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Vazeni ¢tenari,

v letoSnim roce si pfipomindme padesité vyro¢i zahdjeni provozu linky metra I.C v Praze. V tuseku ze stanice
Florenc (ptivodné Sokolovska) do stanice Kacerov, celkem 9 stanic, byl 9. 5. 1974 slavnostné zahdjen provoz metra
v Praze. Vystavba metra pokracovala a v soucasné dob€ jsou v Praze provozovany tfi linky metra A, B, C, s 61 sta-
nicemi o celkové délce 65,4 km. Dalsi pldnovana linka metra D je ve vystavbé.

Cislo odborného &asopisu Tunel 1/2024 je vénovano aktivitim firmy DIAMO, s. p., a tunelovym stavbdm na
Slovensku a v Némecku. V prvnim ¢lanku je popsdna informace o moznostech vystavby precerpavacich vodnich

popsan systém vyuZiti prostoru dolu pro vybudovani moznosti ukladéani elektrické energie, ktery nabyva v soucasné
dobé s nariistem rozvoje obnovitelnych zdrojii na vyznamu. Dalsi ¢lanek popisuje geologicko-prizkumné prace
v uzemi Zlaté Hory zaméfené na ovéfeni zasob kritickych kovi s mozZnosti uvazované obnovy té€zby. Treti ¢lanek se zabyva problematikou
technickych opatfeni rekonfigurace Dolu RoZna I a rozsifeni provozu Podzemniho vyzkumného pracovisté Bukov.

V roce 2023 zacala vystavba silni¢niho tunelu Okruhliak v Presové. Tunel Okruhliak s jizZ provozovanymi tunely PreSov a Biko$ bude
soucasti 1. etapy severniho obchvatu PreSova. V Bratislavé na Zeleznic¢ni trati Devinskd Nova Ves — Stiirovo piekonava pohoti Malé Kar-
paty Bratislavsky tunel ¢&. 2, ktery je v provozu od roku 1902, vic jak 100 let. Clanek popisuje rekonstrukci Zelezni¢niho tunelu, ktery je
spolu s Bratislavskym tunelem ¢.1 nejstar§im Zelezni¢nim tunelem nejen na Slovensku, ale i v byvalém Rakousko-Uhersku.

Némecké zZeleznicni tunely Cornberger a Rudersdorfer dlouhé 875 m a 2652 m jsou starsi nez 100 let. Z diivodu predpokladané naro¢né
rekonstrukce jak z technického i ekonomického pohledu bylo rozhodnuto vybudovat tunely nové v blizkosti téch stavajicich. Portéaly tunelu
Cornberger jsou pamétkové chranéné a budou zachovany vcetné ¢asti tunelu, ktery bude vyuZit pro ekologické ucely, napt. dkryt netopyru.
Tunel Rudersdorfer bude zrusen a zasypan.

Posledni ¢lanek se zabyva moderni technologii presné lokalizace vozidel v silni¢nich tunelech, ktera poskytne informace napf. spravcim
dopravni infrastruktury a integrovanému zachrannému systému (IZS).

Ctenaitim Casopisu pieji zajimavé a pou¢né &teni odbornych ¢lanka.

Ing. MIROSLAV NOVAK
¢len redakéni rady Casopisu Tunel

Dear readers,

This year we are remembering the fiftieth anniversary of the commencement of operation of the IC metro line in Prague. On 9 May 1974,
the operation of the metro in Prague was ceremonially launched in the section from the Florenc metro station (originally Sokolovskd) to
the Kacerov station, 9 stations in total. The construction of the metro has continued and currently there are three metro lines A, B, C, with
61 stations with a total length of 65.4km. The other planned metro line D is under construction.

The issue of the professional magazine Tunel 1/2024 is dedicated to the activities of DIAMO, s. e., and tunnel construction projects
in Slovakia and Germany. The first article describes information about the possibilities of construction of pumped storage hydroelectric
power plants in former underground mines, where mining has already been terminated. Within the framework of the remediation and
reclamation of the area, the article describes the system of using the mine space to create the possibility of storing electrical energy,
which is currently gaining importance with the increase in the development of renewable resources. Another article describes geological
exploration in the area of Zlaté Hory aimed at verifying reserves of critical metals with the possibility of resuming the mining. The third
article deals with the issue of technical measures for the reconfiguration of the Mine Roznd I and the expansion of the operation of the
Bukov Underground Research Facility.

In 2023, the construction of the Okruhliak road tunnel in PreSov began. The Okruhliak tunnel with the PreSov and Bikos tunnels already
in operation will be part of the Stage II of the northern bypass of Presov. In Bratislava, on the railway line Devinsk4 Nova Ves — Stiirovo,
the Bratislava Tunnel No. 2, which has been in operation since 1902, has been crossing the Small Carpathians for more than 100 years. The
article describes the reconstruction of the railway tunnel, which together with the Bratislava Tunnel No. 1 is the oldest railway tunnel not
only in Slovakia, but also in the former Austro-Hungarian Empire.

The German railway tunnels Cornberger and Rudersdorfer, 875m and 2,652m long, are more than 100 years old. Due to their unsatisfactory
technical condition and possible demanding reconstruction, it was decided for economic and technical reasons to build new tunnels in the
vicinity of the existing ones. The portals of the Cornberger Tunnel are listed and will be preserved, including a part of the tunnel that will be
used for ecological purposes, such as a bat shelter. The Rudersdorfer Tunnel will be demolished and burried. The last article deals with the
modern technology of precise location of vehicles in road tunnels, which will provide information e.g. to transport infrastructure managers
and the integrated rescue system (IRS).

I wish the readers of the journal interesting and informative reading of the professional articles.

Ing. MIROSLAV NOVAK
Member of Editorial Board of Tunel Journal




VAZENE CTENARKY A CTENARI,

dovolte mi, abych Vas touto cestou srde¢né pozdravil
a predstavil Vam statni podnik DIAMO. Jsme pramyslovy
podnik s hornickou tradici, k jehoZ hlavnim ¢innostem patii
zahlazovani nasledkd hornické ¢innosti po téZbé uranu, rud
a hnédého a ¢erného uhli na tizemi celé Ceské republiky. Za
dobu své témér 80leté existence jsme prosli prerodem od
Cisté téZebni organizace po spolecnost, kterd pro stét zajistu-
je napravu Skod na Zivotnim prostfedi po téZbach nerostnych
surovin, rozviji izemi po primyslové ¢innosti a chrani za-
jmy statu v oblasti strategickych surovin.

Vzhledem k Sirokému zabéru ¢innosti a aktivit miZete na statni pod-
nik DIAMO narazit v riznych koutech republiky pfi riznych prilezi-
tostech. Do naSeho portfolia patii téZebni, resp. posttéZebni ¢innost, sa-
nace tzemi postiZzenych tézbou, revitalizace krajiny, radiacni ochrana,
ochrana nerostnych surovin, prizkumné geologické prace ¢i prebirani
utlumovanych ¢asti téZebnich organizaci ¢i organizaci, pro které se
DIAMO stalo nastupnickou organizaci, a v neposledni fad¢ i zajisténi
bariské zachranné sluzby.

Co do uzemniho rozsahu i naro¢nosti sanacnich praci patii k nasim
nejvyznamnéjsim zatézim, které fesime, sanace tizemi postiZeného che-
mickou téZbou uranu, ktera probihala na loZisku ve StraZi pod Ralskem
az do devadesatych let minulého stoleti. Po této t€Zb& zbylo cca 27 km?
zasazeného uzemi, které se ndm diky souboru modernich sana¢nich
technologii dafi podzemni kontaminace zbavovat. Kontinuitu procesu
sanace, béhem kterého Cerpame zbylé technologické roztoky po tézbé
z podzemi na povrch, povaZzujeme za zasadni, nebot bez naseho zasahu
by doslo k ohrozZeni podzemnich zdrojt pitnych vod a na vodu véza-
nych ekosystému. V loriském roce jsme dosahli vyznamného milniku
v odstranéni kontaminace, a to vyvedeni dvoumilionté tuny kontami-
nantti z podzemi.

V ramci revitalizace tizemi po uranové ¢innosti provadime sanacni
a rekultivacni prace na odkalistich v Mydlovarech na rozsahlé plose
221 ha. Ve spolupraci s partnery pak na zrekultivovanych plochach pfi-
pravujeme realizaci fotovoltaické elektrarny. Na Pribramsku se zabyva-
me feSenim problematiky odvaltl z hlediska sniZeni z4téZe na Zivotnim
prostfedi ¢&i jejich vyuZiti v rdmci cirkularni ekonomiky. Cést odvalt
jsme tak vytipovali jako po vytfidéni vhodny zdroj kameniva a ¢ast od-
vall pro ponechani prirozené sukcesi.

Jak jsem jiz zminil v dvodu, patfi do nasi ¢innosti i likvidace tzemi
po tézbé Cerného uhli, a to od roku 2002 na Ostravsku a od roku 2021
také na Karvinsku, kdy jsme pfevzali utlumované doly od spole¢nosti
OKD, a tim rozsifili nase pisobeni na lokality doli Lazy, Dukla, Stafic,
Frenstat, Darkov a CSA v¢&. dobyvacich prostord, to ve za splnéni na-
ro¢nych bezpec¢nostnich a technickych pozadavki. Znamou lokalitou je
odval Hefmanice, kde se sana¢ni prace v posledni dobé témér zastavila,
a to kvuli sporim s vlastnikem pozemk a realizatorem nékterych praci
sanace. VEfim, Ze spory a soudy se brzy dotesi a sanace termicky aktiv-
ni haldy bude pokraCovat.

Co se tyka lokalit po té¢Zbé hnédého uhli, ty jsme do na$i ¢innos-
ti zaclenili v roce 2022, kdy fizi doslo ke slouceni statnich podnikid
DIAMO a Palivovy kombinat Usti pravé pod DIAMO. Pfibyla nim
tizemi v severozapadnich Cechach, Hodoninsku a také na Kladensku.
Presly pod nas i pasobivé hydrické rekultivace po t€Zbé hnédého uhli,
a to jezera Most a Milada.

Jako podnik jsme nyni stabilizovani jak ve zvladani Cinnosti, tak
i v izemni pisobnosti. Mame kvalifikované zaméstnance, fadu doved-
nosti a bohaté zkuSenosti s ndpravou $kod na Zivotnim prostiedi. Nyni
se miZeme vice zaméfit i na rozvoj nasi spoluprace se samosprava-
mi, Skolami a také se chceme jesté vice otevfit vetfejnosti.

V neposledni fadé se miiZzeme vice zaméfit i na rozvojové

projekty a aktivity naseho podniku. O par
z nich, at jiZ ve stadiu zaméru ¢i velké roz-
pracovanosti, se s Vami radi podéli odbor-
nici statniho podniku DIAMO ve svych
¢lancich v tomto Cisle.

Zdaf Buh!

ING. LUDVIK KASPAR
reditel statniho podniku DIAMO
Managing Director of DIAMO, state enterprise
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DEAR READERS, LADIES AND GENTLEMEN,

Let me take this opportunity to cordially greet you and
introduce the state enterprise DIAMO to you. We are an
industrial enterprise with a mining tradition, whose main
activities include smoothing the consequences of mining
activities after mining for uranium, ore, brown and hard coal
throughout the Czech Republic. During its almost 80 years of
existence, we have undergone a transformation from a pure
mining organization to a company that provides following
activities for the state: remediation of environmental damage
after mineral extraction, development of the area after
industrial activity and protection of the state‘s interests in the
field of strategic raw materials.

Due to the wide range of operations and activities, you can come across
the state enterprise DIAMO on various opportunities. Our portfolio
includes mining or post-mining activities, remediation of areas affected
by mining, landscape revitalisation, radiation protection, protection of
mineral resources, exploratory geological work or taking over parts of
mining organizations or organizations being put check on, for which
DIAMO has become a successor organization, and last but not least, the
provision of mine rescue services.

In terms of the territorial scope and complexity of the remediation
work, one of our most important burdens that we are dealing with
is the remediation of the area affected by in-situ leaching of uranium,
which took place at the deposit in StrdZ pod Ralskem until the 1990s.
After this mining, about 27 km? of the affected area remained. Owing
to a set of modern remediation technologies, we are able to get rid of
the underground contamination. We consider the continuity of the
remediation process, during which we draw the remaining technological
solutions from underground leaching to the surface, to be crucial, because
without our intervention, underground sources of drinking water and
water-dependent ecosystems would be endangered. Last year, we reached
a significant milestone in the removal of contamination, namely removing
two millionth tonne of contaminants from underground.

As part of the revitalisation of the area after uranium mining activities,
we are carrying out rehabilitation and reclamation work on the tailings
ponds in Mydlovary, on an extensive area of 221ha. In cooperation with
partners, we are preparing the development of a photovoltaic power plant
on the reclaimed areas. In the Pfibram region, we are addressing the issue
of waste rock heaps in terms of reducing the environmental burden or
their use in the circular economy. We have thus identified a part of waste
rock heaps as a suitable source of aggregate after sorting and a part of the
waste rock heaps to be left to natural succession.

As I have mentioned in the introduction, our activities also include
the liquidation of coal mining sites, namely since 2002 in the Ostrava
region and since 2021 also in the Karvina region, when we took over
the mines from OKD which checks had been made on, thus extending
our operations to the sites of the Lazy, Dukla, Stafi¢, Frenstat, Darkov
and CSA mines, including the mining areas, all in compliance with
demanding safety and technical requirements.

A well-known location is the Hefmanice waste rock heap, where
rehabilitation work has almost stopped recently due to disputes with
the landowner and the contractor for some of the rehabilitation work.
I believe that the disputes and lawsuits will soon be resolved and the
rehabilitation of the thermally active heap will continue.

As far as abandoned brown coal mining sites are concerned, we
incorporated them into our operations in 2022, when the merger brought
the state-owned companies DIAMO and Palivovy kombinét Usti under
DIAMO. Territories in northwest Bohemia, Hodonin and also in Kladno
were added to us. The impressive hydric rehabilitation sites after lignite
mining, namely the Most and Milada lakes, were also transferred to us.

As a company, we are now stable both in terms of managing our
activities and in terms of our territorial scope. We have a qualified
staff, a range of skills and a wealth of experience in environmental
remediation. We can now also focus more on developing our cooperation

with municipalities, schools and we also want to open up
even more to the public.

Last but not least, we can focus more on development
projects and activities of our company.
DIAMO experts will be happy to share
a few of them, whether in the planning
stage or well underway, in their articles in
this issue.

God speed you!
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VAZENI CITATELIA CASOPISU TUNEL,

dovolte mi, aby som sa Vam prihovoril prostrednictvom
odborného Casopisu Tunel a predstavil Cast nasej prace v ob-
lasti podzemného stavitelstva.

Spoloc¢nost TuCon, a. s. oslavi v tomto roku 15. vyrocie
zaloZenia a svojho tspesného posobenia na stavebnom trhu.

Za toto obdobie sa spolo¢nost TuCon, a. s. etablovala na
stavebnom trhu a v segmente vystavby tunelov ma uz dnes
za sebou bohaté skusenosti z pdsobenia nielen na Sloven-
sku, ale aj v zahrani¢i.

V zahrani¢i pdsobila na viacerych projektoch, z ktorych
niekolko spomenieme: Zelezni¢ny tunel Bibra/Nemecko 2012; Dial-
ni¢ny tunel Frankenhain/Nemecko 2015; Podzemnd hydroelektraren
Nant de Drance/Svajéiarsko 2015; Podzemna hydroelektrareti Burfell/
Island 2017; Podmorsky cestny tunel Solbakk/Noérsko 2018; Cestny tu-
nel Oberau / Nemecko 2020.

Vo svojich zaciatkoch spolo¢nost TuCon, a. s. pdsobila na viacerych
projektoch v pozicii subdodéavatela, ale postupne sa presadila na staveb-
nom trhu ako generalny dodavatel stavieb, ¢o ma velmi tesi.

Pochvilit sa méZeme dokoncenym projektom stavby rychlostnej ces-
ty R4 — severny obchvat PreSova, 1. etapa, vritane tunela Bikos, ktory
bol slavnostne odovzdany do uZivania verejnosti v septembri 2023.

Popri sldavnostnom odovzdani 1. etapy diela sme zdroveni zahdjili
prace na vystavbe II. etapy severného obchvatu PreSova vréatane tunela
Okruhliak, s planovanym terminom dokoncenia diela v oktébri 2027.
Viac o tejto stavbe sa dozviete v ¢lanku zverejnenom v casopise Tunel.

Ked spomeniem fakt, Ze v pozicii subdodavatela sme realizovali ra-
ziace a betondrske prace v ramci Slovenska aj na tuneli PreSov (juzny
obchvat PreSova), tuneli Povazsky Chlmec a z ¢asti na tuneloch Ov¢iar-
sko a Zilina, mdZem povedat, 7e nasa spolo¢nost sa dnes radi medzi
poprednych spolahlivych dodavatelov v segmente vystavby tunelov.
V sortimente podzemnych stavieb sa venujeme vystavbe podzemnych
diel, rekonStrukciam, razeniu a betonaZam dialni¢nych a cestnych tune-
lov, Zelezni¢nych tunelov, podzemnym objektom pre metro, vystavbe
hydroenergetickych tunelov, podzemnym objektom pre vodohospodéar-
ke stavby, vystavbam prieskumnych a tnikovych $tdlni. Zameriavame
sa aj na spektrum inZinierskych stavieb, v ktorom sa venujeme vystav-
be a rekonStrukcidm vodohospodarskych stavieb, Cistiarni odpadovych
vod, Cerpacich stanic a vodnych zdrojov, vystavbe a rekonstrukciam
verejnych priestranstiev a namesti.

Spolo¢nost TuCon, a. s. so sidlom v Ziline tvoria aj jej sdcasti, or-
ganizacna zlozka so sidlom v Prahe, organizacna zlozka TUCZA so
sidlom v Augsburgu, stdla prevddzkarefi TuCon, a. s. Sk so sidlom
v Moosseedorfe vo Svajéiarsku a v Nérsku.

