with driver's cabs. As these
o er a high level of protection, depending on their
design, the driver’s workspace will henceforth be
very well protected from noise and vibration, espe
cially on machines equipped with electric motors
(Fig. 10.

Savings on maintenance and repair

is aspect is now being increasingly highlighted as
a positive characteristic of electrically powereg;ye.
hicles. It is certainly correct to point out that these
machines require fewer components for their drive

dzlg.]g: Sandvik TH665 B dump truck with four wheel traction motors

Picture: Sandvik

Komatsu WX 22H LHD loader with hybrid drive
Picture: Komatsu

Service truck with the latest diesel technology — Paus Uni 50 LP-IH
(Idler Handler)

Picture: Hermann Paus GmbH

Sandvik battery powered dump truck with
traction motors
Picture: Sandvik

Wennmohs:
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been planned to supply power to any electrical equip
ment on site [1]. e conversion from diesel to electric
power was not foreseen when the underground electric
network was being laid out. For many mines the transi
tion all comes down to cost. e total budget for new
machinery and the extra cost of retro tting the €lectri
cal installations cannot be met by every mine. Capital
investment of this magnitude cannot easily be realised,
especially when it comes to production faces that are
located some distance from the sha s and ramps.
Advocates of battery technology will favour the use
of battery powered loaders and dump trucks for these
distant workplaces — on the grounds that batteries can
be charged at places that are far away from the deploy
ment point. is saves on the huge costs that would be
incurred for retro tting the electrical equipment in the
system. However, any electrical assembly is quijéattion areas. Finally, the power supply network
to malfunctions and repairs and/or replacementtéhe battery charging point must be t for purpose
be an expensive business. A key factor here isatalesllowance has to be made for the fact that a bat
sure that skilled personnel are available to cartgrgupack weighing several tonnes may have to travel
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Fig. 10: Sandvik TH665 B dump truck with battery changeover system

Picture: Sandvik

work of this kind. back and forth if the charging station is not located
Reduction in ventilation and air-conditioning within the operational range of the machine in ques
costs tion (Fig. 1).

e prescribed volume of fresh air required per When it comes to green eld projects the -invest
diesel-kilowatt is a signi cant cost factor for nmment required to set up an electric powered system of
operators. If the diesel consumption can be redaaddrs and mine trucks is part of the overall budget for
or even avoided altogether huge energy costs ttenrtssv mine and is tied into the pro tability analysis.

o0 set by savings on ventilation output. News bulletins announcing projects of this kind-are fol
Savings on the pro le dimensions of the minkwed with interest by the wider public as this means
workings that something fundamental is being done for the work

Electri cation and the elimination of diesel povierce and for the environment.

can signi cantly reduce the air ow requirement. InOnly time will tell just how sound and how success

theory, the cross sections of the mine openingiilcare the decisions that have been and will be taken in

be optimised to match the size of the machinethisearea.

ing deployed without the expense of having o main

tain a high air velocity. Considerations of this Ksttmmary and outlook

will be incorporated into the future mine planning

process. Savings made on tunnel drivages andeotharket for mine loaders and transport vehicles will

excavations will help reduce costs. continue to grow at a steady rate.

Yet while press announcements o en highlight the

Most mines are based around brown eld projetteduction of electrically powered vehicles, the mar
where electrical installations already exist, these kaviigystill mainly buying machines tted with diesel