Vazeni Citatelia, dnes mdm jedine¢nu prileZitost zhodnotit, Ze naSa
spolo¢nost TuCon, a. s. disponuje Sirokym timom profesionalov a od-
bornikov, ktori su schopni realizovat priace v dohodnutom termine
a kvalite. Zameriavame sa na odbornost nasich zamestnancov, mo-
derné technolégie a strojné vybavenie. Nasa spolo¢nost ma zavedeny
systém manazérstva kvality, systém environmentalneho manaZérstva,
manazérstva bezpe€nosti informacii, bezpec¢nosti a ochrany zdravia pri
préci potvrdeny certifikaénym orgdnom a certifikit EMAS pre environ-
mentdlne manazérstvo akreditovany Slovenskou agentirou pre Zivotné
prostredie.

Tymto by som sa podakoval vSetkym nasim zamestnancom a dodava-
telom podielajicim sa na projektoch, patri Vam moje uznanie a vdaka
za dosiahnuté vysledky.

Na zaver by som chcel podakovat Ceskej tunelarskej asocidcii a Slo-
venskej tunelarskej asocidcii za prileZitost prihovorit sa
Citatelom Casopisu Tunel a verim, Ze toto ¢islo venované
prezentacii spolo¢nosti TuCon, a. s. bude plné zaujima-
vych a podnetnych informécii. Zarovenl difam, Ze vyvoj
nielen v podzemnom stavitelstve bude napredovat inten-
zivnejSie a velmi si prajem viac projektov
v tejto oblasti, ktoré by priniesli ludom mo-
derniziciu a zefektivnenie dopravy, lepSiu
dobudovanost a dostupnost infrastruktury.

ING. MIROSLAV ZAK
predseda predstavenstva

Tuel

DEAR READERS OF TUNEL JOURNAL,

Allow me to address you through the Tunel journal and
present part of our work of underground construction. This
year, TuCon, a. s. company will celebrate the 15" anniversary
of its establishment and its successful presence on the
construction market. During this period, the TuCon, a. s.
company applied itself on the construction market and today
has already gained a wealth of experience in the segment
of tunnel construction not only in Slovakia but also abroad.

It has worked abroad on several projects, a few of
which we will mention: Bibra Rail Tunnel/Germany
2012; Frankenhain Highway Tunnel/Germany 2015; Nant de Drance
Underground Hydroelectric Power Station/Switzerland 2015; Burfell
Underground Hydroelectric Power Station/Iceland 2017; Solbakk
Underwater Road Tunnel/Norway 2018; Oberau Road Tunnel/Germany
2020. In its early days, TuCon, a. s. company worked on several projects
as a subcontractor but gradually established itself on the construction
market as a general contractor, which I am very pleased about.

We can be proud of the completed expressway R4 construction
project — the northern bypass of PreSov, Stage I, including the Biko§
tunnel, which was ceremonially handed over to the public in September
2023. In addition to the ceremonial handover of Stage I, we have also
started work on the construction of Stage II of the northern bypass of
PreSov, including the Okruhliak tunnel, with a planned completion
date of October 2027. More about this construction you can find in the
following article published in Tunel journal.

When I mention the fact that as a subcontractor we have carried
out tunnel excavation and concreting works within Slovakia also on
the PreSov tunnel (southern bypass of PreSov), the Povazsky Chlmec
tunnel and partly on the Ov¢iarsko and Zilina tunnels, I can say that
our company today ranks among the leading reliable contractors in
the segment of tunnel construction. In the assortment of underground
structures we are engaged in the construction of underground works,
reconstruction, excavation and concreting of motorway and road
tunnels, railway tunnels, underground structures for metro, construction
of hydropower tunnels, underground structures for water management
structures, construction of exploratory and escape galleries. We also
focus on the spectrum of civil engineering structures, in which we are
engaged in the construction and reconstruction of water management
structures, WWTP, pumping stations and water sources, construction
and reconstruction of public spaces and squares.

Parts of the TuCon, a. s. company registered in Zilina are also
branch registered in Prague, branch TUCZA registered in Augsburg,
permanent establishment TuCon, a. s. Sk registered in Moosseedorf,
Switzerland and branch in Norway.

Dear readers, today I have a unique opportunity to appreciate that our
company TuCon, a. s. has a wide team of professionals and experts who
are able to carry out the work in the agreed time and quality. We focus
on the expertise of our employees, modern technology and machinery.
Our company has a quality management system, environmental
management system, information safety management, occupational
health and safety confirmed by a Certification Body and an EMAS
certificate for environmental management accredited by the Slovak
Environmental Agency.

I would like to thank all our employees and contractors involved in
the projects, my appreciation and thanks to you for the results achieved.

Finally, I would like to thank the Czech Tunnelling Association and
the Slovak Tunnelling Association for the opportunity to address the
readers of Tunel journal and I hope that this issue dedicated
to the presentation of TuCon, a. s. company will be full
of interesting and stimulating information. At the same
time, I hope that the development not only in underground
structures will progress more intensively and I really wish

for more projects in this field, which would
bring to the people the modernisation and
efficiency of transport, better completion and
accessibility of infrastructure.

a generalny riaditel TuCon, a. s.
Chairman of Board of Directors
and General Director. TuCon, a. s.
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PRECERPAVACI ELEKTRARNY NA POVRCHOVYCH A HLUBINNYCH
DOLECH VE SPRAVE S. P. DIAMO
PUMPED STORAGE POWER STATIONS IN SURFACE AND DEEP
MINES OPERATED BY DIAMO, S. E.

VACLAV BUDINSKY

ABSTRAKT

Cilem tohoto cldnku je poskytnout ctendriim informaci o moZnostech vystavby precerpdvacich vodnich elektrdren v byvalych dolech,
které jsou ve sprdvé stdtniho podniku DIAMO. Prostorové uspordddni mnoha jiz nevyuZivanych dolii je velmi vhodné k vipravé téchto dolii
na precerpdvact vodni elektrdrny. Vhodné vipravy dolii obou typii umozni jejich nové vyuZiti a velmi vyrazné tak prispéji, s minimdlnimi
dopady na Zivotni prostiedi, k rozvoji a stabilizaci energetické soustavy.

ABSTRACT

The article provides information about the possibilities of building pumped storage hydroelectric power stations in former mines that
are managed by the state enterprise DIAMO. The spatial arrangement of many no longer used mines is very suitable for converting these
mines into pumped storage hydroelectric power stations. Appropriate modifications of both types of mines will enable their new use and
thus contribute very significantly, with minimal impacts on the environment, to the development and stabilization of the energy system.

uvob

DIAMO, stétni podnik, jehoZ sidlem je StraZ pod Ralskem (re-
gion Liberec), se zabyva zahlazovanim ndsledkd hornické ¢innosti
uhli) byla, anebo ma byt, v nejbliZsi dobé ukoncena. Rekultivacni
a sanacni proces na uzemi ovlivnéném t€Zbou by mél byt pfizpiso-
ben budoucimu vyuZiti tohoto tzemi.

Jednim z moZnych zptsobi vyuZiti prostoru dold, ve kterych
jiz byla tézba ukoncena, je prebudovat tyto doly na precerpavaci
vodni elektrarny. S nartstajici kapacitou obnovitelnych zdroju (fo-
tovoltaika, vétrné elektrarny) nejen v Ceské republice, ale i v celé
Evropé, se jako velmi aktualni zacina jevit téma ukladani elektric-
ké energie. Uklddani elektfiny Cerpanim vody do horni nadrZe je
velmi G¢innym a jiz dlouhodobé osvédcenym zplsobem, jak pre-
dejit problémlim nejen s casové nerovnomérnou vyrobou (z obno-
vitelnych zdrojl), ale i Casové nerovnomérnou spotiebou elektriny.
Precerpavaci vodni elektrarny poméahaji snizit ztraty zptisobené ne-
vyuzitim jiz vyrobené energie a umoziiuji skladovat vétsi mnozstvi
energie dlouhodobé. Na rozdil od baterii nejsou precerpavaci vodni
elektrarny ohroZeny samovybijenim. Jejich kapacita ani d¢innost
s vékem automaticky neklesa, a také nejsou piilis citlivé na zmény
venkovni teploty. Na rozdil od baterii je mozno precerpavaci vodni
elektrarny rovnéz vyuZit (v pripadé potreby) k feseni nékterych vo-
dohospodatskych problému.

STAVAJICI PRECERPAVACI VODNI ELEKTRARNY V CESKU

PrestoZe o vyhodach precerpavacich vodnich elektraren se hovoii
jiz dlouho, posledni elektrarna tohoto typu (Dlouhé strané [1]) byla
v Cesku dokondena a uvedena do provozu jiz téméf pred 30 lety
(v roce 1996). Dlouhé strané jsou nejvetsi ze tii v soucasnosti fun-
gujicich precerpavacich vodnich elektraren v Cesku. Celkovy in-
stalovany vykon této elektrarny je 2 x 325 MW, maximalni spad je
510,7 m. Horni nddrz ma objem cca 2,7 mil. m?, plochu 154 000 m?
anejvetsi hloubku 26 m. Dolni nddrZ ma objem 3,4 mil. m?, plochu
163 000 m?. Vodni hladina v téchto nadrzich kolisa béhem plnéni
a prazdnéni o cca 21 az 22 m. Strojovna s turbinami se nachazi
v uméle vytvorené podzemni kaverné. Pfivody vody z horni nadrze

INTRODUCTION

DIAMO, state enterprise, whose headquarters is in StrdZ pod
Ralskem (Liberec region), deals with mitigating the consequences
of mining activity in places where the extraction of raw materials
(uranium, non-ferrous metals, lignite and black coal) has already
been, or is to be, terminated in the near future. The reclamation
and rehabilitation process in the area affected by mining should be
adapted to the future use of this area.

One of the possible ways of using the space of mines in which
mining has already ended is to convert these mines into pumped
storage hydroelectric power stations. With the increasing capacity
of renewable sources (photovoltaics, wind power stations) not
only in the Czech Republic, but also in the whole of Europe, the
electrical energy storage is becoming an up-to-date topic. Storing
electricity by pumping water into the upper reservoir is a very
effective and long-proven way to prevent problems not only with
temporally uneven production (from renewable sources), but also
temporally uneven consumption of electricity. Pumped storage
hydro power stations help to reduce losses caused by the unused
already produced energy and enable the storage of larger amounts
of energy in the long term. Unlike batteries, pumped storage
hydro stations are not at risk of self-discharge. Their capacity
and efficiency do not automatically decrease with age, and they
are also not very sensitive to changes in outside temperature.
Unlike batteries, pumped storage hydroelectric power stations
can also be used (if needed) to solve some water management
problems.

EXISTING PUMPED STORAGE HYDROELECTRIC POWER
STATIONS IN THE CZECH REPUBLIC

Although the advantages of pumped hydro power stations have
been talked about for a long time, the last power station of this type
(Dlouhé strané [1]) was completed and put into operation in the
Czech Republic almost 30 years ago (in 1996). Dlouhé strané is the
largest of the three currently operating pumped storage hydroelectric
power stations in the Czech Republic. The total installed capacity
of this power station is 2 x 325MW, the maximum drop is 510.7m.
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do strojovny a odtoky ze strojovny do dolni nadrZe jsou v podzemi.
Transformatory jsou umistény v jiné podzemni kaverné. V podze-
mi je také vybudovana soustava piistupovych, vétracich a odvod-
fovacich tuneltl a Sachet o celkové délce vice nez 8 km. Elektrarna
Dlouhé strané se nachazi uvniti' chranéné krajinné oblasti Jeseniky.
Toto umisténi vSak dnes jiz vyrazné€jsi mnozstvi kritiky nevyvola-
va. Elektrarna se stala turistickou atrakci, kterou kazdy rok navstivi
nékolik desitek tisic navstévniku, a zvitézila v internetové anketé
serveru iDNES o titul ,,div Ceska“ (v roce 2005).

DalSimi precerpavacimi vodnimi elektrarnami, které jsou nyni
v Cesku v provozu, jsou Dalesice (instalovany vykon 4 x 120 MW)
a St&chovice (instalovany vykon 1 x 45 MW).

Pro dplnost je tfeba poznamenat, Ze v podzemnich prostorich
byvalého ostravského uhelného dolu — Dolu Jeremenko (statni
podnik DIAMO, odstépny zavod ODRA, Vodni jadma Jeremenko) —
byla v Cervenci 2015 zprovoznéna maléd experimentalni piecerpd-
vaci vodni elektrdrna, ktera vSak neplni stejnou funkci jako ostatni
Ceské preCerpavaci elektrarny. Jedna se pouze o zafizeni pro vy-
zkumné ucely, s instalovanym vykonem cca 650 kW.

LOKALITA POVRCHOVEHO DOLU CSA

Zamér vyuzit lokalitu vytéZeného povrchového dolu na hnédé
uhli k vystavbé nové precerpavaci vodni elektrarny (PVE) vznikl
jiz pfed nékolika lety. Za tc¢elem posouzeni zdméru byla zaddna
a v kvétnu 2020 nasledné dokoncena studie s nazvem ,,Technicko-
-ekonomicka studie novych PVE v lokalitich soucasnych a byva-
lych povrchovych hnédouhelnych lomt*“. Zpracovatelem této stu-
die byla firma Energotis, s.r.0., Lou¢na nad Desnou.

Pavodné se uvazovalo s hladinou jezera v zatopeném dolu (dol-
ni nadrZ precerpavaci elektrarny) na két€ 205 m nad morem. Pak
doslo ke sniZeni této hladiny na 180 m n. m. V roce 2022 zadavatel
studie (statni podnik DIAMO, odstépny zavod PKU) rozhodl, po
detailn&jsim vyhodnoceni zdrojui vody, o jesté dalSim sniZeni hla-
diny jezera na 172 m n. m. Takovéto sniZeni hladiny dolni nadrze
(o vice nez 30 m) si vyzadalo pfepracovani vypoctl a zpracovani
dodatku k ptvodni studii (kvéten 2022).

Vyhledové byl prostor zbytkové jamy lomu CSA (tedy po ukon-
Ceni t€Zby hnédého uhli) urcen k hydrické rekultivaci (zaplave-
ni). Piivodni jezero CSA mélo mit plochu 666,1 ha, objem vody
270,3 mil. m* (objem srovnatelny s prehradnimi nadrZemi Nechra-
nice nebo Slapy) a maximalni hloubku cca 130 m. Zacatek napou-
$téni byl uvazovan v roce 2026.

Po sniZeni hladiny jezera na kétu 172 m n. m. byla plocha jeho
vodni hladiny odhadovana na cca 573 ha. Pfi primérném ro¢nim
vyparu cca 800 mm by se tak ro¢né z tohoto jezera odpafilo cca
4,5 mil. m® vody (mnoZstvi o dost vétsi, neZ je objem jedné nadrze
u elektrarny Dlouhé strang). A toto mnoZzstvi vody by ziejmé mu-
selo byt néjakym zpiisobem opét dopliiovano (napiiklad precerpa-
vanim z feky Ohfte).

V Cervnu 2023, na zéklad€ rozhodnuti o zméné zptuisobu prove-
deni sanacné rekultivacnich praci na ,,prirozenou sukcesi‘ (na ¢asti
pozemku lomu), bylo staitnimu podniku DIAMO uloZeno posoudit
aktualizovany pldn sanaci a rekultivaci lomu CSA, a to se zamé&fe-
nim na soulad budouciho vyuZivani majetku stdtu s jeho potiebami
(usneseni vlady Ceské republiky &. 479/2023).

Na zéklad¢ dostupnych geologickych informaci (vcetné infor-
maci o aktudlnim stavu zbytkové jamy dolu CSA) se zatim uka-
zuje situovani podzemnich pfivadécli, podzemni strojovny vcetné
komory traf, odpadnich tuneld a dalSich tunelovych staveb jako
bezproblémové. I kdyZ zfejmé bude nutné jeSté provést inZenyr-
skogeologicky prizkum, tak Zadné inZenyrskogeologické reSerSe
ani jiné dostupné podklady neuddvaji zadné podstatné skuteCnosti,
které by predpokladany zamér vylucovaly.
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The upper reservoir has a volume of approx. 2.7 million m?, an area
of 154,000m? and a maximum depth of 26m. The lower reservoir
has a volume of 3.4 million m?, area 163,000m>. The water level
in these reservoirs fluctuates by about 21 to 22m during filling
and emptying. The engine room with the turbines is located in an
excavated underground cavern. The water intake from the upper
tank to the engine room and the outlets from the engine room to
the lower tank are underground. The transformers are located in
another underground cavern. A system of access, ventilation and
drainage tunnels and shafts with a total length of more than 8km
is also built underground. The Dlouhé strané power station is
located inside the Jeseniky protected landscape area. However, this
placement no longer evokes a significant amount of criticism. The
power station has become a tourist attraction visited by several tens
of thousands of visitors every year, and won the title of “wonder of
the Czech Republic” in the iDNES internet poll (in 2005).

Other pumped storage hydroelectric power stations that are now
in operation in the Czech Republic are DaleSice (installed capacity
4 x 120MW) and St&chovice (installed capacity 1 x 45SMW).

For the sake of completeness, it should be noted that in July 2015,
a small experimental pumped storage hydroelectric power station
was put into operation in the underground space of the former
Ostrava coal mine — Jeremenko Mine (state enterprise DIAMO,
branch ODRA, Vodni jama Jeremenko) — which, however, does
not fulfill the same function as other Czech pumped storage power
stations. It is only a device for research purposes, with an installed
power of approx. 650kW.

LOCATION OF THE CSA SURFACE MINE

The intention to use the site of an abandoned brown coal surface
mine for the construction of a new pumped storage hydroelectric
power station (PVE) arose several years ago. In order to assess the
plan, a study entitled “Technical-economic study of new PVEs
in the locations of current and former surface lignite mines” was
commissioned and subsequently completed in May 2020. The
processor of this study was Energotis, s.r.o., Lou¢na nad Desnou.

Originally, the lake level in the flooded mine (lower reservoir
of the power plant) at an elevation of 205m above sea level was
considered. This level was then lowered to 180m above sea level.
In 2022, the sponsor of the study (state enterprise DIAMO, branch
PKU) decided, after a more detailed evaluation of the water
sources, to lower the lake level even further to 172m above sea
level. Such a decrease in the level of the lower reservoir (by more
than 30m) required reworking the calculations, and the preparation
of an addendum to the original study (May 2022).

The area of the abandoned CSA open pit mine (i.e. after the end
of brown coal mining) was destined for reclamation by flooding.
The original CSA lake was supposed to have an area of 666.1ha,
a water volume of 270.3 million m* (a volume comparable to the
Nechranice or Slapy dam reservoirs) and a maximum depth of
approx. 130m. The start of filling was considered in 2026.

After lowering the level of the lake to an elevation of 172m
above sea level, the area of its water surface was estimated at
approximately 573ha. With an average annual evaporation of
approx. 800mm, approx. 4.5 million m*® of water would evaporate
from this lake annually (an amount much larger than the volume of
one reservoir at the Dlouhé strané power station). And this amount
of water would probably have to be replenished in some way (for
example by pumping from the river Ohfte).

In June 2023, based on the decision to change the method of
carrying out rehabilitation and reclamation works to “natural




Z multikriteridlni analyzy lomu CSA [2] (pfiprava pro budouci,
nové vyuziti rekultivovanych lokalit v Usteckém kraji) vyplyva,
Ze v této lokalité existuje energeticky i ekonomicky potencidl pro
stavbu pfecerpavaci vodni elektrarny. Jedna se o unikétni, v sou-
Casnosti v Ceské republice prakticky jediny, projekt ve fzi pokro-
Cilejsiho rozpracovani, kde 1ze vzhledem k pfirodnim podminkam
s vystavbou nové precerpavaci elektrarny realné uvazovat.

Dodatecnd akumulacni kapacita bude potfebna v souvislosti
s nardstem vykonu obnovitelnych zdroji v siti a s pfepokladanym
navySenim preshrani¢niho obchodu s elektfinou. Vyznamné se tak
prispéje k dosaZeni vykonové pfimérenosti prenosové soustavy
a k zajisténi bezpecnosti provozu energetické infrastruktury.

NAVRH TECHNICKEHO RESENI PRECERPAVACI VODNI
ELEKTRARNY

V této Casti je popsdn konkrétni navrh technického fesSeni pre-
Cerpdvaci vodni elektrarny CSA [3] (ve vykonové variantd 4x
161 MW) po sniZeni hladiny dolni nddrZe na 172 m n. m. (tedy po
zvyseni celkového spadu).

Umisténi a objem horni nadrze (Jansky vrch) se oproti ptivodni-
mu ndvrhu prakticky nezménily. Rozhodujici objekty a pfevazna
¢ast precerpavaci elektrarny jsou navrZeny v podzemi, na vychod
od Janského vrchu (obr. 1 a 2).

Horni nadrZ s projektovanou tdrovni maximalni hladiny
739,50 m n. m. vznikne ¢aste¢nym odkopem a nasypanim obvodo-
vé hraze (vyrovnana bilance vytéZeného a pak nasypaného materia-
lu). Koruna hraze je uvazovana cca 2 m nad maximalni hladinou

Jansky hill
751 ma.s.l.
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succession” (on part of the mine), the state enterprise DIAMO
was tasked with assessing the updated plan for rehabilitation and
reclamation of the CSA mine, with a focus on compliance of the
future use of the state’s property with the state’s needs (Decree of
the Government of the Czech Republic No. 479/2023).

Based on available geological information (including information
on the current state of the CSA mine abandoned pit), the placement
of the underground intakes, the underground engine room including
the transformer chamber, outlet tunnels and other tunnel structures
appears to be problem-free. Although it will probably still be
necessary to carry out an additional engineering-geological survey,
no engineering-geological surveys or other available documents
indicate any significant facts that would exclude the assumed plan.

The multi-criteria analysis of the CSA mine [2] (preparation for
the future, new use of reclaimed sites in the Usti Region) shows
that there is energy and economic potential for the construction
of pumped storage hydroelectric power station in this location.
This is a unique, currently practically the only project in the Czech
Republic, in a more advanced development phase, where, due to
the natural conditions, the construction of a new pumped storage
power station can be realistically considered.

Additional storage capacity will be needed in connection with
the increase in the performance of renewable sources in the
network and the expected increase in cross-border electricity trade.
This will make a significant contribution to the achievement of
performance adequacy of the transmission system and to ensuring
the safety of the operation of the energy infrastructure.

zamek Jezefi
Jezeri castle

Sfoto: Jiri Petrdk, DIAMO, s. p. photo: Jiii Petrdk, DIAMO, s. e.

Obr. 1 Celkovy pohled na lokalitu pldanované precerpdvaci vodni elektrdrny na dole CSA
Fig. 1 General view of the location of the planned pumped storage hydroelectric power station at the CSA mine
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foto: Jiri Petrdk, DIAMO, s. p. photo: Jiri Petrdak, DIAMO, s. e.

Obr. 2 Pohled na prostor dolni nddrze pldnované precerpdvaci vodni elektrdrny na dole CSA
Fig. 2 View of the area of the lower reservoir of the planned pumped storage hydropower station at the CSA mine

a povede po ni obsluzna cesta kolem nadrZe. Projektovana vyska
hraze je cca 23,5 m, celkovy objem nadrZze cca 3,07 mil. m’. Na
dné nadrze (kéta cca 718 m n. m.) bude vtokovy objekt opatfeny
Ceslemi, s moznosti osadit provizorni hrazeni. Za nim budou na-
sledovat hydraulicky ovlddané uzavéry a dva podzemni pfivadéce
s vnitfnim ocelovym pancifem o priméru 3,8 m.

V podzemni strojovné elektrarny budou Ctyfi soustroji (Fran-
cisovy reverzni turbiny s vertikdlni osou), které umoznuji, v za-
vislosti na sméru otdCeni, vyrobu elektfiny anebo Cerpani vody
do horni nadrze (akumulaci energie). Max. vykon kazdé turbiny
bude 161 MW, celkovy vykon elektrarny bude 644 MW. Jmenovité
otaCky turbiny jsou navrzeny 600 ot/min, primér obézného kola
turbiny 3 200 mm. Max. priitok vody turbinou (pii vyrobég elektfi-
ny) bude 32,4 m?/s a max. dopravované mnozstvi vody (pfi erpani
do horni nadrze) 27,0 m*/s. Maximalni dopravni vyska turbiny pfi
Cerpadlovém rezimu ¢ini 570 m. Pred spirdlou kazdé turbiny bude
umistén hydraulicky ovladany kulovy uzavér DN 1500 mm.

Nad kazdou turbinou se bude nachdzet motorgenerator (syn-
chronni stroj s desetipélovym rotorem o jmenovitém napéti
15,75 kV). Buzeni motorgeneriatoru bude zabezpecovat budici
souprava, ktera bude napdjena z rozvodny vlastni spotfeby. Chla-
zeni motorgeneratoru bude vzduchové. Vzduchotechnické zarizeni
a klimatiza¢ni jednotky (umisténé v horni Casti strojovny) zabez-
peci nucené vétrani prostor, odvod tepla a pfipadné temperovani
v kabelovych kandlech. Systém bude tvofen kombinaci ventilatort
a vodou chlazenych vzduchotechnickych jednotek.

DESIGN OF PUMPED STORAGE HYDROELECTRIC POWER
STATION

This part describes the specific design of the technical solution of
the CSA pumped storage hydroelectric power station [3] (in the 4x
161MW output variant) after lowering the lower reservoir level to
172m above sea level (i.e. after increasing the total head difference).

The location and volume of the upper reservoir (Jansky hill)
have practically not changed compared to the original design. The
crucial objects and the major part of the power plant are designed
underground, to the east of Jansky hill (Fig. 1 and 2).

The upper reservoir with a projected maximum water level of
739.50m above sea level will be created by partially excavating and
filling the perimeter dam (balanced volume of excavated and then
filled material). The crown of the dam is considered to be approx. 2m
above the maximum water level, and includes a service route around
the reservoir. The designed height of the dam is approx. 23.5m, the
total volume of the reservoir approx. 3.07 million m®. At the bottom
of the reservoir (elevation approx. 718m above sea level) there will
be an intake facility equipped with lattice grill, with the possibility
of installing a temporary weir. It will be followed by hydraulically
operated shutters and two underground intakes with an inner steel
armor of 3.8m in diameter.

In the underground engine room of the power station, there will
be 4 sets (Francis reverse turbines with a vertical axis) which,
depending on the direction of rotation, enable the production of

electricity or the pumping of water into the upper reservoir (energy
storage). Maximum power of each turbine will be 161MW, the total
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Ve strojovné budou umistény dva mostové jefaby. Jejich nos-
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zvedanymi prvky budou rotor a stator generatoru a kulovy uzaver.
Strojovna se bude nachazet v hloubce cca 310 m pod povrchem
a bude umisténa ve stabilnim skalnim masivu (rula). Projektovana
délka ve skdle vylamané strojovny Cini cca 118 m, Sitka ¢ini cca
24 m. Vyska kaverny je cca 48 m, celkova kubatura vylomt pro
strojovnu cca 152 000 m®. Objem vestavénych betonovych kon-
strukci cca 47 000 m*. Rozméry strojovny (obr. 3) vychazeji hlavné
z rozméra turbiny (projektovana kéta osy obézného kola turbiny je
126,48 m n. m.). Klenba a stény kaverny budou v pevném skalnim
masivu zajiStény systémem kotev. Jejich pocet a rozmisténi, pfi-
padné zajisténi osténim v méné piiznivych podminkéch, urci kon-
krétni geologicka situace a podrobny staticky vypocet.

Jako jedno z prvnich podzemnich dél elektrarny bude razen pri-
stupovy tunel do strojovny. Profil tunelu musi umoznit dopravu
vSech Casti technologického zafizeni strojovny (obézné kola turbin,
Casti spirdly, kulové uzavéry, transforméatory atd.). Za provozu elek-
trarny bude tento tunel slouZit jako chranéna tnikova cesta a musi
proto spliiovat vSechna bezpecnostni opatfeni (havarijni vétrani,
protipoZarni ochrana, nouzové osvétleni atd.). Teoretickd plocha
vyrubu pro pfistupovy tunel bude pievazné 29 m?, délka tunelu cca
1 120 m, kubatura skalniho vylomu cca 37 500 m?, betony celkem
cca 6 900 m’. Pfistupovy tunel bude vystrojen definitivnim Zelezo-
betonovym osténim, vcetné vodotésné izolace. V podlaze tunelu
jsou kolejnice pro dopravu technologického zatizeni. Z hlavniho
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power of the power station will be 644MW. The nominal speed of
the turbine is designed to be 600rpm, the diameter of the turbine
spiral case is 3 200mm. Maximum water flow through the turbine
(when generating electricity) will be 32.4m%s and the maximum
transported amount of water (when pumping into the upper reservoir)
will be 27.0m?/s. The maximum delivery head of the turbine in pump
mode is 570m. A hydraulically operated ball valve DN 1500mm will
be placed in front of the spiral of each turbine.

Above each turbine will be a motor-generator (a synchronous
engine with a ten-pole rotor rated at 15.75kV). Excitation of the
motor-generator will be ensured by an excitation set, which will be
powered from a substation. The motor-generator will be cooled by
air. Air handling equipment and air conditioning units (located in the
upper part of the engine room) will ensure forced ventilation of the
premises, heat removal and possibly temperature control in the cable
ducts. The system will consist of a combination of fans and water-
cooled air handling units.

Two overhead cranes will be located in the engine room. Their
load capacity depends on the heaviest element (approx. 260t) that
needs to be handled (two coupled cranes) both during construction
and during subsequent disassembly and assembly as part of repairs
and maintenance. The heaviest parts to be lifted will be the rotor and
stator of the generator and the ball valve. The engine room will be
located at a depth of approx. 310m below the surface and will be
located in a stable rock massif (gneiss). The length of the engine
room excavated in rock, is approx. 118m, the width is approx. 24m.
The height of the cavern is approx. 48m, the total volume of the
openings for the engine room is approx. 152,000m’. Volume of
built-in concrete structures approx. 47,000m?. The dimensions of the

engine room (Fig. 3) are mainly based on

24000 mm

48000 mm

the dimensions of the turbine (the elevation
of the axis of the turbine is 126.48m above
sea level). The vault and walls of the cavern
will be secured by rock anchors in the solid
rock massif. Their number and distribution,
or reinforcement by lining in less favorable
conditions, will be determined by specific
geological situation and detailed static
calculation.

An access tunnel to the engine room will
be excavated as one of the first underground
works of the power station. The profile of
the tunnel must enable the transportation
of all parts of the technological equipment
of the engine room (turbine, spiral parts,
ball valves, transformers, etc.). During
operation of the power station, this tunnel
will serve as an escape route and must
therefore comply with all safety measures
(emergency ventilation, fire protection,
emergency lighting, etc.). The theoretical
excavation area for the access tunnel will
be mostly 29m?, the length of the tunnel
approx. 1,120m, the cubic volume of the
excavated rock approx. 37,500m?, concrete

LEGENDA LEGEND:

6 — craneway

1 - pfivadég, 2 — reverzni turbina, 3 — motorgenerator, 4 — rozvody vysokého napéti, 5 — odpadni tunel, 6 — jefabova draha
1 —inlet (headrace) tunnel, 2 — reverse turbine, 3 — motorgenerator, 4 - high voltage installation, 5 — outlet (tailrace) tunnel,

in total approx. 6,900m’. The access
tunnel will be equipped with a permanent
reinforced concrete lining, including
waterproof insulation. In the floor of the

dle podkladu [1] zpracoval Ing. Jifi Hauzer, DIAMO, s. p. according to the document [1] prepared by Ing. Jiri Hauzer, DIAMO, s. e.

Obr. 3 Preéerpdvaci vodni elektrdrna na dole CSA — piicny i'ez podzemni strojovnou (4 x 161 MW)
Fig. 3 Pumped storage hydroelectric power station at the CSA mine — cross-section of the underground

engine room (4 x 161MW)

tunnel there are rails for transporting
technological equipment. Additional access
and connection tunnels will branch off from
the main access tunnel, which will only be
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pristupového tunelu budou odbocovat dalsi pristupové a spojova-
ci tunely, které budou potiebné jen po dobu stavby (napt. smérem
k odpadnim tuneltim, k rozboceni pfivadéci).

Podzemni elektrarna bude propojena s dolni nadrzi dvéma odpad-
nimi tunely. Od savek turbin nejprve vedou ¢tyfi samostatné tunely
DN 3 650 mm (na kazdém z nich bude osazen tabulovy uzavér),
které se pak cca po 80 m spoji do dvou tuneld DN 5 200 mm. Délka
kazdého odpadniho tunelu ¢ini cca 1 690 m, kubatura vylomt cca
146 000 m? (pfi razbé se pocita s nadvylomem cca 19 %). Odpadni
tunely jsou navrZeny tak, aby se maximalni rychlost vody (pfi turbi-
novém provozu) pohybovala v rozmezi 2,6 az 3,1 m/s. Smérem od
strojovny k dolni nadrZi jsou tunely navrZeny v protispadu (az cca
2,9 %), ktery se pak v ¢asti u vytoku snizuje. Osa odpadnich tuneld
na jejich konci (u vytokového objektu) je na kété 160,80 m n. m.
Predpoklada se, Ze tunely budou opatfeny Zelezobetonovym osténim
tloustky 0,80 m a bude provedena dotésnujici injektaz.

V podzemi se bude také nachizet komora transformatori, kte-
rd bude mit rozméry cca 118 x 16 x 17 m (délka, Sitka, vyska), ku-
batura vylomu bude cca 35 900 m?, objem betonovych konstrukei
cca 10 400 m® (alternativné lze pouzit ocelové konstrukce). Razba
komory bude probihat obdobné jako razba kaverny pro strojov-
nu. Zacne se u stropu vylomem klenbové ¢ésti a jejim zajiSténim
(kotvy, ocelové sité, stiikany beton). Pod ochranou této klenby pak
bude sestupné v né€kolika etaZich probihat vylom jadra komory.

V komore transformatortt bude umisténo Sest kusti jednofazo-
vych transformatort (vykon vzdy 120/60/60 MVA). Tyto transfor-
matory budou zapojeny do dvou trojic (jedna trojice vZdy pro dva
generatory). Vzajemnym propojenim traf vzniknou dva trojihel-
niky (dvé kombinace se spolecnym vykonem 360/180/180 MVA
a napéfovym prevodem 15,75/15,75/400 kV). Transformatory bu-
dou s olejovym chlazenim, a proto musi byt pro ptipad havarie
vybaveny zachytnou vanou a patficné dimenzovanou jimkou.

Pro pfivedeni vykonu od generatord bude strojovna spojena s ko-
morou transformatord dvéma kratkymi (délka cca 30 m) spojova-
cimi tunely. Témito tunely budou prochdzet zapouzdiené vodice
(napéti 15,75 kV). Z komory transformétort povedou v kabelové
Stole (délka cca 950 m) dvé trojice kabeld (napéti 400 kV) do za-
pouzdiené rozvodny. Tato rozvodna bude napojena k prenosové siti
(venkovni vedeni 400 kV).

Predpoklada se, Ze Cerstvy vzduch bude proudit do podzemnich
prostor elektrarny pfistupovym tunelem, pfipadné kabelovou Sto-
lou. Vydusnou ¢ast systému (odvod vzduchu z podzemi) pak bude
tvorit vétraci Stola (vedena ze strojovny), na nizZ navaze svisla vé-
traci Sachta s vyudsténim na povrch piiblizné na k6té 368 m n. m.
Nad vyusténim Sachty bude betonovy objekt, do n¢hoz miZe byt
dle potieby osazena ventilacni jednotka.

Za tGc¢elem minimalizace rizika bude zfizen geotechnicky moni-
toring podzemnich objekti. Jiz v prabéhu stavebnich praci bude
sledovano napéti ve sténiach vyrubii a na zdkladé vysledkti budou
provadéna odpovidajici technickd opatfeni. Budou zfizeny méfici
profily s extenzometry, budou sledovany deformace ve sténach ka-
veren, posuny na diskontinuitich (puklinich), tahové sily v kotvach
a seismické zatiZeni b&hem trhacich praci. Budou provddéna kont-
rolni geodeticka méfeni. Monitoring bude pokracovat také nasledné
za provozu elektrarny (po dokonceni stavebnich a montdZnich praci).

Vytokovy objekt (s kapacitou 130 m*/s pfi turbinovém provozu)
bude umistén na behu dolni nadrze, v misté zakonceni odpadnich
tuneltl. Tento objekt slouzi k vytoku vody do dolni nadrze (pfi tur-
binovém rezimu) a zaroveni k nitoku vody z dolni nadrZe (pfi Cer-
padlovém rezimu). Tento Zelezobetonovy objekt ma dno na koté
cca 158,20 m n. m. Hladinu dolni nadrZe bude pievysovat o 1,5 m
(koruna objektu na kot€¢ 173,50 m n. m.). Objekt bude vybaven
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needed during the construction period (e.g. towards outlet tunnels,
intake branching).