Fig. 11: Epiroc Scooptram ST 18 SG loader

Picture: Epiroc
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motors. e equipment being sold in the years 2021
and 2022 shows that the breakthrough to a sustainable
decarbonisation has still not happened.
e market leaders on the supply side of the sec
tor have been promoting a range of innovations aimed
at ensuring diesel-free vehicle operations and when it
comes to the new developments battery powered solu
tions with a changeover system seem to be the industry’s
preferred choice.
Further improvements have also been made to cable-
based solutions for LHDs and the maximum transport
capacity has now been set aF’h 1LQ. Battery pow
ered LHDs can now haul up to 18 t, while the hybrid
version can manage 22 t. Some types of battery powered
dump trucks have now been designed for a transport ca
pacity of as much as 65 t.
One well-known manufacturer has developeggai2: Toro LH 625 IE LHD loader with supply cable
‘fast-charging system’ for its range of Idedesy( Picture: Sandvik
is technology allows the battery to be charged in a
very short time — less than 20 minutes. is does away
with the need to swap batteries, an operation that also
takes a certain amount of time. is fast-charging sys
tem requires a charging station of su cient capacity
along with the electrical output to match.
e mining sector still operates electric powered
dump trucks tted with the trolley-wire system, though
relatively few vehicles of this type are now in use. ere
are no indications at present of any further develop
ments in this technology.
Hydrogen is now being openly discussed as ‘the’
possible splu_tion for all kin_ds of applications. HOWE}/?ES: Caterpillar R 2900 XE LHD loader with battery unit
hydrogen in its pure form is not generally available but bicture: Cateroil
. ) . pillar
must be produced by electrolysis, for example, and this
requires electrical energy. In this process, therefore, the
price of energy is a key factor. New methods ef hydro
gen production are currently being developed.
With a hydrogen motor driving a generator, or
operating directly through a fuel cell, electrical energy
can be generated to provide the driving force needed
to power mobile equipment. e technical possibilities
of this technology are now being tested. When using
molecular hydrogen it must be remembered that the
highest safety standards must be met when refuelling.
Moreover, in view of the high operating pressures of
up to 700 bar the tank itself must have a suitable wall
thickness for the amount of energy required and must
also be installed in a secure position on the vehiclgg @ 4: projected sales share of electric LHD loaders and dump trucks in the
liguefaction of hydrogen at —253 °C also enables a high period to 2040
energy density to be achieved. However, the vehicle source: M&R Mining & Rock excavation
tank and the Iling equipment must be isolated accord
ingly. or above it, to supply the current needed by the electric
It has become important for the mining indudtifDs and dump trucks.
to take the necessary steps to introduce electric motbis still hard to present a clear picture of how this
technology in order to improve working conditiensrbarket will develop between now and Zoz.019).
low ground and at the same time to help protect theremptimistic assessment of market trends suggests
vironment. When deciding on actions of this kind th&t sales of trackless vehicles may eventually grow by
vital that the required electrical power is available mrthand 3% a year and that the quota of eleetric ma
form of sustainable energy. Diesel and gas poweretigen sold each year could increase to some 50% by
erators should not be employed, whether below g2l
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e solutions being developed both now and = . :
the years ahead will help drive the decarbonisat PIPl.-Ing. Karl-Heinz
the underground mining environment. e crucial fe Wennmohs
tor here will be the technology choices availabl¢ M & R Consulting
whether these prove to be workable, sustainabl Mining & Rock Excavation,
economically viable. Witten, Germany

=
)
-
.
o
@
o
0p)

Source material

is article is based on a publication by the author t

was presented at the" Tolloquium on ‘Materials $POUBDU
Handling in Mining’ held at Clausthal University khw-wit@t-online.de
Technology on 31.1.2024.
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1SBDUJDBM .PEFM "QQSPBDI
CFUXFFO 10--69 &4NQMBDFNFO
BOE UIF 4QBUJBM 5IFSNBM 3BJ
JO %SZ 4BMU (SJU #BDLAMM

*CSBIJN "MTBMBNJO -PVJT 4DIBBSTDINJEU 1SPG %S *OH )FMNVU .JTDIP 56 #F

(FSNBOZ T OVDMFBS XBTUF SFQPTJUPSZ SFTFBSDI
GPDVTFT PO TUPSJOH IJHI MFWFM SBEJPBDUJWF XBTUF
JO TBMU GPSNBUJPOT VTJOH 10--69 DPOUBJOFST EF
TIHOFE UP XJUITUBOE UFNQFSBUVSFT VQ UP z$
3FDFOU TUVEJFT BU 56#"" TVHHFTU UIBU BEKVTUJOH

UIF DPOUBJOFS T QPTJUJPO XJUIJO B USFODI JO UIF
IPTU SPDL DPVME FOIBODF IFBU USBOTGFS QPUFOUJBMMZ
SFEVDJOH TVSGBDF JOUFSJN TUPSBHF UJNFT BOE PQUJ
NJ[JOH VOEFSHSPVOE TQBDF 'VSUIFS NPEFMJOH BOE
TDBMJOH BSF QMBOOFE UP WBMJEBUF UIFTF AOEJOHT BOE
FYQMPSF UIFJS JNQMJDBUJPOT GPS SFQPTJUPSZ EFTJHO