The underground power station will be connected to the lower
reservoir through two outlet tunnels. Four separate DN 3,650mm
tunnels lead from the turbine exit (each of them will be fitted with
a butterfly valve), which will then connect after approx. 80m into
two DN 5,200mm tunnels. The length of each outlet tunnel is
approx. 1 690m, the volume of the excavations is approx. 146,000m?
(an over-excavation of approx. 19% is expected during excavation).
The outlet tunnels are designed so that the maximum water velocity
(during turbine operation) ranges from 2.6 to 3.1m/s. In the direction
from the engine room to the lower reservoir, the tunnels are designed
with a rising slope (up to approx. 2.9%), which then decreases in
the part near the exit. The axis of the outlet tunnels at their end (at
the outlet object) is at an elevation of 160.80m above sea level. It is
assumed that the tunnels will be supported with a reinforced concrete
lining of 0.80m thickness and sealing grouting will be carried out.

There will also be a transformer chamber in the underground,
which will have dimensions of approx. 118 x 16 x 17m (length,
width, height), the volume of the openings will be approx. 35,900m’,
the volume of concrete structures approx. 10,400m’ (alternatively,
steel structures can be used). Excavation of the chamber will proceed
similarly to the excavation of the cavern for the engine room. It starts
at the ceiling by breaking out the vault part and securing it (anchors,
steel mesh, sprayed concrete). Under the protection of this vault, the
core of the chamber will then be excavated in several levels.

Six single-phase transformers will be placed in the transformer
chamber (output 120/60/60MVA each time). These transformers
will be connected in two triples (one triple each for two generators).
Two triangles are created by interconnecting the transformers (two
combinations with a common output of 360/180/180MVA and
a voltage conversion of 15.75/15.75/400kV). The transformers will
be oil-cooled, and therefore must be equipped with a catchment
basin and an appropriately sized sump in the event of an accident.

To supply power from the generators, the engine room will be
connected to the transformer chamber by two short (approx. 30m
long) connecting tunnels. Encased conductors (voltage 15.75kV)
will pass through these tunnels. From the transformer chamber, two
triplets of cables (voltage 400k V) will lead in the cable tunnel (length
approx. 950m) to the encapsulated substation. This substation will be
connected to the transmission network (400kV external line).

It is assumed that fresh air will flow into the underground areas
of the power station through an access tunnel or a cable tunnel. The
exhaust part of the system (air extraction from the underground)
will then consist of a ventilation tunnel (led from the engine room),
connected to a vertical ventilation shaft with an outlet to the surface
at an elevation of approximately 368m above sea level. A concrete
structure will be above the outlet of the shaft into which ventilation
unit can be installed as needed.

In order to minimize the risk, monitoring of underground objects
will be established. Already during the construction work, the tension
in the walls of the excavations will be monitored and appropriate
technical measures will be realized based on the results. Measuring
profiles with extensometers will be installed, and deformations in
cavern walls, displacements at discontinuities (cracks), tensile forces
in anchors and vibration loads during blasting will be monitored.
Controlling geodetic measurements will be carried out. Monitoring
will also continue during the operation of the power station (after
completion of construction and assembly work).

The outlet facility (with a capacity of 130m?*s during turbine
operation) will be located on the bank of the lower reservoir, at
the end of the outlet tunnels. This object is used for the outflow
of water to the lower reservoir (in turbine mode) and at the same
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Obr. 4 Preéerpdvaci vodni elektrdrna na dole CSA - zjednodusené schema elektrdrny (4 x 161 MW)
Fig. 4 Pumped storage hydroelectric power station at the CSA mine — simplified diagram of the power station
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time for the intake of water from
the lower reservoir (in pump mode).
This reinforced concrete structure
has a bottom at an elevation of
approx. 158.20m above sea level.
It will exceed the level of the lower
reservoir by 1.5m (the crown of the
structure at an elevation of 173.50m
above sea level). The structure will
be equipped with sluice gates, lattice
grills and grooves for temporary
weir. Manipulation of lattice grills
and temporary weir is assumed to be
carried out by a mobile crane from the
crown of the structure. It is assumed
that the dimensions of the outlet
structure will be specified in the next
stage of the project documentation
on the basis of detailed calculations,
possibly even model tests.

Other structures will also be part

(4 x 16IMW)

stavidlovymi uzavéry, Ceslemi a drazkami pro provizorni hrazeni.
Manipulace s ¢eslovymi poli a s provizornim hrazenim se piedpo-
klada autojefabem z koruny objektu. Predpoklada se, Ze rozméry
vytokového objektu budou upfesnény v dalSim stupni projektové
dokumentace na zdklad€ podrobnych vypoctl, pfipadné i modelo-
vych zkousek.

Soucasti podzemni piecerpavaci elektrarny budou i dalsi objekty
(napft. spravni budova, velin, dilny a sklady, pfijezdové a obsluzné
komunikace, venkovni vedeni 400 kV, zdlozni vedeni 22 kV, kame-
rovy systém, protipozarni signalizace, vodovody, kanalizace, kabe-
lové kanaly pro slaboproudé rozvody a datovou sit, méfeni pratokt
a prusaktl apod.). Déle provozni soubory (napft. dieselagregat jako
zaloha pro zaji$t€ni moZnosti ,black startu®, fidici systém elek-
trarny umoznujici fizeni provozu elektrarny na déalku z dispecinku
pfenosové soustavy anebo ru¢né piimo z velinu elektrarny, trans-
formétory vlastni spotfeby se silnoproudovymi rozvody (6,3 kV)
pro vlastni spotfebu elektrarny a navazujicimi nizkonapéfovymi
rozvody (400 V, 230 V), véetné dalSich zafizeni a stroju ¢i doprav-
nich prostfedkd nezbytnych pro provoz elektrarny. Jejich podrobny
popis by piekrocil rozsah tohoto ¢lanku, konkrétni parametry vy-
plynou z dalsich stupniil projektové dokumentace (obr. 4).

EKONOMIKA STAVBY

Potfebné rozméry stavebnich objekttl byly stanoveny na zakla-
dé technického feSeni precerpavaci vodni elektrarny. Ceny strojné
technologické a elektro Casti byly stanoveny na zdkladé orientac-
nich kalkulaci dodavateld. Ceny stavebnich objekti byly stanoveny
za vyuziti ceniku stavebnich praci (URS). Ceny byly porovnavany
s cenami obdobnych objektt a s kalkulacemi z dfive zpracovanych
studii. Tyto ceny byly pfepocteny na cenovou droveti roku 2022.

Byly také analyzovany sluzby, které miZe preCerpdvaci elekt-
rarna poskytovat pro prenosovou soustavu. Na zdkladé vysledki
této analyzy byly stanoveny mozné roc¢ni vynosy elektrarny. Po-
tom byly stanoveny provozni nadklady elektrarny (ro¢ni provozni
naklady, ndklady na odpisy a opravy). VSechny tyto idaje pak byly
pouzity pfi vypoctech cash-flow.

Financovani projektu se (pro potieby ekonomickych vypo-
¢tl) predpokladd kombinaci vlastniho kapitalu investora (40 %)

of the underground pumped stora-
ge hydropower station (e.g. admi-
nistrative building, control room,
workshops and warehouses, access and service roads, 400kV
outdoor line, 22kV backup line, camera system, fire alarm system,
water pipes, sewage, cable ducts for low-current distribution and data
network, flow and seepage measurement, etc.). Furthermore, service
units (e.g. a diesel generator as a backup to ensure the possibility
of a “black start”, a power station control system enabling remote
control of the power station’s operation from the transmission
system’s control room, or manually directly from the power station’s
control room, self-consumption transformers with high-current
distributions (6.3kV) for the power station’s own consumption and
associated low-voltage distribution systems (400V, 230V), including
other equipment and machinery or means of transport necessary for
the operation of the power station. Their detailed description would
exceed the scope of this article, specific parameters will result from
the next stages of the project documentation (Fig. 4).

CONSTRUCTION ECONOMICS

The necessary dimensions of the construction objects were
determined on the basis of the technical solution of the pumped
storage hydroelectric power station. The prices of the mechanical,
technological and electrical parts were determined on the basis of
indicative calculations by the suppliers. The prices of construction
objects were determined using the price list of construction works
(URS). The prices were compared with the prices of similar objects
and with calculations from previously prepared studies. These prices
have been converted to the price level of 2022.

The services that a pumped storage station can provide for the
transmission system have also been analyzed. Based on the results
of this analysis, the possible annual revenues of the power station
were determined. The operating costs of the power station were then
determined (annual operating costs, depreciation and repair costs).
All these data were then used in cash-flow calculations.

The financing of the project is assumed (for the purposes of
economic calculations) to be provided by a combination of the
investor’s own capital (40%) and a bank loan (60%). It is considered
that the investor will be able to finance all the costs of the project
until the building permit is issued and then finance 40% of the costs
for the entire construction period. The bank loan will be provided
with a repayment period of 25 years, with an interest rate of 4.3%.
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a bankovniho uvéru (60 %). UvaZuje se, Ze investor bude schopen
financovat veskeré néklady projektu az do vydani stavebniho povo-
leni a nasledné potom financovat 40 % naklada po celou dobu vy-
stavby dila. Bankovni uvér bude poskytnut s délkou spldceni 25 let,
s urokovou sazbou 4,3 %. Splaceni troku i tvéru bude provedeno
anuitni formou (stalé splatky, které v sobé zahrnuji ¢astku, o kterou
se snizuje dluh, a platbu bance za ptjceni penéz). Zacatek splaceni
(vCetné uroki nabéhlych za dobu vystavby dila) bude odloZen az
do doby uvedeni do provozu, kdy elektrarna za¢ne generovat zisk.

Posouzeni vyhodnosti projektu bylo v ramci studie provedeno
metodou NPV (Net Present Value = Cista soucasna hodnota). Déle
byla pouZita metoda IRR (Internal Rate of Return = vnitini vyno-
sové procento). Hodnota NPV z vlastnich zdroju (souc¢asna hodno-
ta souctu ocekavanych budoucich penéznich tokd minus soucasna
hodnota investovanych prostiedki) vysla kladné. Hodnota IRR vy-
$la 10,97 %, coZ je vice nez sazba WACC (Weighted Average Cost
of Capital = vaZeny primér ndklada kapitdlu), kterd byla stanove-
na na 6,7 % (minimalni potfebnd navratnost firemnich aktiv pro
udrzZeni ¢innosti). Doba splaceni vlastnich zdroji vychazi v tomto
pripadé na 8.4 let.

Ekonomickou analyzou [3] bylo prokdzano, Ze prijemce tvéru
bude schopen po uvedeni elektrarny do provozu plnit své zivaz-
ky viaci bance. Z pohledu investora je dilezité, aby elektrarna po
uvedeni do provozu vytvarela nejen dostate¢né zdroje na financo-
vani zavazku viaci bance, ale také umozZnila zhodnoceni vlastniho
vloZeného kapitalu v mife vyssi nez 6,7 % (hodnota WACC). Tyto
podminky (pfi splnéni vychozich podminek pro vystavbu a provoz)
projekt spliiuje.

CASOVY PLAN VYSTAVBY

Casovy plan vystavby vychéizel z piedpokladu vytvofeni dolni
nadrze v podobé velkého jezera, které mélo vzniknout v ramci re-
kultivaci v mist& zbytkové jamy v lomu CSA. Rozhodujici milniky
byly proto ovlivnény pribéhem a dobou napousténi jezera.

Zacatek napousténi jezera byl uvazovan na zacatku roku 2027.
Dosazeni hladiny v jezefe na ké6té 172 m n. m. na konci roku 2038
(celkem cca 12 let). Z toho se odvijel termin uvedeni celého dila do
zkuSebniho provozu (kvéten 2040) a také termin tplného dokonce-
ni celé vystavby (Cerven 2041).

Vlastni vystavba méla byt zahdjena v prostoru budouci dolni na-
drze (vytokovy objekt, odpadni tunely) jiZ v roce 2033. Celkova
délka realizace vystavby preCerpdvaci elektrarny (tedy od ziska-
ni stavebniho povoleni aZ po vydani kolauda¢niho souhlasu) byla
uvazovana 96 mésicu (8 let). Vzhledem k tomu, Ze doslo k rozhod-
nuti o zméné zpusobu rekultivace (z piivodné uvazované hydric-
ké rekultivace na prirozenou sukcesi), a téZ s uvaZenim toho, Ze
pro provoz precerpavaci vodni elektrarny zcela postaci dolni nadrz
mnohem mensich rozmérd, nez jaké byly pivodné navrhovany, lze
velmi redlné uvazovat jak o piepracovani pivodniho zaméru, tak

vvvvvv

PRECERPAVACI ELEKTRARNY V BYVALYCH HLUBINNYCH
DOLECH

Ve sprave statniho podniku DIAMO je i nékolik hlubinnych dolu,
u kterych muze byt také zvazovéana (jako jedna z moznosti jejich
budouciho vyuZiti po ukonceni t€Zby) rekonstrukce na podzemni
precerpavaci elektrarny. V soucasné dobé vSak teprve probihd po-
suzovani téchto lokalit a prizkum jejich mozného hydroenergetic-
kého potencialu.

Ke dni psani ¢lanku proto byly zpracovany pouze orientacni pied-
bézné studie proveditelnosti, na které by mély navazat nasledné
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Both the interest and the loan will be repaid in the form of an annuity
(fixed installments that include the amount by which the debt is
reduced and the payment to the bank for borrowing money). The
start of repayment (including interest accrued during the construction
period) will be postponed until the time of commissioning, when the
power station starts generating profit.

The assessment of the project’s profitability was carried out within
the study using the NPV (Net Present Value) method. Furthermore,
the IRR (Internal Rate of Return) method was used. The value of
NPV from own resources (present value of the sum of expected
future cash flows minus the present value of invested funds) came
out positive. The IRR came out at 10.97%, which is higher than
the WACC (Weighted Average Cost of Capital) rate, which was
set at 6.7% (the minimum required return on the company’s assets
to sustain operations). In this case, the repayment period of own
resources is 8.4 years.

An economic analysis [3] proved that the loan recipient will be
able to fulfill his obligations to the bank after the power station is put
into operation. From the investor’s point of view, it is important that
the power station, after commissioning, not only generates sufficient
resources to finance the liabilities to the bank, but also enables the
appreciation of own invested capital at a rate higher than 6.7%
(WACC value). The project meets these conditions (if the assumed
conditions for construction and operation are met).

CONSTRUCTION SCHEDULE

The construction schedule was based on the assumption of
creating a lower reservoir in the form of a large lake, which was to be
created as part of the reclamation at the site of the residual pit in the
CSA mine. The decisive milestones were therefore influenced by the
course and time of filling the lake.

The beginning of filling the lake was considered at the beginning
of 2027. Reaching the lake level at an elevation of 172m above sea
level at the end of 2038 (approx. 12 years in total). This resulted in
the date of putting the entire work into trial operation (May 2040) as
well as the date of completing the entire construction (June 2041).

The actual construction was supposed to start in the area of the
future lower reservoir (outlet facility, outlet tunnels) as early as 2033.
The total duration of the construction of the pumped storage power
station (i.e. from obtaining the building permit to the issuance of the
approval) was considered to be 96 months (eight years). Given that
a decision was made to change the method of reclamation (from the
originally considered reclamation by flooding to natural succession),
and also considering that a lower reservoir of much smaller
dimensions than those originally proposed will be completely
sufficient for the operation of the pumped storage hydroelectric
power station, it can be very realistic to think about both reworking
the original plan and moving the start of construction to an earlier
date than 2033.

PUMPED STORAGE POWER STATIONS IN FORMER DEEP
MINES

There are also several deep mines under the management of the
state enterprise DIAMO, which may also be considered (as one of
the possibilities for their future use after the end of mining) to be
converted into underground pumping stations. Currently, however,
the assessment of these locations and the survey of their possible
hydropower potential are still underway.

Therefore, as of the date of writing the article, only indicative
preliminary feasibility studies have been prepared, which should
be followed up by further studies. It will be necessary to solve a

whole range of hydraulic, hydrotechnical, engineering-geological




studie dalsi. Bude nutno vyfesit celou fadu hydraulickych, hydro-
technickych, inZzenyrsko-geologickych a dalSich technickych pro-
blému. Jednd se mimo jiné o problematiku kontaminace a agre-
sivity dilnich vod, vhodné volby pouzitych materidll, moznosti
odizolovani prostor vyuZivanych elektrdrnou od ostatnich casti
dolu, otdzky stability horninového masivu, odvétrani, bezpecnosti
provozu atd. Dosavadni stupeii poznani zatim jesté prili§ nedovo-
luje, aby vysledky studijnich praci jiZ mohly byt zvefejnény a bylo
tak mozno s nimi podrobnéji seznamit i ¢tenare tohoto ¢asopisu.

Jednou ze zkoumanych lokalit byla lokalita Dolu Darkov (region
Ostrava). Vystavba tohoto dolu zacala jiz v roce 1972. T¢Zba zde
probihala v letech 1982 az 2021. Z dolu bylo vytéZeno asi 54 mil. t
uhli, coz predstavuje objem vytéZenych prostor téméf 40 mil. m>.
V ptipadé, Ze by bylo mozné vyuzit pro tcely elektrarny pouhou jed-
nu desetinu téchto prostor, jednalo by se i tak o velmi pozoruhodny
objem. Maximalni spady v této lokalit¢ mohou byt cca 400 m.

Dalsi potencidlné vhodnou lokalitou pro vystavbu piecerpava-
ci vodni elektrarny je byvaly hlubinny dil na t€Zbu uranové rudy
v lokalité¢ Rozna (region Vysocina). Tézba v tomto dole byla za-
héjena jiz v roce 1957 a trvala aZ do roku 2016, kdy byla ukonce-
na (usnesenim vlady ¢. 50/2016). Vytézilo se zde vice jak 20 tis. t
uranu. V podzemi dolu se nachazi vice jak 500 km dilnich chodeb.
Hloubka dobyvani dosahovala v nékterych mistech az 1 200 m pod
povrchem. Maximalni spady dosud uvaZované pro precerpavaci
elektrarnu v této lokalité jsou cca 490 m.

Nové vyuziti jiz uzavieného hlubinného dolu, po jeho prebu-
dovéni na precerpéavaci vodni elektrarnu, by znamenalo mnohem
mensi dopady na Zivotni prostiedi nez v piipadé vystavby zcela
nové elektrarny pouze na povrchu. Soucasné by takovato vystavba
pfinesla do oblasti, kde jiZ skoncila téZba, nové moznosti pracovni-
ho uplatnéni. V pripadé hlubinného dolu 1ze vyuzit podzemni pro-
story nejen pro umisténi strojovny, ale i pro umisténi dolni nadrze
v jinak nevyuzivanych dilnich prostorach. Jen horni nadrZ by byla
umisténa na povrchu, v blizkosti svislé Sachty. Podzemni strojovna
(tedy nejnize poloZené misto celé soustavy) by byla v blizkosti dol-
ni nadrZe. Pfivod vzduchu do dolni nddrZze muze byt zajistén jinou
Sachtou ¢i vrtem z povrchu, anebo také potrubim (napfiklad z pro-
storu strojovny anebo z jinych ¢asti dolu). Je tfeba zajistit volné
proudéni vzduchu do prostoru dolni nidrZe, aby v ni nedochézelo
k nezddoucim zméndm tlaku v priibéhu plnéni a prazdnéni.
ZAVER

Lze fici, Ze v pripadé, Ze by se podafilo vyfesit problémy spo-
jené s prestavbou jak povrchovych, tak i hlubinnych dolt na pre-
Cerpavaci vodni elektrarny, mohlo by se zcela jist¢ jednat o velmi
vhodny piispévek k zaji§téni celkové stability energetické sit¢ CR
i sttedoevropské energetické sité.

VACLAV BUDINSKY,
budinsky@diamo.cz, DIAMO, s. p.
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and other technical problems. These include, among other things,
the issue of contamination and aggressiveness of mine waters, the
appropriate choice of materials used, the possibility of isolating the
spaces used by the power station from other parts of the mine, issues
of rock mass stability, ventilation, operational safety, etc. The current
level of knowledge does not yet allow the results of the studies to be
published and to familiarize the readers of this magazine with them
in more detail.

One of the investigated locations was the Darkov mine (Ostrava
region). Construction of this mine began as early as 1972. Mining
took place between 1982 and 2021. About 54 million tons of coal
were extracted from the mine, which represents the volume of mined
space of almost 40 million m®. If it were possible to use only one-
tenth of these spaces for the purposes of the power station, it would
still be a very remarkable volume. The maximum head difference in
this locality can be approx. 400m.

Another potentially suitable site for the construction of a pumped
storage hydropower station is a former deep mine for the extraction
of uranium ore in the RoZna locality (Vysocina region). Mining
in this mine started already in 1957 and lasted until 2016, when it
was terminated (by Government Decree No. 50/2016). More than
20 thousand tons of uranium were mined here. There are more than
500km of mine corridors underground. The depth of mining reached
up to 1,200m below the surface in some places. The maximum head
difference considered so far for the pumped storage power station in
this location is approx. 490m.

The new use of an already closed deep mine, after its conversion
into a pumped storage hydroelectric power station, would mean much
smaller environmental impacts than in the case of the construction of
a completely new power station only on the surface. At the same
time, such construction would bring new job opportunities to the
area where mining has already ended. In the case of a deep mine,
underground spaces can be used not only for the location of the
engine room, but also for the location of the lower tank in otherwise
unused mine spaces. Only the upper tank would be located on the
surface, near the vertical shaft. The underground engine room (i.e. the
lowest point of the entire system) would be near the lower reservoir.
The air supply to the lower tank can be ensured by another shaft or
borehole from the surface, or also by a pipe (for example, from the
engine room area or from other parts of the mine). It is necessary to
ensure a free flow of air into the space of the lower tank, so that there
are no undesirable pressure changes in it during filling and emptying.

CONCLUSION

It can be said that if the problems associated with the conversion
of both surface and deep mines into pumped storage hydroelectric
power stations could be solved, it could certainly be a very suitable
contribution to ensuring the overall stability of the energy network
of the Czech Republic and the Central European energy network.

VACLAV BUDINSKY,
budinsky@diamo.cz, DIAMO, s. e.
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ZAJISTENI DULNICH DEL V PRUZKUMNEM UZEMI ZLATE HORY
SECURING MINE WORKINGS IN THE EXPLORATION AREA
OF ZLATE HORY

LADISLAV PASEK, VLADIMIR VRANKA

ABSTRAKT

Stdti podnik DIAMO provddi v vizemi Zlaté Hory geologicko-priizkumné prdce zamérené na ovéteni zdsob zlata a dalSich kovii mistniho
historického loZiska, které zahrnuji i jadrové vrtdni z podzemi zdejsiho byvalého dolu. JelikoZ ten byl skoro 30 let opustén, bylo nutné pristou-
pit k zajisténi diilnich dél tak, aby byla obnovena jejich funkce a bezpecny provoz. Cinnosti zahrnovaly jak otevieni zlikvidovanych didnich
deél Uvodni iipadnice 2401 a $toly Novy Hackelberk, tak predevsim obnovu samotné didni infrastruktury umoZitujici umisténi vriné soupravy
do centrdlni cdsti dilctho loZiska Zlaté Hory-zdpad. To znamenalo nejen vycisténi ditlnich struZek, vipravu poc¢vy diilnich chodeb a vyménu
poskozenych ocelovych vyztuZi, ale i pripojeni dolu na elektrickou sit, telekomunikacni rozvody a vybudovdni meteostanice v podzemi. Vzhle-
dem ke komplexnosti pract se na téchto cinnostech podili odbornici naptic celym stdtnim podnikem DIAMO a je vyuZivdna technika, kterou
stdatni podnik disponuje i na jinych pracovistich. Kde to bylo mozné, bylo vyuZito vybaveni z likvidovanych dolii na Karvinsku.

ABSTRACT

DIAMO, state enterprise, carries out geological and exploration work in the Zlaté Hory (Golden Mountains) area aimed at verifying the
reserves of gold and other metals of the local historic deposit, which includes core drilling from the underground of the local former mine. As it
had been abandoned for almost 30 years, it was necessary to secure the mine workings in order to restore their function and safe operation. The
activities included both the opening of the decommissioned mine workings of the Initial inclined drift 2401 and the Novy Hackelberk gallery, and
above all the restoration of the mining infrastructure itself to enable the placement of a drilling rig in the central part of the Zlaté Hory-West sub-
deposit. This meant not only cleaning the mine drifts, modifying the beginning of the mine galleries and replacing damaged steel supports, but
also connecting the mine to the electrical and telecommunication networks, and building an underground weather station. Due to the complexity
of the work, these activities involve experts from across the entire DIAMO state enterprise and use equipment that the state enterprise also has

at its disposal at other workplaces. Where possible, equipment from the liquidated mines in the Karvind region was used.
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Zlatohorsky revir je nejvétsim rudnim revirem severni Moravy
a zapadniho Slezska, ve kterém probihala t€Zba drahych a barev-
nych kovil s riznymi pfestdvkami po nékolik stoleti. Jako zlato-
horsky rudni revir se oznaCuje prostor o rozloze asi 25 km? v okoli
Zlatych Hor, ohrani¢eny na severu statni hranici s Polskou repub-
likou, na vychodé silnici od statni hranice do Zlatych Hor a déle
udolim Miserichu, az po sedlo s osadou Vorwitz. Na jihu omezuje
revir obec Hefmanovice a tdoli Opavice a na zapad€ udoli OleSni-
ce s obcemi Dolni a Horni Udoli.

Ve zlatohorském rudnim reviru bylo doposud zkoumdno pét
loziskovych prostorti. Dva z nich, Zlaté Hory-jih a Zlaté Hory-
-Hornické skély, jsou lozisky médi a jejich ekonomicky zajimavé
zasoby jsou dnes jiZ prakticky vytéZeny. Zbyvajici tfi prostory jsou
lozisky polymetalickych rud s riznym stupném prozkoumanosti.
Nejdulezitéjsi z nich je loZisko Zlaté Hory-zapad, jehoZ hodnota
je dana predev§im pfitomnosti zlata v centrdlni ¢asti, kde spolu
s polymetalickym zrudnénim vytvaii nabohacenou rudni strukturu
sloupcovitého charakteru, jejiz hloubkovy vyvoj je ¢astecné oveéfen
aZ na urovenl 5. t€Zebniho patra (cca 570 m pod terénem). Toto
loZisko, spolu s polymetalickym loZiskem Zlaté Hory-vychod,
bylo predmétem otvirky a pfipravy a loZisko Zlaté Hory-zdpad
i docasné téZby na konci osmdesatych a na zacatku devadesatych
let 20. stoleti. Pfipravu, otvirku i doCasnou téZbu realizoval statni
podnik Rudné doly Jesenik, zdvod Zlaté Hory. Posledni loZiskovy
prostor Zlaté Hory-Hefmanovice se nachazi ve velké hloubce (vice
nez 1 km pod terénem). Jeho vyvoj je ovéfen v etapé vyhledavaciho
pruzkumu a je reprezentovan chudymi polymetalickymi rudami,
u nichZ zatim nebyly zji§tény zajimavéjsi obsahy zlata. Tak se stava
pro dalsi tivahy o eventudlnim vyuZiti neperspektivni.

INTRODUCTION

The Zlaté Hory mine district is the largest ore district in northern
Moravia and western Silesia, where precious and non-ferrous
metals have been mined intermittently for several centuries. The
Zlaté Hory ore district is defined as an area of about 25km? in the
vicinity of Zlaté Hory, bounded to the north by the state border
with the Republic of Poland, to the east by the road from the state
border to Zlaté Hory and further along the Miserich valley to the
saddle with the settlement of Vorwitz. In the south, the area is
bounded by the village of Hefmanovice and the Opavice valley and
in the west by the Olesnice valley with the villages of Dolni Udoli
and Horni Udoli.

So far, five deposit areas have been explored in the Zlaté Hory
ore district. Two of them, Zlaté Hory-South and Zlaté Hory-
Hornické skaly, are copper deposits and their economically
interesting reserves are now practically exhausted. The remaining
three areas are deposits of polymetallic ores with varying degrees
of exploration. The most important of them is the Zlaté Hory-West
deposit, the value of which is mainly determined by the presence of
gold in the central part, where, together with the polymetallic ore, it
forms an enriched ore structure of a columnar character, the depth
of which has been partially verified up to the level of the 5" mining
level (about 570m below the terrain). This deposit, together with the
Zlaté Hory-East polymetallic deposit, was the subject of opening
and preparation, and the Zlaté Hory-West deposit the subject of of
temporary mining in the late 1980s and early 1990s. Preparation,
opening and temporary mining were carried out by the state
enterprise Rudné doly Jesenik, Zlaté Hory branch. The last deposit
area Zlaté Hory-Hefmanovice is located at a great depth (more than
Ikm under the ground surface). Its development has been verified
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Predmétna oblast dolu Zlaté Hory je pro hornickou ¢innost — za-
jisténi dtlnich dél — oznacena jako Zlaté Hory-zépad. Likvidacni
préace na lozisku probihaly dle schvéleného planu likvidace (IV. eta-
py) v ndvaznosti na usneseni vlady CSFR z Eervna 1990 o feSenf
rudného hornictvi a vyhlaseni Gtlumového programu pro odvétvi
rudného hornictvi [1]. Tato etapa byla ukoncena v zavéru roku 1993.
Prace spocivaly v demontazi a vyvezeni technologického zafizeni,
které by mohlo mit v piipad€ ponechdni na misté vliv na Zivotni pro-
stiedi, a v uzavfeni hlavnich ditlnich dé€l. Vertikalni rozsah loZiska je
vymezen dilnimi dily §tola Novy Hackelberk (0. patro), Stola Mir
(1. patro) a dalnimi dily 3. patra. Pouzitou dobyvaci metodou byla
komora s ponechanym otevienym prostorem. Za celou dobu exploa-
tace tohoto dil¢iho loziska bylo vytéZeno cca 640 tis. tun rudy.

V ramci drivéjSich etap planu likvidace dolu a povrchu byla zlik-
vidovana rovnéZ usti hlavnich dlilnich dél na loZiscich monometa-
lického médéného zrudnéni Zlaté Hory-jih a Zlaté Hory-Hornické
skély a na loZisku polymetalickych rud (Pb, Zn, Cu) Zlaté Hory-
-vychod. Poslednim udrzovanym tvodnim dilnim dilem byla Po-
mocnd jama.

Demolice povrchovych objektii probihala v nékolika etapach,
ukoncena byla zbourdnim administrativnich budov, provoznich
budov a Zelezobetonové konstrukce tézni jamy v roce 2012. Sut
z demolicnich praci byla na misté pfedrcena a ¢astecné (ve frakci
0-63) slouzila jako nezpevnény zasyp pro likvidaci HDD (hlavni
dilni dilo) Uvodni tpadnice 2401. Uvodni tGpadnice 2401 byla do
doby likvidace v reZimu zajisténi, tedy dulni dilo bylo provozova-
no a udrZovéno, avsak jiz neprobihala tézba.

Dilci dobyvaci prostory (DP) pro jednotliva loZiska byly zruSeny,
na lozisku Zlaté Hory-vychod byl DP zmensen. Ochrana loziska
byla nadale zajisfovdna chranénym loZiskovym tzemim s ndzvem
Zlatohorsky rudni revir [2].

RESTART GEOLOGICKEHO PRUZKUMU

Statni podnik DIAMO zahijil pfipravu projektu geologickych
praci v oblasti zruSeného loZiska ve Zlatych Horach v roce 2020.
Cilem bylo prozkoumat zdsoby zlata a dal§ich kovll v samotném
primarnim lozisku a také v ulozenych flotacnich kalech byvalého
odkalist¢ O3. Stitni podnik DIAMO tak navazal na rozhodnuti
ministerstva Zivotniho prostfedi o stanoveni prizkumného tdzemi
a drivéjsi usneseni vlady o vyuZiti superstrategickych surovin.
V roce 2021, pfi zahdjeni feSeni nového zajisténi dalnich dél pro
nésledné vrtné prace v podzemi, byl tedy areal dolu ve velké mife
jiz rekultivovany. Dl byl dlouhodobé odpojen od elektrické ener-
gie a v aredlu provozu se nachazely pouze budovy potfebné pro
provoz Cistirny dalnich vod.

Prvni kontrolou stavu dilnich dél v podzemi bylo zjisténo zane-
seni struzek svadéjicich dilni vody do odvodiovaci Stoly okrovym
sedimentem a vyliti vody na po¢vu dilnich dél. V nékterych tse-
cich sedimenty na poc¢vé vytvorily zpevnéné krusty a vody se vol-
né rozlévaly po pocveé. Ve dvou mistech s tektonickymi poruchami
vyplnénymi jilem doslo vlivem bobtnéni k nepfijatelnému stlaceni
vrchliku ocelové obloukové vyztuze. V dole fungovalo pfirozené
vétrani, v dobé kontroly bylo méfenim zjiSténo mnozstvi vétra
20 m’s. S témito podminkami bylo nutné nadéle pracovat.

otvirka Uvodni tipadnice 2401

Zakladni schéma otvirky byvalého dolu Zlaté Hory v jeho dil¢i
&asti Zlaté Hory-zapad byla otvirka zlikvidovanych HDD: Uvod-
ni tpadnice 2401 (UU 2401) a s§toly Novy Hackelberk. Hlavnim
divodem bylo vyuzit pomérné velkého vyskového rozdilu (cca
240 m) Gsti predmétnych HDD, tedy u Uvodni tpadnice 2401 je
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in the prospecting phase of the survey and is represented by poor
polymetallic ores, where more interesting gold content has not yet
been found. This makes it unpromising for further consideration
for possible exploitation.

GENERAL DESCRIPTION OF THE CONDITION OF MINE
WORKINGS BEFORE 2023

The area of the Zlat¢ Hory mine in question is designated
as Zlaté Hory-West for mining activities — securing the mine
workings. The liquidation works at the deposit were carried out
according to the approved liquidation plan (stage IV) in connection
with the resolution of the Government of the Czechoslovak
Republic of June 1990 on the solution of ore mining and the
announcement of the dumping programme for the ore mining
sector [1]. This stage was completed at the end of 1993. The work
consisted of dismantling and removing technology equipment
which, if left on site, could have an impact on the environment,
and of closing the main mine workings. The vertical extent of the
deposit is defined by the Novy Hackelberk adit (O™ level), Mir adit
(1% level) and 3" level galleries. The mining method used was the
open stope mining. Approximately 640 thousand tonnes of ore
were excavated during the entire exploitation of this sub-deposit.
The mouths of the main mine workings at the Zlaté Hory-South
and Zlaté Hory-Hornické skdly monometallic copper ore deposits
and at the Zlaté Hory-East polymetallic ore deposit (Pb, Zn, Cu), as
well as the surface, were also liquidated as part of the earlier stages
of the mine and the surface liquidation plan. The last maintained
initial mining work was the Pomocna shaft.

The demolition of the surface facilities was carried out in several
stages, and was completed with the demolition of administration
buildings, operational buildings and the reinforced concrete
structure of the mining shaftin 2012. The demolition rubble was pre-
crushed on site (0—63 fraction) and partially used as unconsolidated
backfill for the disposal of the MMW (main mine workings) of the
Initial inclined drift 2401. Until the time of liquidation, the Initial
inclined drift 2401 was in a secured regime, i.e. the mine was
operated and maintained but no longer with extraction.

The partial mining areas (MAs) for individual deposits were
abandoned, and the MA for the Zlaté Hory-East deposit was
reduced. The protection of the deposit was still provided by
a protected deposit area called the Zlaté Hory ore district [2].

RESTART OF GEOLOGICAL SURVEY

State enterprise DIAMO started the preparation of a project
on geological operations in the area of the abandoned deposit in
Zlaté Hory in 2020. The aim was to explore the reserves of gold
and other metals in the primary deposit itself and also in the
flotation sludge deposited in the former O3 tailings pond. Thus,
by 2021, when the solution for re-securing the mine workings for
subsequent underground drilling was initiated, the mine site had
already been largely reclaimed. The mine had been disconnected
from electricity for a long time and only buildings necessary for
the operation of the mine water treatment plant were located on
the site. The state enterprise DIAMO thus followed the decision of
the Ministry of the Environment to designate the exploration area,
and the earlier government resolution on the use of super-strategic
raw materials. Thus, by 2021, when the solution for re-securing the
mine workings for subsequent underground drilling was initiated,
the mine site had already been largely reclaimed.