.JOJOH r SBBEJPBDUJWF XBTUF r SBFQPTJUPSZ NJOJOH>r
.PEFMMJOH r SFTFBSDI

1 Introduction and Motivation

High-level waste (HLW) repositories are underground

facilities designed to safely isolate radioactive waste

from the biosphere for an extended time period, up to

one million years [2]. e objective is to ensure that the

radioactive decay of the isotopes within the waste occur

in a safe geological environment down to a level Where o\ - ey yIPO CFUXFFO UIFSNBM DPOEVDUJW.
they nally pose only minimal risk to humans and the g oE UIF UEN QFSBUVSF < >
environment. Germany’s high-level radioactive waste

only makes up about 5% of the total radioactive waste

volume, but is accounting for 99% of the radiationdezate. erefore, the idea is to optimize positioning of
[3]. Germany expects to store 1,900 large containirs BOLLUX to utilize the early stage of disposal and
high-level waste, equivalent to around 28,100 cubitheneccurring heat transmission to optimize the overall
ters by 2080 [4]. HAW repository design.

e safe management of HLW has been a constante spatial distribution of heat around the -con
challenge for the global nuclear energy sector. ertasrer is a ected by the varying heat conductivity ca
numerous varieties of containers, e. g. CASTORpednilities of the back Il and solid rock. is led to the
tainers are dual-purpose casks with a cylindrical lsjya@éesis, that the heat dissipation towards the host
and utilized for intermediate storage and transporook will be higher by increasing the contact area of the
surface, while smaller containers, like the POLBODLLUX container with the host rock. In order-to as
for instance, are speci cally engineered for the usess this, TUBAF conducted a Master esis research
ground nal waste disposal of spent fuel elements [Fpfct with down-scaled in-situ experiments in the
Figure 1shows the relationship between an incred$itigckauf” rock salt mine in Sondershausen (Gluckauf
back Il density, thus decreasing permeability, the Swndershausen Entwicklungs- und Sicherungsgesells
mal conductivity and the heat dissipation over time mbH (GSES), uringia).
within the back Il body in the direct vicinity of the TUBAF is operating an underground research site
HLW container. It highlights that it is generally destreste with two full-scale and fully instrumented back
to have heat transmission into the back Il but shdviedies, that are continuously monitored for several
that this is not up to a desirable level in the begimpairameters. ese two back Il bodies and the adjacent
due to high back ll-porosity. Porosity will decreasetesessite, which where predominantly used for BMUV-
time with increasing compaction, i. e. due to-cofwveded GESAV and SAVER project series, in which the
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system to log all the data acquired from the temperature
sensors. is integrated system underwent two types of
pre-testing: the rst involved assessing the accuracy of
the sensor readings, while the second focused on exarr
ining the distribution of heat along the cylinder.

2 Experimental Approach
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e investigation of the hypothesis of increased heat
dissipation depending on an optimized position of the
container within the dri and, thus an increased contact
surface area, has been de ned as the major task with
in the Master’s thesis. is comprises both the design
and implementation of an experimental setup and the
development of a model to simulate this. e general
idea was to design a miniature model of a POLLUX
container, that contained a heat source to simulate the
thermal radiation caused by residual heat of the nuclear
waste within the container.

e heating setup Fig. 2 consists of a solid-alu
minum cylinder that contains the heating bullet with
su cient output on the inside. e temperature inside
was monitored with a built-in sensor to ensure con

'"JH )FBUJOH TFUVQ TIPXJOH UIFSRY H9ING,Wih 3 §lakje temperature. Furthermore,
MEFGU BOE IFBUJOH DPOUSPRASERSOr was always kept in direct contact with the
surface of the cylinder to track and regulate the surface

characteristics of matrix-stabilized back Il are -investiperature.
gated, were also used to host the practical testing of ttoeighout all the conducted experiments, an ex
heat test setup. e laboratory test was carried oueinal temperature controller connected to an external
the TUBAF laboratory facilities in Freiberg (Sax@®ysor was used to regulate the temperature of the cyl
and aimed to minimize the in uence of variable fadtaler, while an internal temperature sensor controller
that could impact the results, while the in-situ testpraxéded a control circuit. It was decided to use the
providing a research environment with a higher-prasternal sensor for regulation, since for the experiment
ity to reality. and future application the surface temperature of the
e development and installation of the POLLUXeontainer is of higher relevance due to direct contact
dummy and the emplacement position within the katst the host rock and back Il material. e control
rock requires a research installation consisting-of ddneatnd other electrical components of this setup were
ing system designed to replicate the conditionseotased within a durable electrical enclosure in order to
POLLUX container in real-life situations and a loggirgget the necessary safety regulations for an applicatior
within a mining environment.
e logging system is comprised of a Sparkfun Open
Log Artemis (OLA) microcontroller, which can either
be powered by a direct current (DC) battery or a univer
sal serial bus (USB) with a type C cable. e latter can
be connected to a computer for real-time data logging
or to a power pack. In order to prevent a data4oss dur
ing the test trials, a micro-SD card is inserted into the
micro controller to save the data obtained from-the sen
sors. Additionally, a multiplexer is utilized to connect
the sensors to the microcontroller through an ampli er
for each sensor. e system components are connected
by using QWIIC cables from Sparkfun. All applied sen
sors are thermocouple type K sensors that can measur
temperatures up to 400 Fg)(3

2.1 Pre-Tests

Since no pre-calibrated sensors for the application in
"JH -PHHJOH TZTUFN TFUVQ rock salt back Il materials have been available,- ermo
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couple Type-K (temperature measuring probes) were
ordered without any specic calibration. In order to
check the suitability of the sensors, it was necessary to
do a receiving inspection to assess how much-they devi
ate from each other and if their quality is su cient for
the experiments. erefore, several pre-tests had to be
carried out.
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2.1.1 Logging System Water Pre-Test

is test aims to compare measurements among all

sensors at a specic temperature in order to obtain

basic information about accuracy and standard devia

tion, if any are present. It was expected that all sensors

would show readings within a + 1.5 °C di erence. To

achieve this objective, water was used as a liquid §9vi _pHHJOH TZTUFN XBUFS QSF UFTU 5IF UVCF
ronment to obtain uniform and consistent results. e DPOUBJOT UIF IPU XBUFS BOE UIF DPWES IPME
water was initially heated up to a de ned temperature, TFOTPST XIJMF MPHHJOH UIF SFBEJOHT

then the sensors were allowed to cool down te the am

bient temperaturéig. 4. is entire procedure was

repeated three times to ensure the accuracy-and reli

ability of the measurements across di erent tempera

ture ranges.

2.1.2 Heat Distribution 3-Dots Pre-Test

is test aims towards the evaluation of the heat distri
bution along the surface of the cylinder. e examina
tion used three sensors, two of which were connected
to the logging system, and one directly connected to
the external temperature controller. Moreover, each
trial was conducted at a marked line along the cylinder.
Finally, the test was conducted twice, with the sensors
arranged linearly for the rst and in a triangularforma
tion for the second triglg. 5shows the linear arrange
ment along a section of the cylinder circumference.

2.1.3 Beta Model Experiment 'JH )FBU %ITUSPO %PUT 1SF 5FTU -JOFBS

. . . BSSBOHFE TFOTPST USBJM
is model was created to evaluate the functionality and

integration between the logging and heating systems, as
well as functionality of the components within each
system. e beta model is essentially a box of plywood
that was lled with dry salt grit, which is the same mate
rial that acts as preferred back Il material in the current
emplacement design. e POLLUX model was heated

up and the logging system visualized the temperature
increase for each sensor in real-time on a connected lap

top (Fig. 9.
2.2 Pre-Test Result Discussion

2.2.1 Logging System Water Pre-Test 'JH  #FUB NPEFM TFUVQ TIPXJOH UIF IFBUJOH TFU
DPOOFDUFE XIJMF QFSGPSNJOH UIF UFTU

In the rst trial, the highest temperature registered

amongst all sensors was 85 °C, which then declipedsisted in the third trial, ultimately reaching 66 °C.

74 °C in the second trial due to a relatively rapid cof@lrlg 1contains the retrieved data.

down of the hot water as a result of the relatively lolach of the sensors displays either identicat or close

ambient room temperature. Decrease in tempergtagned accuracy measurements when placed in both
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5BCMFPHHJOH TZTUFN XBUFS QSF UFTU SFTVMUT JO IPU XBUFS BOE SPI

o
o Water Pre-Test Results
o . - .
= Cl Trial 3
iE Hot Room Hot Room Hot Room
O Sensor
8_ water 1 | temperature(l water 2 | temperature|2 water 3 | temperature
0p) 1 83 23 64

2 84 23 64

3 83 21 22 64 23

4 82 21 22 23

5 82 214 22 23

E 24 24 66 24

controller. It is essential to highlight that the monitored
data originating from Sensor E are logged since it is just
included in the control circuit. Al the other sensors are
connected to the logging system. e outcomes derived
from this preliminary test ensure the precision-and ac
curacy of the readings provided by the sensors as wel
as a rming the suitability of the system for application
within the experiments.