The first inspection of the condition of the underground mine
workings revealed that the rill marks leading mine water into the
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to 570 m n. m. a u Stoly Novy Hackelberk 810 m n. m. Tim by byl
zasadné posilen pfirozeny vétrni tah, ktery v pivodni konfigura-
ci vyuzival pouze tahu pomoci difize skrze propady povrchovych
dobyvek stfedoveékého reviru Starohofi na temeni Pfi¢ného vrchu.
Druhym neméné dulezitym aspektem bylo zajisténi druhé ttékové
cesty z dolu, nebot obé HDD jsou v podzemi propojena.

Dul Zlaté Hory je z hlediska vétrani zafazen mezi neplynuji-
ci doly. Z hlediska ohroZeni ndhlymi piitoky a privaly vod patii
mezi doly bez nebezpeci privall a z hlediska nebezpeci dilnich
otfesti se povazuje za dil bez tohoto nebezpeci. Prace na otvirce
dolu byly zahdjeny na Uvodni tpadnici 2401. Ta je hlavnim diil-
nim dilem, které dosazZenim urovné 3. patra propojilo vSechna dil¢i
loziska dolu Zlaté Hory. Byla vyraZena v roce 1977 se sklonem
10° a profilem 24,5 m?. Vyztuz dpadnice je ocelova obloukova do-
plnéna castecné litym a stifkanym betonem. Likvidace HDD, pro-
vedena v roce 2012, spocivala v uzavieni ¢asti ipadnice nezpevné-
nym zasypem s ponechanym obsluznym prichodem. Ve staniceni
200 m byla zbudovana opérna Zelezobetonova hraz uchycena po-
moci ocelovych svornikii do okolniho horninového masivu. Dle
zpracovaného projektu likvidace byl nezpevnény zasyp ukladan
smérem k usti ve ¢tyfech lavkach, na vyplnéni vrchliku chodby byl
pouzit lity beton. Po demolici portalu bylo tsti zarovnano do tvaru
okolniho terénu (obr. 1 a obr. 2).
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Obr. 1 Usti Uvodni tipadnice p¥ed provedenim likvidace
Fig. 1 Entrance of Initial inclined drift before execution of liquidation
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drainage adit were clogged with an ochre sediment and that water
had spilled onto the mine workings bottom. In some sections, the
sediments on the surface had formed hardened crusts and water was
spilling freely over the bottom. In two areas with clay-filled tectonic
faults, swelling caused unacceptable compression of the top of
the supporting steel arch. Natural ventilation was operating in the
mine, with current velocity of 20m®s! measured at the time of the
inspection. It was necessary to work with these conditions further.

Opening of Initial inclined drift 2401

The basic scheme of the opening of the former Zlaté Hory Mine
in its sub-part Zlaté Hory-West was the opening of the liquidated
MMWs: the Initial Inclined drift 2401 (IID 2401) and the Novy
Hackelberk adit. The main reason was to take advantage of the
relatively large height difference (approx. 240m) of the mouths
of the MMWs in question, i.e. 570m above sea level for the
Initial Inclined drift 2401 and 810m above sea level for the Novy
Hackelberk adit. This would substantially strengthen the natural
air flow, which in its original configuration used only the diffusion
flow through inbreaks in the surface workings of the medieval
Stedohofi open cast mine at the top of the Pfi¢ny Vrch hill. The
second equally important aspect was the provision of a second
escape route from the mine as the two MMWs are interconnected
underground.

The Zlaté Hory mine is classified as a non-gaseous mine in terms
of ventilation. In terms of the threat of sudden inflows and water
breakouts, it is classified as a mine with no risk of water breakouts
and in terms of the risk of shock disturbances it is considered to
be a mine with no such risk. Work on the opening of the mine
has commenced at Initial Inclined drift 2401. This is the main
mine working which, by reaching the 3™ level, connected all sub-
deposits of the Zlaté Hory mine. It was mined in 1977 with a slope
of 10° and a profile of 24.5m? The support of the inclined drift is
provided by steel arches supplemented partially with cast concrete
and shotcrete. The disposal of the MMW, carried out in 2012,
consisted of closing a part of the inclined drift with unsolidified
backfill, leaving a service passage. A reinforced concrete retaining
dam was constructed at the stationing of 200m and fixed with steel
bolts to the surrounding rock mass. According to the prepared
liquidation project, the unconsolidified backfill was placed towards
the entrance in four benches, and cast-in-place concrete was
used to fill the top of the gallery.
After demolition of the portal, the
entrance was aligned to the shape of
the surrounding terrain (Fig. 1 and
Fig. 2).

As part of the reopening of Initial
Inclined drift 2401 in 2022, the stone
retaining wall at the entrance of the
inclined drift was dismantled and
the removal of the unconsolidated
backfill commenced after cutting out
the infest brush (Fig. 3). This activity
was carried out with JCB 4CX and
New Holland LB 95B excavator
loaders, on loan from the branch
ODRA. During this work, power
supply was provided to connect the

Obr. 2 Usti Uvodni tipadnice po provedent likvidace
Obr. 2 Entrance of Initial inclined drift for the execution of liquidation

construction switchboard, office
containers, site lighting and the
APXE 630 mine fan.




V rdmci opétovné otvirky Uvodni tipadnice 2401 v roce 2022
byla opérnd kamennd zed na usti Gipadnice rozebrana a po vyfezani
naletovych kfovin bylo zahdjeno odebirani nezpevnéného zasy-
pu (obr. 3). Tato Cinnost byla realizovana rypadlonakladaci JCB
4CX a New Holland LB 95B, zaptjc¢enymi z odstépného zadvodu
ODRA. V pribéhu téchto praci bylo realizovano zajisténi pfivo-
du elektrické energie pro pripojeni stavebniho rozvadéce, kance-
larskych kontejnerti, osvétleni pracovisté a dalniho ventilatoru
APXE 630.

S postupem praci se zacalo jevit problematickym rozpojovani
zpevnéného zasypu hydraulickym kladivem nesenym na podko-
povém ramenu rypadlonakladate New Holland. ReSenim bylo na-
sazeni expanzivniho rozpojovani pomoci expandéri GBT (Green
Breake Technoloy Cartridge). To mélo pozitivni vliv na produk-
tivitu prace. V té se projevilo i dodani dilniho kolového preprav-
nikového nakladace Epiroc ST2D o objemu IZice 2 m?, ktery byl
zatazen do procesu uZ ve findle otvirkovych praci.

Separatni vétrani bylo pouZito jako foukaci, zajiStované dilnim
ventilaitorem APXE 630 opatfenym tlumici hluku a spirolutnami
(vyrabénych svinovanim ocelového pasku v plné uzaviené spira-
le s té¢snym kovovym spojenim) v celkové délce 180 m. Z tubusu
upadnice bylo celkem vyvezeno cca 4 000 m? nezpevnéného ma-
teridlu a cca 250 m? zdsypu zpevnéného. Docasnym tGloZnym mis-
tem pro jejich uskladnéni byl uréen prostor vychodné pred tstim
tipadnice. Zelezobetonové prefabrikéty obsluzného priichodu byly
ponechédny na misté.

Otvirkové prace na stole Novy Hackelberk

Stola Novy Hackelberk je hlavni dilni dilo otevirajici loZisko
Zlaté Hory-zapad pro dplnou bezkolejovou mechanizaci. Bylo vy-
razeno v roce 1955 a v roce 1985 pak rozsifeno do soucasného
profilu 10,5 m?. Vyztuz je ocelova obloukova se Zelezobetonovymi
paznicemi délky 1 m. V souladu s pldnem likvidace (IV. etapou)
bylo usti Stoly ve staniceni 25 m uzavieno Zelezobetonovou uza-
viraci zdi. Portdl zdény Zulovymi kvadry do betonu byl ponechian
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dvodni ¢ast dosypdana nezpevnénym zasypem a vrchlik chodby byl
vyplnén zasypem zpevnénym.

Uzavrena ¢ast usti pfedstavovala vyzmahéni 25 bm nezpevnéné-
ho zasypu, 15 m® zpevnéného zéasypu a demolici uzaviraci Zelezo-
betonové zdi. V tseku 2—-8 m za tstim Stoly byly pfi likvidacnich
pracich odstranény paznice z vibrolitého Zelezobetonu a zdsypovy
materidl (ktery byl do Stoly pfi likvidaci dila sypan ze svahu nad
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Obr. 4 Naklada¢ Epiroc pred §tolou Novy Hackelberg
Fig. 4 Epiroc loader in front of Novy Hackelberg adit
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Obr. 3 Zahdjeni otvirkovych praci na iisti Uvodni tipadnice
Fig. 3 Start of opening works on the entrance of the Initial inclined drift

As the work progressed, it became problematic to break the
compacted backfill with a hydraulic hammer carried on the
undercutor arm of a New Holland excavator. The solution was to
deploy expansive breaking using GBT (Green Breake Technoloy
Cartridge) expanders. This had a positive effect on labour
productivity. This was also reflected in the delivery of an Epiroc
ST2D wheeled mining loader with a bucket capacity of 2m?, which
was included in the process at the final stage of the opening work.

Separate blowing ventilation system was provided by an APXE
630 mine fan equipped with silencers and spirotubes (produced
by winding steel tape in a fully enclosed spiral with a tight metal
connection) at a total length of 180m. A total of approx. 4,000m?
of unconsolidated material and approx. 250m? of solidified backfill
were removed from the sinkhole tube. The area to the east of the
entrance of the inclined drift was designated as a temporary storage
area. The reinforced concrete prefabricated elements of the service
passage were left in place.

Opening work on the Novy Hackelberk adit

The Novy Hackelberk adit is the main mine working opening the
Zlaté Hory-West deposit for full trackless mechanisation. It was
excavated in 1955 and then expanded to its current profile of 10.5m?
in 1985. The excavation support is provided by steel arches with Im
long reinforced concrete tubes. In accordance with the liquidation
plan (Phase IV), the entrance of the adit was closed at stationing
of 25m with a reinforced concrete closure wall. The portal built
using granite blocks laid in concrete was left as a reminder of the
former mining (Fig. 4). In 2010 this initial section was backfilled
with uncompacted backfill and the top of the passage was filled
with compacted backfill.

The closed part of the entrance consisted of the removal of
25rm of uncompacted backfill, 15m? of compacted backfill and the
demolition of the closing reinforced concrete wall. In the section
2-8m beyond the entrance of the adit, the vibrocast reinforced
concrete casing and backfill material (which had been dumped into
the adit from the slope above the adit during the liquidation) were
removed during the liquidation works. The entire section had to be
vacated, support elements installed and the resulting depression on
the surface refilled with backfill material. Compacted backfill was
used to be dumped the material directly onto the support elements,
and uncompacted backfill was used after the excavation support
was covered. Due to the lack of connection to a power source, with
the nearest low-voltage power line approximately 1km away from
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Stolou). Tento usek bylo tfeba cely uvolnit, provést zabudovani vy-
ztuze a vzniklou depresi na povrchu znovu vyplnit zisypovym ma-
teridlem. Pro dosyp pfimo na vyztuz byl pouzit zpevnény zasyp, po
prekryti vyztuze pak nezpevnény. Z diivodu neexistujiciho pfipoje-
ni ke zdroji elektrické energie, kdy nejblizsi vedeni nizkého napéti
je vzdaleno cca 1 km od usti $toly, bylo pro zajisténi pohonu sepa-
ratniho vétrani dvodniho dseku Stoly pouzito dillniho ventilatoru
VPAK-3-630 s kombinovanym pohonem stlacenym vzduchem,
resp. elektrickou energii doplnéného spirolutnami. Pro pohon ven-
tilatoru byl pouzit kompresor Skoda na ndkladnim vozikovém pod-
vozku. Nasazenim prepravnikového nakladace Epiroc ST2D bylo
dosazeno rychlého postupu otvirkovych praci. Po ukonceni odebi-
rani zasypu byla Zelezobetonova uzaviraci zed rozrusena pomoci
expandérit GBT. Material z otvirky dolu byl pfevezen nidkladnim
automobilem na urené lozné misto pred Uvodni dpadnici 2401.
Posledni fazi otvirky bylo rozpojeni uzaviraci Zelezobetonové zdi,
¢imZ doslo k vyraznému navySeni Cerstvych vétrii prochazejicich
dolem.

Pro obnoveni hornické cinnosti bylo
v prvni fadé nutné zajistit dostatecné vét-
rani pro pohyb osob a techniky. Méfenim
hodnot pfirozeného vétrani bylo prokaza-
no dostate¢né mnozstvi cerstvych vétrti po
vétsinu roku. Vlivem rozdilu teplot v dole
a na povrchu dochdzi v pravidelnych putl-
ro¢nich intervalech ke zméndm sméru vé-
trniho proudu. Pro obdobi, kdy k tomuto
stiidani dochazi, byla stanovena regulace
pohybu osob a prace stroji se spalovacim
motorem v dole. Nepretrzité sledovani
rychlosti vétrii v dole je zajisténo konti-
nudlnim prenosem dat z meteostanice
MaxiMet GMX500 Compact Weather Sta-
tion na dispecink dolu Zlaté Hory.

Po vystavbé kioskové trafostanice
22 kV/6 kV na povrchu byla do podzemi
dolu pres povrchovy styka¢ ROK Q6 pii-
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the entrance of the adit, a mine fan VPAK-3-630 with a combined
drive by compressed air or electric energy supplemented by
spirotubes was used to ensure the driving of the separate ventilation
of the initial section of the adit. A Skoda compressor on a truck
chassis was used to drive the fan. The deployment of an Epiroc
ST2D transport loader was used to achieve rapid progress of the
blasting operations. After the backfill removal was completed,
the reinforced concrete closing wall was broken up using GBT
expanders. The material from the mine opening was transported
by truck to a designated storage area in front of the Initial Inclined
drift 2401.

In order to resume mining activities, it was first of all necessary
to ensure sufficient ventilation for the movement of people and
equipment. Measurements of natural ventilation values showed
sufficient fresh air for the majority of the year. Due to the
temperature difference between the mine and the surface, the air
flow direction changes at regular semi-annual intervals. For the

vedena elektricka energie. Vysokonapéto-
vy rozvod je v dole transformovén tfemi
dilnimi  plynotésnymi transformatory
6 kV/500 V. Pro rozvod a transformovani
elektrické energie bylo vyuZito zafizeni
z likvidovaného hlubinného uhelného dolu
Darkov, ktery byl vcetné dalSich utlumo-
vanych doll na Karvinsku pfeveden pod
statni podnik DIAMO v roce 2020. Bylo
proto nutné pouzit hydraulicky generator
pro pohon vrtaci jadrové vrtacky pro na-
péti 500 V, jelikoz pravé toto napéti bylo
pouzivano na dolech patficich do koncernu
OKD (Ostravsko-karvinské doly). DalSimi
dilnimi trafostanicemi pak je dosaZeno
napéti 230 V pro osvétleni dolu a praci
s ruénim nafadim. Pro prace na mistech
vzdalenych od pfipojky elektrické energie
je vyuzivan generator Kohler o vykonu
17 kW na vozikovém podvozku.

Pro bezpecny pohyb pracovniki a strojit
byly provadény upravy pocvy vcetné tprav
struzky pro svedeni diillnich vod. Po¢vabyla
vyrovnavana dosypem drceného kame-
niva frakce 32-63, rozhrnutim a strojnim

water)

Obr. 5 Chodba 3205 (iiroveii 3. patra dolu) pred zahdjenim praci (édstecné zaplavena diilnimi vodami)
Fig. 5 Gallery 3205 (3™ level of the mine) before commencement of works (partially flooded by mine

Obr. 6 Chodba 3205 v priibéhu praci
Fig. 6 Gallery 3205 during the work operations




Obr. 7 Podpérnd dievénd vyztuz zbudovand v misté zatlaceni ocelové obloukové vyztuZe
Fig. 7 Timber support of excavation erected in the location of steel arch support pressing into ground

hutnénim (obr. 5 a 6). V mistech s dilni drazkou byly kolejnice
sneseny, nebo v pripadech zna¢ného obsypani téZenym materidlem
presypany. Vzniklé nerovnosti byly vyrovnavany priabézné. Pro do-
pravu byl pouZivan dilni pfepravnikovy naklada¢ Epiroc ST 2D,
pro uklddani pak manipulator Manitou MT 420, ptipadné smykovy
Celni naklada¢ UNC 060. Doprava osob byla zajistovana osobnimi
terénnimi automobily pick-up. Hloubeni a Cisténi struzky je reali-
zovano minirypadlem Hitachi ZX 10U — 6.

PoruSend vyztuz byla nahrazovdna novou, piipadné byly jed-
notlivé segmenty doplnény. V dole Zlaté Hory je pouzita prevaz-
né ocelova dilni vyztuz obloukovd, lichobéznikova, obdélnikova
a vyztuZ svornikova. Cetné tseky jsou ponechiny zcela bez vy-
ztuze.

Zajisténi chodby 3137

V misté zatlaceni ocelové obloukové vyztuZe na chodbé 3. patra
CH 3137 zptisobeného horninovym tlakem bobtnavého jilu v tek-
tonické poruse bylo pfistoupeno k opravé a doplnéni prvkd vy-
ztuze. VySka nadloZi zde ¢ini vice nez 400 m. Ocelova obloukova
vyztuZ s krokem 1 m byla ve vrchliku stla¢ena, ¢imzZ se jeji svétla
vySka zmenSila z pivodni vySky 3,2 m na 1,9 m. V délce tii ob-
loukd bylo pazeni stropu zcela vytlaceno a nachdzelo se na poc-
vé chodby, presypané horninovym materidlem do vyse cca 1,3 m.
K zajisténi tohoto tseku, kterym bylo v souladu s projektovou do-
kumentaci planovéano vedeni vysokonapétového kabelu, byla povo-
lana Zavodni banska zachrannd stanice Odolov. Prace trvajici Ctyfi
pracovni smény spocivaly v prozatimnim zajiSténi volného stropu,
ocisténi pocvy, vymeéné prozatimni vyztuZe stropu za trvalou, tvo-
fenou ocelovymi union paZnicemi, zaloZeni volného prostoru nad
vyztuzi a podepfeni celého tseku dfevénymi stojkami (kulatinou
200-250 mm) s podvlakem stfedem chodby, tedy v nejvyssim bodé
oblouki vyztuze (obr. 7). Stav dfevéné vyztuze a jeji pripadné de-
formace jsou naddle monitorovany pravidelnymi kontrolami.

ZAVER A ZHODNOCENI OBNOVY DILCI CASTI DOLU
ZLATE HORY

Po dokonceni praci na obnové dilnich chodeb (vice nez 5 km)
byl v bfeznu 2022 zahdjen vycvik vrtné osadky jadrové vrtaci sou-
pravy Epiroc Diamec Smart 4 v podzemi, v okrajové casti lozZiska.
MEéI za tkol seznamit osddku s novou vrtnou soupravou a s geologii
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periods when this alternation occurs,
the regulation has been based on the
movement of persons and the operation
of internal combustion machinery in the
mine. Continuous monitoring of air flow
rate in the mine is ensured by continuous
data transmission from the MaxiMet
GMX500 Compact Weather Station to the
Zlaté Hory mine control room.

After the completion of construction of
the 22k V/6kV kiosk transformer substation
on the surface, power was brought into
the underground via the ROK Q6 surface
contactor. The high-voltage distribution is
transformed in the mine by three gas-tight
6kV/500V mine transformers. For the
distribution and transformation of electric
power, equipment from the liquidated
deep coal mine Darkov, which was
transferred to the state enterprise DIAMO
in 2020, including other mines in the
Karvind region, was used. It was therefore
necessary to use a hydraulic generator to drive the core drillling
rig for a voltage of 500V, as this was the voltage used in the mines
belonging to the OKD Group (Ostrava-Karvind mines). Other mine
transformers then provide 230V for mine lighting and hand tools.
A Kohler generator with an output of 17kW on a trolley chassis is
used for work at locations distant from the electricity supply.

For the safe movement of workers and machines, modifications
were made to the bottom, including modifications to the mine
water collecting open trench. The bottom was levelled by placing,
spreading and mechanically compacted crushed aggregate fraction
32-63, (Figs. 5 and 6). In places with a mine rail track, the rails
were removed or, in the places where they had been considerably
covered with the mined material, the surface was covered with
the backfill material. The resulting unevenness was levelled
continuously. An Epiroc ST 2D mining transport loader was used
for transport and a Manitou MT 420 manipulator or a UNC 060
skid-steer front end loader for storage. Transportation of people
was provided by personal off-road pick-up cars. Dredging and
cleaning of the trench in the bottom is carried out with a Hitachi
ZX 10U — 6 mini excavator.

The damaged support elements were replaced with new ones
or individual segments were added. In the Zlaté Hory mine,
mainly steel excavation support elements — arches, trapezoidal,
rectangular frames, or rock bolts are used. Numerous sections are
left completely unsupported.

Gallery 3137 excavation support

The steel arch support of the corridor on the 3" level of CH 3137
was pressed into ground due to the ground pressure of the swelling
clay in a tectonic fault. The support damaged elements were repaired
and new were supplemented. The overburden here is over 400m high.
The steel arch support, installed in 1m spacing, was compressed
in the top of the arch, reducing its clear height from the original
height of 3.2m to 1.9m. Along the length of three arch spacings,
the roof support was completely pressed out and was located on
the bottom of the corridor, covered over with ground material to
a height of about 1.3m. The Odolov Mine Rescue Station was called
in to secure this section, through which a high-voltage cable was
planned in accordance with the project documentation. The work,
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Obr. 8 Pracovisteé vrtné soupravy
Fig. 8 Drilling rig workplace

loziska, vyzkouSet rizné vrtné korunky, oveéfit rychlost vrtani
v rdmci riznych rezimi (dovrchné/subhorizontalné/ipadné) a za-
cvicit obsluhu stroje také v pouzivani inklinometru norské spolec-
nosti Devico. Bylo odvrtidno pét vrtii s celkovou délkou 295,23 m.
V kvétnu 2022 byla vrtnd souprava presunuta na pozici do cent-
ralni Casti loziska a byla zahdjena ,,0stra” faze vrtného prizkumu
(obr. 8). Zptistupnéni podzemi v souladu s pfisnymi bezpecnost-
nimi bafiskymi pfedpisy trvalo necely rok, coz je dle autort, pii
zvazeni faktu, Ze dil byl skoro 30 let opustén, skvely vykon.

Dale byly provedeny podptrné prace v souvislosti s pfipravo-
vanym novym vypoctem zasob. Jednalo se naptiklad o mapovani
vydobytych komor pomoci laserového skenovani (LIDAR). Déle je
v béhu verifikace ptivodni inklinometrie historickych vrtl v loZisku
pro stanoveni miry vé€rohodnosti ziskanych informaci pro zpraco-
vani 3D modelu loZiska.

V soucasné dobé je odvrtano vice nez 3 km jadrovych vrti, kte-
ré jsou postupné vyhodnocovany, vzorky analyzovany a informace
zanaSeny do zminéného 3D modelu. Laboratorni ovéreni rozdruZe-
ni rud prokézalo, Ze 1ze modernimi ekologickymi postupy doséh-
nout lep$i vytéZnosti, nezZ tomu bylo v minulosti. Rovnéz vyzkum
nekyanidového zpracovani kolektivniho flotacniho koncentratu ma
velmi slibné vysledky. Nejde nezminit i zacileni vyzkumu na do-
provodné kritické kovy jako jsou napf. galium a germanium, které
zlatohorské polymetalické rudy, vedle zinku, médi, olova a stfibra,
obsahuji v mnoZstvi, jeZ mize kladn& prispét v soucasné neklidné
dobg& pro zajisténi vy$§i surovinové bezpecnosti Ceské republiky,
potazmo Evropské unie.

Nakonec nezbyvéa nez podekovat viem ziucastnénym pracovni-
kim statniho podniku DIAMO a také ¢lenim odbornych spolec-
nosti, ktefi se na navratu geologického prizkumu do lokality Zlaté
Hory podili, a pozdravit je hornickym ,,Zdaf Bih!*

Ing. LADISLAV PASEK, Ph.D., pasek@diamo.cz,
Ing. VLADIMIR VRANKA, vranka@diamo.cz,
DIAMO), s. p.

Recenzoval Reviewed by: Ing. Tomds Ebermann, Ph.D.
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which lasted four working shifts, consisted of temporary securing
the unsupported roof, cleaning the bottom, replacing the temporary
roof support with a permanent one made up of steel union lagging,
creating a free space above the support and supporting the entire
section with wooden props (200-250mm logs) with a underpiece
in the centre of the corridor, i.e. at the highest point of the support
arches (Fig. 7). The condition of the timber support and its possible
deformations are still monitored by regular inspections.

CONCLUSION AND EVALUATION OF THE RESTORATION
OF A PART OF THE ZLATE HORY MINE

Following the completion of the mine galleries restoration work
(over 5km), the training of the Epiroc Diamec Smart 4 core drill
rig crew in the underground, in a marginal part of the deposit,
commenced in March 2022. The purpose was to familiarise the crew
with the new rig and the geology of the deposit, to test different drill
bits, to verify the penetration rate under different modes (dip raise/
sub-horizontal/dip-angle) and to train the machine operator also in
the use of the inclinometer from Norwegian company Devico. Five
holes were drilled with a total length of 295.23m. In May 2022, the
drilling rig was moved into position in the central part of the deposit
and the practical phase of the drilling survey commenced (Fig. 8).
It took less than a year to obtaining the access permission for the
underground in accordance with strict mining safety regulations,
which the authors believe is an excellent performance considering
the fact that the mine had been abandoned for almost 30 years.

In addition, supporting activities were conducted in connection
with the forthcoming new stock calculation. This included map-
ping of the excavated chambers using laser scanning (LIDAR). In
addition, verification of the original inclinometry of the historic
boreholes in the deposit is underway to determine the level of
confidence in the information obtained for the development of the
3D deposit model.

Currently, drilling for more than 3km of core holes has been
finished and they are gradually being evaluated, the samples are
analysed and the information is fed into the 3D model. Laboratory
verification of the ore separation has shown that better yield can
be achieved with modern environmental practices than in the past.
Research into the non-cyanide processing of the collective flotation
concentrate has also shown very promising results. It is also worth
mentioning that the focus of the research on the accompanying
critical polymetalic ores and metals such as gallium and
germanium, which, in addition to zinc, copper, lead and silver, Zlaté
Hory contain in quantities that can make a positive contribution
in the current turbulent times to ensuring greater raw material
safety for the Czech Republic and, by extension, the European
Union.

Finally, we can only thank all the participating employees of
the state enterprise DIAMO and the members of the professional
societies involved in the return of geological exploration to the
Zlaté Hory site and greet them with a mining “Godspeed!”

Ing. LADISLAV PASEK, Ph.D., pasek@diamo.cz,
Ing. VLADIMIR VRANKA, vranka@diamo.cz,
DIAMO), s. e.

[1] Archiv DIAMO, s. p., Pldn likvidace dolu a povrchu I. II. a IV etapa, 1990-1993.
[2] Archiv DIAMO, s. p., autorsky kolektiv, koordinator Oldfich Zelinger, Rudné Doly Jesenik 1958—1998, vnitrozdvodni publikace,

1998.
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REKONFIGURACE DOLU ROZNA1
RECONFIGURATION OF THE MINE ROZNA |

PAVEL VINKLER

ABSTRAKT

Jednou z hlavnich podminek uzavreni nové Smlouvy o spoluprdci pri provozu Podzemniho vyzkumného pracovisté Bukov (PVP Bukov)
mezi stdtnim podnikem DIAMO a Sprdvou iiloZist radioaktivnich odpadii (SURAO) z Cervna 2020 bylo dlouhodobé sniZeni provoznich
ndkladii Dolu RoZnd I realizaci rekonfigurace dolu. Jednd se o soubor technickych opatreni a viprav na stdvajici infrastrukture a provoz-
nich cdstech dolu tak, aby v co nejkratsi dobé byl prdvé provoz dolu veden jen v nejnutnéjsim rozsahu pro funkcni provoz PVP Bukov, a to
bez vSech zbytecnych soucdsti. Vyslednym efektem rekonfigurace byla optimalizace provozu obsluzné infrastruktury PVP Bukov a celkové
sniZeni ndkladu poskytovanych sluZeb.

ABSTRACT

One of the main conditions for the conclusion of a new Contract for Cooperation in the Operation of the Bukov Underground Research
Facility (Bukov URF) between DIAMO, state-owned enterprise, and the Radioactive Waste Repository Authority (RWRA) (Sprdava UloZist
Radioaktivnich Odpadii — SURAO), concluded in June 2020, was the long-term reduction of the operating costs of the Mine Rond I
by carrying out the reconfiguration of the mine. This is a set of technical measures and modifications to the existing infrastructure and
operational parts of the mine so that in the shortest possible time, the operation of the mine is conducted only to the extent necessary
for the functional operation of the Bukov URF, without all unnecessary components. The resulting effect of the reconfiguration was the

optimisation of the operation of the Bukov URFservice infrastructure and the reduction of the overall cost of the services provided.

1. UvoD

Na Dole Rozna I, zivodu GEAM Dolni Rozinka, statniho pod-
niku DIAMO, probihala od roku 1957 az do prosince 2016 otvir-
ka, pfiprava a dobyvani uranové rudy v rdmci povolené hornické
¢innosti. Po ukonceni tézby byl tento dil, na zdkladé Smlouvy
o poskytovani sluzeb mezi DIAMO a Spravou ulozist radioaktiv-
nich odpadl uzaviené v lednu 2017, provozovan v tzv. ,,suché va-
rianté*, ve ¢tyfdennim pracovnim tydnu v jednosménném rezimu.
V této varianté byl zptistupnén po 24. patro 6 jamami s 11 téZnimi
a dopravnimi zafizenimi. Dllni vody byly z podzemi Cerpény tre-
mi kaskadnimi systémy na jaimach z 24. patra na povrch 11 hlav-
nimi Cerpacimi stanicemi. UdrZovano bylo celkem 20 km ddlnich
chodeb a v podzemi bylo v provozu celkem 18 trafostanic. Rozsah
dolu je patrny z obr. 1. Provozem dolu v suché varianté bylo mozné
realizovat experimentdlni programy SURAO pod trovni 12. pat-
ra, zejména ziskani dat z hlubokych horizontt, hydrogeologicky
monitoring a monitoring kfehkych struktur, které byly ukonceny
v roce 2020. V Cervnu roku 2020 byla mezi stitnim podnikem
DIAMO a SURAO uzaviena novi dlouhodoba Smlouva o spolu-
préci pii provozu PVP Bukov, ktera stanovila pravidla spoluprace
a podminky poskytovani sluzeb ze strany DIAMO pro SURAO
celkem ve Ctyfech oblastech:

e priprava na dlouhodoby provoz PVP Bukov (rekonfigurace

dolu);

* vystavba — Rozsifeni II. etapy PVP Bukov;

e zajisténi dlouhodobé provozuschopnosti a bézné udrzby PVP

Bukov a souvisejicich ¢asti;

¢ technicka podpora pfi realizaci experimentl a vyzkumné ¢in-

nosti SURAO.

V soucasné dobé, po ukonceni rekonfigurace v prosinci roku
2022, je Dal Rozna I provozovén v tzv. ,mokré varianté, kdy
podzemi dolu je zpfistupnéno Ctyfmi jamami B1, B2, R6 a R1.

Od konce biezna 2021 probihd fizené zatapéni dolu po uroveni

1. INTRODUCTION

At the Mine RozZna I, the GEAM Dolni Rozinka branch of
DIAMO, state enterprise, the mine opening, preparation and
extraction of uranium ore continued from 1957 until December
2016 within the framework of permitted mining activities. After
the end of mining, this mine was operated in the so-called ,,dry
variant®, in a four-day working week in a single-shift mode, on the
basis of the Service Contract between DIAMO and the Radioactive
Waste Repository Authority concluded in January 2017. In this
variant, it was accessible up to the 24™ level through 6 shafts with
11 mining and transportation facilities. Mine water was pumped
from underground by three cascade systems in the shafts from
the 24™ mining level to the surface by 11 main pumping stations.
A total of 20km of mine galleries were maintained and a total of 18
electricity substations were in operation underground. The extent
of the mine can be seen in Fig. 1. By operating the mine in the dry
variant, it was possible to implement Radioactive Waste Repository
Authority’s experimental programmes below the 12 mining level,
in particular data acquisition from deep horizons, hydrogeological
monitoring and monitoring of brittle structures, which were ended
in 2020. In June 2020, a new long-term Contract for Cooperation in
the Operation of the Bukov URF was concluded between DIAMO,
state enterprise, and the Radioactive Waste Repository Authority,
which established the rules of cooperation and conditions for the
provision of services by DIAMO in a total of four areas:

* preparation for long-term operation of the Bukov URF

(reconfiguration of the mine);

* construction — Extension of stage II of the Bukov URF;

e ensuring the long- term operability and routine maintenance of
the Bukov URF and related parts;

* technical support for the implementation of experiments
and research activities of the Radioactive Waste Repository
Authority.

Currently, after the completion of the reconfiguration in

December 2022, the Mine Rozna I is operated in the so-called
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Obr. 1 Schéma Dolu RoZnd I s vyznacenim provozované cdsti dolu
Fig. 1 RoZnd mine I diagram with the operating part of the mine marked on it

13. patra a veSkeré experimenty a vyzkumna ¢innost SURAO jsou
soustfedény po uroven 12. patra (obr. 1).

2. REKONFIGURACE DOLU

Zasadnim cilem rekonfigurace bylo zatopeni dolu v trovnich
13.-24. patra s vychozim (pivodnim) predpokladem zahdjeni za-
tapéni k 1. 1. 2021. Na néj byly navazany zmény v rezimu jak od-
vodnéni dolu, tak jeho vétrani, a také provozu, kdy dojde k odd¢-
leni severni ¢ésti dolu obsluhovaného jamou R3 a jejiho vyrazeni
z provozu. Naplnénim ciléi rekonfigurace bylo zmenseni rozsahu
provozovaného Dolu Roznd I tim, Ze pfestanou byt udrZoviny
jeho spodni horizonty pod trovni 13. patra [1]. S jejich ddrzbou
bylo spojeno i jejich vétrani a odvodnéni. Od toho se odviji ispora
provoznich nékladt, které souviseji s provozem hlavnich Cerpa-
cich stanic (HCS) na 6. a 12. patie jamy R3 a 18. a 24. pati'e jam
R7S a R3, provoz téZnich a dopravnich zafizeni (TZ, DZ) na obou
jamach a vétrani spodnich horizonti Cerstvymi vétry [1]. K reali-
zaci dil¢ich praci v ramci rekonfigurace dolu byly v pfedstihu
zpracovany jak projektové dokumentace pro provadéni stavby, tak
dokumentace k Zadostem dozorujicim orgdniim (Statni banskou
spravou, Stavebnim ufadem MPO, Statnim tGfadem pro jadernou
bezpeénost (SUIB) a Krajskym diadem Kraje Vysocina) tykajici
se zmény planu otvirky, pfipravy a dobyvani (POPD), zatopeni
dolu po 13. patro, povoleni diilnich staveb, zmény odvodnéni dolu
a Cerpani dilnich vod. Ve smyslu projektovych dokumentaci pro
provadéni stavby, povoleni a rozhodnuti od dozorujicich organt
byly pred zahdjenim praci vyhotoveny technologické a pracovni
postupy. Budouci rozsah rekonfigurace dolu byl v ramci prfipra-
vované Smlouvy o spolupraci pfi provozu PVP Bukov nezévisle

“wet variant”, where the underground of the mine is accessed
through four shafts B1, B2, R6 and R1. Since the end of March
2021, controlled mine flooding up to the 13™ mining level has
been in progress and all experiments and research activities of the
Radioactive Waste Repository Authority are concentrated up to the
12" mine level (see Fig. 1).