2.2.2 Heat Distribution 3-Dots Pre-Test

For this pre-test, the inner temperature of the minia
'JH -PHHJOH TZTUFN XBUFS UFTU GVMM SFTVMMb@_@@){&W%ym@eBWaégékb 260°C. e

actual temperature was meanwhile monitored with
the hot water environment and the room temperatueeinternal sensor and uctuated between 258 °C and
setting [fig. 7). However, it should be noted that s@83 °C. e readings were taken simultaneously. us,
sor E demonstrated marginally elevated readindise thistinction among the sensors in each trial is the pre
order to maintain a proper and quali ed test set-ugisé@ location from which the reading was obtained. In
is worth mentioning that this sensor is connectetthdorst measurement location along the cylinder, the
the external temperature controller and is thereforeeaatings display a di erence of up to 4 °C in each trial,
connected to the ampli ers like the rest of the serasoswith a maximum average di erence of up to 4 °C
as this could lead to marginally di erent readings bydtveeen the trialaple 9.

5BCMF )FBU EJTUSJCVUJPO EPUT QSF UFTU SFTVMUT JO MJOFBS BSSB

Linear Arranged Sensors

1

2 168 166
E 166 163
Average 168

5BCMF )FBU EJTUSJCVUJPO EPUT QSF UFTU SFTVMUT JO USJBOHMF B¢

Triangle Arranged Sensors

Sensor/ [°C] Trial 1 Trial 3

1 182 186 182
2 186
E 188 182
Average 184 188 183
GeoResources Journal 2 | 2024 Alsalamin, Schaarschmidt and Misck
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In the triangle test, the readings display a dier
ence of up to 4 °C in each trial, with a maximum aver
age di erence of 5 °C between the e (3. e
outcomes derived from this pre-test can ensure that the
distribution of heat along the solid aluminum cylinder
is nearly uniform and dependable within the expected
ranges for this type of set-up and sensors, thereby prbv 1SF UFTUJOH XJUI MJOFBS MFGU BOE US
ing the applicability for the desired experiments. PG UIF TFOTPST
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2.2.3 Beta Model

Fig. 9shows the sensor data in the chart for a heating
duration of 45 minutefig. §. e purpose of this
model was to get an idea of the time required for the
cylinder to reach a temperature of 200 °C in an experi
mental environment. Sensor 1 has direct contact with
the surface of the cylinder. e chart below indicates
that sensor 1 took approximately 30 minutes to reach a
temperature of 200 °C. Moreover, it underlines the fact,
that the 3D heat distribution within the back Il body
declines with the distance to the heat source.

2.3 In-Situ Experiment
S JH #FUB NPEFM UFTU DIBSU SFTVMUT PWFS N J(

Based on the results of the laboratory pre-tests, in-situ
experiments were conducted in the “Gluckauf” rock
salt underground mine to simulate the real-life condi
tions that will be met in a possible future repository. e
setup was placed into one of the test dri s that are oper
ated by TUBAF for the GESAV and SAVER research
projects, which are funded by the German Federal Min
istry for the Environment, Nature Conservation, Nu
clear Safety and Consumer Protection (BMUV). ese
dri s are permanently monitored for their air tempera
ture and moisture.

To simulate a miniature test dri, a rectangular
trench with high quality nishing was created on the
dri’s (Figs. 10 and )1 e trench had dimensions
of 66 cm x 16 cm x 10 cm. A erwards, the miniature
POLLUX heating cylinder was placed on the bottom
and the trench was lled with Saltgrit uptothe-rim-ng *O TJUV FYQFSJIJNFOU NPEFM TIPXJOH UIF TFO
ter the sensors were put in place in a de ned distanceto QMBDFNFOU QPTJUJPO BOE NPEFM EJNFOTJPO
the cylinder. Subsequently, the heating cycle was started
and the logging commenced.

Overall, 3 heating cycles, each continuing at least for
8 days, have been executed. With each cyclerthe POL
LUX cylinder has been lowered deeper into the trench
bottom to increase the contact surface between the host
rock and the cylinder. is was done in order to-inves
tigate the initial hypothesis and yield the anticipated
expectation that with an increasing trench depth also an
increasing heat transmission into the host rock can be
observed and quanti ed.

e selected trench depths were equal to 0%, 15%
and 30% of the POLLUX cylinder diameter. It was
capped at 30%ig. 12illustrates the placement and
entrenchment depth for each phase.

Some di culties arose from xing the sensors in
the exact same position for each repetition of the'telst. $SFBUJPO PG USFODI CZ QSPGFTTJPOBM
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anteeing accurate sensor tip positions in each stage at
height of 4 cm above the concrete oor.

Compare to the in-situ test, the three phases of the
test have been executed in reverse order in the labora
tory experiments for the reason that it is easier to pour
concrete with a trench shape for the oor, and Il the
trench for the next test with concrete than chisel the

'JH  %JIFSFOU FOUSFODINFOU E Rgréh toMsetrivél) deédper into the concrete oor. e
VOEFSHSPVOE UFTU TJUF followingFig. 13will illustrate the process.
e experiment started with phase C, which ac
Due to this inaccuracy of the three-dimensional seteupted for 30% of the cylinder’'s diameter entrenched
the results were not completely perspicuous. Still, iihwees oor. Following the completion of phase C, it was
possible to prove an in uence of depth regardingitmpetrative to allow for a period of cooling overnight to
transmission, but not for all 3 phases. With the expaatg the test set-up and especially the concrete founda
tion to receive more concise results the whole settiprveack down to the ambient laboratory temperature.
transferred to the TUBAF laboratory in Freiberg. Subsequently, the salt back Il was carefully removed,
and any remaining salt was extracted using an indus
2.4 Laboratory Experiment trial vacuum cleaner to eliminate any residues and avoid
damaging the trench surface. e purpose of this was
e primary objective of this experiment was to achieverepare the trench for the addition of another layer
more concise results compared to the undergrourd pre-mixed concrete, which was necessary to achieve
periment. In order to achieve this, it involves the theedesired depth of 15% of the cylinder’s diameter for
gration of a holder for the sensors within the test sphape B. Once the concrete layer was poured, additiona
which would ensure consistent positioning of the saiting time was allocated for su cient curing of the
sors throughout each stage of testing. In order tane@n concrete layéfig. 19. is step was essential
duct this experiment, the oor of the arti cial dri wagfore proceeding to the next phase. e same proce
constructed using pre-mixed concrete. e whole thate was repeated for phase A. e laboratory test was
set-up held a volume of 10.7 dith a quali ed salt conducted three times, once for each phase, with each
back Il of the void space. In order to simulate a desson lasting approximately three and a half hours of
host rock environment, the walls consisted of lawnhed¢jng, and approximately ten hours for cooling down.
ingstones. e sensor holder was then securely attdohtdwas recorded for both heating and cooling down
to the top of the model with an aluminum frame gueevery phase, in order to get a deeper understanding o
the 3D heat transmission scheme between the oor and
the cylinder as well as the back Il.
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3 Results and Discussion of the
In-Situ and Laboratory Experiments

3.1 In-Situ Experiment in the
Underground Test Drift
"JH 5SFODI DPODSFUF DBTUT GPS MBCPSBUPSZ UFTUT
Due to inaccurate sensor placement, readings from
phase 2 have been excluded from the test assessment. €
sensors 2, 3, and 4 recorded higher readings in Phase
compared to Phase 3. Speci cally, sensor 2 had an avelr
age reading of 98 °C in Phase 1, whereas in Phase 3,
was only 75 °C. Similarly, sensor 3 exhibited an average
reading of 166 °C in Phase 1, while in Phase 3, it was
95 °C. Likewise, sensor 4 displayed an average readin
of 70 °C in Phase 1. Meanwhile, in Phase 3, it was 60 °C
Sensor 1, which monitored the temperature of-the cyl
inder surface, recorded consistent readings. Sensor &
showed nearly identical readings across all phases, likel
due to the distance to the POLLUX and heat owing
into the host rock before reaching sensor 5. e com
parison with Phase 2 did not reveal signi cant varia
tions. Fig.1H
'JH -BCPSBUPSZ FYQFSJNFOU NPEFM TIPXJOH U Iginaecuragysofighe senser positicnethmpughoa
BOE NPEFM EJNFOTJPOT CFGPSF CBDLAMMIDphasesMthertitoad particle size distribution of the
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back Il material, the inconsistency of the operating
procedure and times, and the electrical instability are all
factors that demanded the execution of another experi
ment with a more consistent setup and less passible in
uences caused by accuracy of positioning. Despite the
above-mentioned challenges, it could be proven that the
di erence between 0% (Phase 1) and 30% trench depth
(Phase 3) was clearly visible.
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3.2 Laboratory Experiment

e outcomes of this experiment exhibit a greater level
of consistency compared to the in-situ experiment.
Upon examining the results, it becomes evident that
sensors 2 and 3 recorded considerably higher readings
during Phase A as compared to Phase C. As explained
earlier, in the laboratory test the phases were reversed,
meaning Phase C had the deepest trench whereas
Phase A had no trench. Sensor 2 registered an av:
reading of 126 °C during Phase A, in contrast to 9
during Phase C. Similarly, sensor 3 displayed an average
reading of 80 °C during Phase A, in contrast to 65 °C
during Phase Eif. 1§. e reading of sensor 4 was
consistent, with an average reading of 41 °C, which is
likely caused due to the distance to the POLLUX dum-
my and the considerably shorter heating period of 3
hours in the laboratory experiment compared te the un
derground trials with a heating period of around 8 full
days. e comparable shorter heating period in the lab is
su cient, since the initial heat transmission is the most
important phase. It is arguable that the heat transmis
sion rate would change over time but due to the in-situ
test, the long-term 3D-heat transmission into the rock
is known, and shows that the heat transfer continues to
go into the host rock rather than the back Il (Sensor 5
stays almost consistent between phase A and C with
43 °C to 44 °Cig.15.

Sensor 1 was utilized to monitor the temperatug, -BCPSBUPSZ FYQFSJNFOU TFOTPST SFBEJOHT

at the cylinder surface, which was reading 4°C morein * BogE $ BGUFS UISFF IPVST PG PQFSBUJOH
Phase C compared to Phase A. is is probably caused

by minor changes in sensor positioning, since the sur
face temperature was kept consistent around all phases.
Sensor 5 showed almost identical readings across the
phases, while sensor 5 ambient sensor measuring ambi
ent lab temperature) exhibited a 2 °C increase during
Phase C, which is likely caused by ambient tempera
ture changes due to the outside weather. Furthermore,
upon analyzing the results, it becomes apparent that the
sensors required more time during Phase C to reach a
speci ed degree compared to Phase A, which proves the
hypothesis that trench depth a ects the 3D heat dissi
pation.
From the recorded logs of the cooling phase, Sen
sor 1 was reading a temperature of 98 °C in Phase A,
while in Phase C, the temperature was recorded as
87 °C aer one hour. Sensor 2 was reading 83 °C in
Phase A, while in Phase C, the temperature was re
corded as 71 °C a er one hour. Similarly, sensor 3ggad -BCPSBUPSZ FYQFSJNFOU TFOTPST SFBEJOHT
64 °C in Phase A, while itread 57°C aerone hourin " BOE $ BGUFS POF IPVS PG DPPMJOH EPXO

fgge*o TJUV FYQFSIJNFOU TFOTPST SFBEJOHT DPN
BOE BGUFS FJHIU EBZT PG PQFSBUJOH
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conductivity range of 2-3 W/(mK) [8]. In the future,
it is expected to receive validating data sets by applying
rock salt bricks instead of concrete.

5 Recommendations and
Further Research

=
)
-
.
o
@
o
0p)

e currently prepared next experiment campaign will
utilize a double connection thermocouple sensor in
stead of the existing separate sensors (1 and E). is
would optimize the integration between the logging
system and the heating setup. Upgrading to higher-
quality temperature sensors and ampli ers enhances
the accuracy and reliability of the data collected. Fur
thermore, incorporating an additional set of sensors
at various distances within the oor and strategically
placing other sensors on the same side as sensor 2 «
'JH % WJTVMJ[BUJPO PG SFDPNNFOEFE NP EF fi egpidigiangesyyouldepreuigs frther comprehen
sive data insighi&d. 19. Improving the sensor hold
Phase CHg. 17. However, it is vital to consider thee could ensure more secure and precise positioning of
starting temperature when cooling down commetitessensors, enhancing their overall stability.- Moreo
as it varies in some sensors across the phasesyeamdnaximizing the oor size is being considered, as
consider the ambient temperature. Upon exand@narger oor area provides better thermal conductiv
tion, it becomes evident that Phase C shows sityjiallowing heat from the cylinder to dissipate more
cantly faster cooling down in comparison to Phageeétively. Replacing the cast concrete oor with a
is suggests that heat dissipation in Phase C is dugtter thermal conductive material, like rock salt, will
rior since the contact surface of the dummy withrtbeease heat transfer towards the host rock. ese
concrete is bigger due the trench depth ofi80%recommendations collectively aim to enhance the ac
underlines the hypothesis that cooling is accelecatady, e ciency, and overall quality of future research
with increasing trench depth within the emplaceneentomes.
dri. e sensor data from Phase C suggests that thee setup recommendations are planned to be
heat dissipation is favored towards the concretenipgemented again in an underground test tral. Us
(which would be the host rock in real-life) insteamhgfthe TUBAF test sites at the “Gluckauf” mine in
the back Il. If heat transmission into the back [l woddndershausen ensures constant temperature-and mois
be favored with increasing depth, Phase C wouldtsi@wonditions as well as realistic convergence values
higher readings a er the 1 h cooling down period #figh 18 shows the envisioned setup for future tests. It
in Phase A aer 1 hour. is planned to position the trench into a rock salt block
e concrete thermal conductivity, the limite@f 1 m width and 2 m overall length and position the
duration of the testing period, and the electrical il&tat sensors accordingly around the model. Moreover,
bilities encountered have all exercised an impact timethetion of the sensors is supposed to be even more
results. On the contrary, a narrow particle size-disadnurate and stable. e top of the back lled trench will
tion of the back Il, the capability to examine the-abbeacovered with a plate to minimize heat dissolvement
tory and the simultaneous monitoring of real-time otethe air. e plate is not included in the gure above,
e ectively reduces the range of variable factors. so the POLLUX dummy at the oor of the trench can
be seen. With the proposed setup it should be possible
4 Conclusions to increase the proximity to reality. In general; an im
proved 3D-pattern of additional sensors covering the
Upon collecting and analyzing data from both-expemplete surrounding of the POLLUX dummy con
ments, the results can be summarized as followingr is favorable.
e deeper the POLLUX dummy cylinder was placed A er carrying out the next in-situ-testing phase,
within the host rock formation in the trench, the highéditional data evaluation and veri cation on a labo
was the thermal dissipation towards the host rochtay scale will be conducted. It is intended-by TU
opposed to dissipation through the backIl. is c&AF to make the retrieved data accessible to the salt
be explained by the thermal conductivity of the teysbsitory research community and stakeholders via a
rock being higher than the one of the salt back llefrud-hosted database. e retrieved data can be used,
terial. e thermal conductivity of rock salt is arourdg. for thermo-mechanical modelling to determine
6 W/(mK) [7], which corresponds to the data wittgpatial heat distribution around the POLLUX con
the in-situ experiment. Conversely, the rst laboratanyer depending on its positioning within the oor
experiment utilized pre-mixed concrete with a theohéthe future waste disposal dri. is would lay the
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foundation to optimize container positioning whicbst rock might lead both towards possibly sherter sur
possibly impacts overall repository size and intéace- interim storage times as well as faster cooling of

storage times. the containers within the disposal dri. With the ex
periments for this research project, it has been shown
6 Abstract that the positioning depth of the POLLUX container

within a trench cut into the oor of the host rock with
In order to store high-level radioactive waste umuehe disposal dri can a ect the spatial distribution
ground, the German repository concept considerotlagat into the surrounding rock due to an increase
crystalline and salt formations as suitable hostcamuact surface of the container towards the host rock.
materials. e current research projects of the Chag, the initial cooling of the container by heat trans
for Underground Mining Methods at TUBAF (Techission can possibly be increased, allowing to direct
nical University Bergakademie Freiberg) in nucteae heat towards the host rock below instead of the
waste repositories mainly focus on storage withiswedunding back Il. Still, heat will be transferred into
formations in the form of horizontal dri disposal.thre surrounding salt grit back Il which would yield
this scenario, the high-level radioactive waste, ftreedesired increased compaction rate while providing
ample, is supposed to be packed into speci-<callyptmization possibilities regarding HAW repository
signed containers like the POLLUX containers designBy transferring more heat towards the area be
then transported and emplaced underground. PF@Ak the dri, the three-dimensional heat eld overlap
LUX containers are cylindrical shaped, made opingf between storage dri s could possibly be reduced,
cast steel alloys, weigh approximately 65 tons and/hatewould result in higher storage capacities due to
a length of 5.5 m and a diameter of up to 2 m.arincreased overall disposal container capacity or less
maximum current temperature limit for the contaimeguired total underground area. In order to validate
to be placed in repositories in salt formations wakesedsults, further upscaling and modelling is desired
to a maximum of 200 °C. e emplacement at sud be carried out in the near future.
high temperature level leads to the question if there are
optimization possibilities for waste handling, the f@ferences
age and the long-term emplacement of such high tem
perature level waste. Especially, a better understéjdinglhelm Bollingerfehr (DBETEC) Wolfgang Filbert
of the heat transmission from the container into the (DBETEC) Sabine Dérr (DBETEC) Philipp Herold
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