2. MINE RECONFIGURATION

The main objective of the reconfiguration was the flooding of
the mine on levels 13-24 with the initial (original) assumption
that flooding would start on 1 January 2021. This was followed by
changes in the mine dewatering and ventilation regimes, as well
as its operation, with the separation and decommissioning of the
northern part of the mine served by shaft R3. The objectives of the
reconfiguration were met by reducing the extent of the operating
Mine RoZnd I and ceasing to maintain its lower horizons below
the 13 mining level [1]. Their ventilation and drainage was
also connected with their maintenance. This operation results
in operational cost savings related to the operation of the main
pumping stations (MPSs) on the 6" and 12" mining levels of the
R3 shaft and the 18" and 24" levels of the R7S and R3 shafts, the
operation of the winding and transportation equipment (WE, TE)
on both shafts, and the ventilation of the lower horizons by fresh
air [1]. For the implementation of the partial work items within
the mine reconfiguration, design documentation was prepared
in advance both for the implementation of the construction and
for applications to the supervisory authorities (Czech Mining
Authority, Construction Authority of the Ministry of Industry
and Trade, State Office for Nuclear Safety, and Vysocina
Regional Authority) concerning the change in the Mine Opening,




posuzovan dvéma organizacemi: Institutem primyslového mana-
gementu, spol. s r.o., a Technickou Universitou, fakultou BERG
v Kosicich [2, 3]. Podminky realizace rekonfigurace dolu, Casovy
harmonogram a ¢erpani nikladii byly zapracovany do vysledného
projektu, ktery je pfilohou Smlouvy o spolupraci pti provozu PVP
Bukov. Rekonfigurace dolu dle smluvnich podminek probihala
v tiisménném reZimu v obdobi od 1. 7. 2020 do 31. 12. 2022 a za-
hrnovala niZe uvedené ¢innosti:

 ukonceni provozu jam R3 a R7S pfed zahajenim zatdpéni;

 rekonstrukce trafostanice (TR) 12.1 B1;

¢ sledovani stoupani hladiny podzemni vody;

e zména odvodnéni dolu a fidictho systému Cerpant;

* zména vyloZeni, tedy zména plivodni dojezdové dopravni

hloubky dopravnich zafizeni v jamé R6;

o aste¢nd rekonstrukce HCS a TR na 12. patie jamy R1;

* ohfev taznych vétri a iprava Sachetni budovy jamy B1.

Do rozsahu rekonfigurace dolu byla zahrnuta i instalace frek-
ven¢éniho ménice na hlavni vétraci stanici (HVS) a uprava tech-
nologie dekontaminac¢nich stanic. Tyto ¢innosti byly po dohodé
se SURAO odsunuty na obdobi, kdy bude hladina déilni vody
dosahovat nad uroven 16. patra slepé jamy R7S, které je prvnim
rozfaranym patrem na této jame s napojenim na vétrni sit dolu.
Tato situace umoZni provést hloubkovy stratifikacni (tzn. v riz-
nych hloubkéch) odbér dilnich vod ke stanoveni tprav techno-
logie na dekontaminac¢nich stanicich a soucasné bude provedena
vétrni rozvaha dolu s jiZz nainstalovanym frekvenénim ménicem
na HVS R6. Dle dosavadniho vyvoje zatapéni hladina dilni vody
nastoupd nad uroven 16. patra slepé jamy R7S v obdobi kvétna az
cervna 2024.

2.1 Ukonceni provozu na jam
zahajenim zatapéni

Zakladnim predpokladem k umoZnéni zatapéni dolu bylo ukon-
¢eni provozu na jamach R3 a R7S, které byly vyhloubeny po tdro-
ven 24. patra a provedeni zmény vylozeni dopravniho zafizeni
na jamé R6, které je zminéno v podkapitole 2.5. Byvala téZebni
jama R3 po ukonceni téZby slouZzila pfedevsim k Cerpani délnich
vod (hlavni Cerpaci misto) a jako ustupova cesta z dilniho pole
jam R3 a R7S. Byla osazena téZnim zafizenim s tfecim kotoucem
2K 6008 a havarijnim dopravnim zafizenim 1B 3212. Jama byla
vyhloubena z povrchu na celkovou hloubku 1 200,7 m o svétlém
profilu 20,4 m?. Slepa jama R7S byvala hlavni téZebni a dopravni
jamou dtlniho pole jamy R7S, slouzila jako tstupova cesta z dolu
a k Cerpani dulnich vod z dilniho pole této jamy. Jama R7S byla
osazena téZnim zafizenim 2B3216 2M/1 a havarijnim doprav-
nim zafizenim 1B 2014 se svislym Zebiikem a byla vyhloubena
z 12. patra po 24. patro o svétlém profilu 20,4 m?, v dil¢i hloubce
660 m. Na obou jamach byly od zacatku rekonfigurace provade-
ny demontaze strojnich a elektro zarizeni s ponechanim zarizeni
v minimalnim rozsahu pro zajisténi ¢erpani dilnich vod. Po nabyti
pravni moci Rozhodnuti SBS ke zméné planu OPD pro zatope-
ni dolu po 13. patro, povoleni dulnich staveb a vydani povole-
ni SUJB ke zmé&n& podphrné Cinnosti v rdmci povolené hornické
¢innosti, byly postupné a koordinované dillni pole jam R3 a R7S
odpojovany od privodu elektrické energie. Postupné byl té€Z ukon-
¢ovéan provoz trafostanic a hlavnich Cerpacich stanic. Na vSech
ndraziStich obou jam byly provedeny otvory v izola¢nich hrazich
(izoluji nepouzivanou Cast dolu od provozovanych didlnich dél)
pro rovnomérné zatapéni v celém rozsahu podzemnich prostor. Na
jamé€ R7S bylo téZni zafizeni 2B3216 2M/1 pievedeno do reZimu

ach R3 a R7S pred
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Preparation and the Mining Plan (MOPMP), flooding of the mine
up to the 13™ mining level, permitting of mining structures, change
in mine drainage and pumping of mine water. Technology and
work procedures were developed in the meaning of the detailed
design, the permits and decisions from the supervising authorities
prior to the commencement of the work. The conditions for the
implementation of the mine reconfiguration, time schedule and
drawing of costs were incorporated into the resulting design, which
is an annex to the Contract for Cooperation in the Operation of the
Bukov URF. The reconfiguration of the mine under the terms of the
contract was carried out on a three-shift basis from 1 July 2020 to
31 December 2022 and included the activities listed below:

* termination of operations of shafts R3 and R7S before the start

of flooding;

e reconstruction of electricity substation (ES)12.1 B1;

* monitoring of water table rise;

* change in mine dewatering and pumping control systems;

* change in unloading, i.e. change in the original lifting depth of

the transport equipment in shaft R6;

e partial reconstruction of the Main Pumping Station and ES at

the 15" mining level of pit B1;

* heating of intake air and modification of the shaft building of

shaft B1.

The installation of a frequency converter in the Main Ventilation
Station (MVS) and modification of the decontamination
station technology were included into the scope of the mine
reconfiguration. These activities have been postponed in agreement
with the Radioactive Waste Repository Authority to the period
when the mine water table rises above the 16" level of the blind
shaft R7S, which is the first level of this shaft with a connection
to the ventilation network of the mine which was developed. This
situation will allow a depth stratification (i.e. at different depths)
sampling of mine water to determine the technology adjustments
at the decontamination stations and, at the same time, the
ventilation balance of the mine will be provided with the already
installed frequency converter at MVS R6. According to the current
development of flooding, the mine water table will rise above the
16™ level of the blind shaft R7S in the period from May to June
2024.

2.1 Termination of operations of shaftshafts R3 and R7S
before the start of flooding

The basic prerequisite for allowing the mine flooding was
the termination of operations in shafts R3 and R7S, which were
sunk down to 24" level, and the change in the lifting depth of
the transportation equipment in shaft R6, which is mentioned
in subsection 2.5. The former mining shaft R3 was mainly used
for pumping mine water (main pumping point) and as a retreat
route from the mining field formed by shafts R3 and R7S. It was
equipped with winding equipment with the 2K 6008 friction disc
and the 1B 3212 emergency transport device. The shaft was sunk
from the surface to a total depth of 1,200.7m with a clearance
profile of 20.4m?. The R7S blind shaft used to be the main mining
and transportation shaft of the R7S mining field, it served as
a retreat route from the mine and for pumping mine water from
the mining field. Shaft R7S was equipped with winding equipment
2B3216 2M/1 and emergency transport equipment 1B 2014 with
a vertical ladder and was sunk from the 12 level to the 24" level
with a clearance profile of 20.4m? and the partial depth of 660m.
Since the beginning of the reconfiguration, the mechanical and
electrical equipment was dismantled in both shafts, leaving the
equipment to a minimum extent required for ensuring the pumping
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Obr. 2 DemontdZ dopravni nddoby téZniho stroje 2B3216 2M/1 jamy R7S
Fig. 2 Disassembly of the transportation vessel of the hoisting machine
2B3216 2M/I of shaft R7S

dopravniho zafizeni, na kterém se opakované provedla zména vy-
loZeni. Pfed uzavienim jam a ukoncenim provozu TZ a DZ byly
v obou jaméch instalovany hydrostatické sondy pro snimani hla-
din dtlni vody, o kterém je délo pojednano v podkapitole 2.3. Fi-
nalnimi pracemi na jamach R3 a R7S bylo vybudovani izolacnich
povali k zamezeni zkratli ve vétrni siti. Po vypnuti hlavnich Cerpa-
cich stanic a ukonceni provozu jam R3 a R7S bylo dne 29. 3. 2021
zahéjeno fizené zatapéni Dolu RoZna I (obr. 2).

Mezi nejnaro¢néjsi prace na jamé R3 bylo odstaveni z provo-
zu t&€Zniho zafizeni 2K 6008 s tfecim kotou¢em, na némz byla na
dvou téZnich (kulatych) lanech o priméru 53 mm zavéSena skipo-
va nadoba a protizavazi. Soucasné skipova nadoba a protizavazi
byly propojeny dvéma vyrovndvacimi (plochymi) lany. Celkova
hmotnost vSech zafizeni zavéSenych na lanech byla 105 t. Demon-
tdZni prace probihaly v tfisménném reZimu a byly rozdéleny do
jednotlivych etap. V prvni etapé byla skipova nadoba usazena na
24. patfe na ocelové nosniky s profilem I 300 poloZené pies zaty-
né (Cast profilu jamy, v niZ se pohybuje t€Zni niddoba) na pocvu
narazist¢ a soucasné bylo uloZeno protizdvazi na obdobné profily
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Obr. 3 Skipovd nddoba uloZend na profily I 300 na 24. patie jaimy R3
Fig. 3 Skip vessel placed on I 300 profiles on the 24" level of shaft R3

of mine water. Following the entry into force of the State Mining
Authority” s Decision to amend the OPM plan to flood the mine
up to the 13™ level, the permitting of the mine structures and the
issuance of the supervising bodies” permit to change the support
activity within the permitted mining activity, the R3 and R7S
shafts were gradually and in a coordinated manner disconnected
from the power supply. The operation of electricity substations and
main pumping stations s also gradually terminated. Holes in
the isolation dikes (isolating the unused part of the mine from the
operating mine workings) were made on all landings of both shafts
for uniform flooding in the entire extent of the underground spaces.
On shaft R7S, the 2B3216 2M/1 winding plant was converted to
transport equipment mode and the lifting depth was repeatedly
changed. Prior to the closure of the shafts and the termination of
operation of the WE and TE, hydrostatic probes were installed in
both shafts to sense the mine water table, as discussed in subsection
2.3. The final work on shafts R3 and R7S lay in the construction
of isolation bulkheads to prevent short circuits in the ventilation
network. After the shutdown of the main pumping stations and




na ohlubni jamy R3. Ve druhé etapé byla dvojice téznich lan za-
fixovana k tfecimu kotouci té€Zniho stroje deviti pfitlacnymi tfme-
ny. Pak nasledovalo zajiSténi a fixace té€Znich a vyrovnavacich lan
v usecich po 100 m v celé hloubce jamy R3 k t€lu ocelového vede-
ni protizdvaZzi, aby se zamezilo neZddoucimu rozkmitu pii stfihdni
lan. Tteti etapa, vlastni krdceni — stfihdni t€Znich a vyrovnavacich
lan byla co do objemu préce nejrozsahlejsi. Pfed zahajenim krace-
ni byla tézni lana uvolnéna ze zavést skipové nadoby s vyuzitim
tazné sily tfectho kotouce té€Zniho stroje. Vyrovnavaci lana byla
uvolnéna stfihem v misté ohybu lan pod skipovou nddobou, pod
urovni 24. patra. Lana byla kracena soucasn¢ z diivodi zachovani
rovnovazného stavu z nejnizsiho 24. patra smérem nahoru s vy-
uzitim dopravni nddoby havarijniho dopravniho zafizeni (HDZ)
1B 32312, kdy v horni etdZi této nadoby byla umisténa elektrocen-
trala k zajiSténi pohonu hydraulické stfihacky lan a ostatniho na-
fadi pouZitého pii stfihani lan. Jednotlivd lana byla postupné vta-
hovana do spodni etdze HDZ 1B 3212 a déle podlahou ve spodni
etazi vypousténa v délce asi 15 m pod dopravni nadobu. Zde byla
kazda vtaZend Cast lana dikladn€ ukotvena a nasledné oddélena
hydraulickou stfihackou lan. Plocha lana byla kracena pomoci
uhlové brusky. Odfiznuté kusy lan byly nasledné vyvéazeny a od-
loZeny na nejblizsi patro. Stfihani lan bylo ve 100 m pod ohlubni
preruseno z divodu zafixovani t€Znich lan k vratku EV 2,5 tak,
aby nemohlo dojit k nezddoucimu pohybu smérem do téZni véze.
Po zajisténi byla demontdz lan dokoncena aZ k ohlubni. Ve ¢tvrté
a posledni etapé byla vytazena a odloZena téZni lana v useku mezi
ohlubni a strojovnou TZ 2K 6008 (obr. 3).

2.2 Rekonstrukce trafostanice TR 12.1 u jamy B1

Jedna z prvnich ¢innosti, ktera byla provadéna v ramci rekonfi-
gurace dolu, byla rekonstrukce trafostanice TR 12.1 u jamy B1, ze
které je napdjena Cerpaci kaskdda dilnich vod jamy B1 a soucas-
né PVP Bukov u jamy B1. Pfedmétem rekonstrukce byl stavajici
stary vysokonapétovy (VN) rozvadéc, sestaveny z deseti poli [4].

Vyména VN rozvadéca probihala ve Ctyfech etapach tak, aby
byl zachovéan provoz minimalné dvou cerpadel v Cerpaci stanici
a soucasné byl zajistén plynuly provoz PVP Bukov. Nejprve bylo
provedeno prepojeni jednoho vyvodu TR 5.1 B1 do pole rezervy
a demontdz prvni ¢asti rozvadéce. Po upravé kabelového kandlu
vznikl montazni prostor, do néhoZ bylo namontovano sedm poli
nového rozvadéce a pripojeny piivodni a vyvodni kabely vcetné
vstupnich a vystupnich signalti do stdvajiciho fidiciho systému
(RS) &erpadel. Po ovéfeni spravné funkce nové instalace bylo
pristoupeno k dalsi etapé rekonstrukce, k demontdZi zbyvajicich
poli starého rozvadéce. Nasledné byla osazena zbyvajici pole no-
vého rozvadéce a bylo provedeno pripojeni silnoproudych i slabo-
proudych kabelovych pfivoda a vyvodl. Po celkovém odzkouseni
funkce a po provedené vychozi elektro revizi nové namontované
sestavy VN rozvadécu byla trafostanice uvedena do trvalého pro-
vozu na zékladé dil¢i kolaudace.

2.3 Sledovani stoupani hladiny podzemni vody
Pro prubézné sledovani stoupani hladiny podzemni/dilni vody
byly v drovni poc¢vy na naraziStich jam R3 a R7S na 24. patfe,
pred jejich opusténim, instalovany hydrostatické snimace hladin
SGE-16 /SPECIAL/0-600MH20/4-20mA/EFTEL/L-600, které
byly zavéSeny na nosnd nerezova lanka o praiméru 5 a 10 mm [7].
Kabely od sondy byly pripevnény pomoci stahovacich paskl po
1 m k nosnému lanku. Z diivodu mechanické ochrany byly kabely
a lanko na jamé R7S umistény do byvalého potrubi na stlateny
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the termination of operation of the R3 and R7S shafts, controlled
flooding of the RoZnd Mine I started on 29 March 2021 (see Fig. 2).

Among the most challenging work operations on shaft R3, there
was the decommissioning of the 2K 6008 winding plant with
friction disc, on which the muck skip and counterweight were
suspended on two 53mm-diameter (round) hoisting cables. At the
same time, the skip and counterweight were interconnected by
two balancing (flat) cables. The total weight of all the equipment
suspended on the cables amounted to 105 tonnes. The dismantling
work was carried out in a three-shift mode and was divided into
individual stages. In the first stage, the skip was placed on the 24"
level on steel beams with the I 300 profile laid over the skipway
(the part of the shaft profile in which the skip moves) on the bottom
of the shaft landing and at the same time the counterweight was
placed on similar profiles on the R3 shaft-bank. In the second
stage, a pair of hoisting cables was fixed to the friction disc of
the winding machine by nine pressure stirrups. This was followed
by securing and fixing the hoisting and balancing ropes in 100m
long sections throughout the depth of the R3 shaft to the body of
the counterweight steel guide to prevent unwanted vibration during
cutting of the cables. The third stage, the actual shortening — cutting
of the hoisting and balancing cables — was the most extensive
in terms of the volume of work. Prior to the commencement of
the shortening, the hoisting cables were released from the skip
hinges using the pulling force of the friction disc of the hoisting
machine. The balancing cables were released by shearing at the
bending point of the cables under the skip, below the 24™ level.
The cables were cut at the same time for reasons of maintaining
the equilibrium state from the lowest 24" level upwards, using
the transport vessel of the emergency transport device (ETD) 1B
32312, where an electric power generator was located in the upper
stage of this vessel to ensure the drive of the hydraulic rope cutter
and other equipment used during cable cutting. The individual
cables were gradually pulled into the lower stage of the emergency
hauling equipment EHE 1B 3212 and then discharged through
the floor in the lower stage in a length of about 15m under the
transport vessel. Here, each cable section was thoroughly anchored
and then separated with a hydraulic cable cutter. The flat ropes
were cut using an angle grinder. The cut-off pieces of ropes were
subsequently transported and stored at the nearest mine level. The
cable cutting was interrupted 100m below the shaft bank for the
purpose of fixing the hoisting cables to the EW 2.5 winch so that
unwanted movement towards the shaft tower could not occur. After
securing, the cable dismantling was completed up to the shaft bank.
In the fourth and final stage, the hoisting cables were pulled out
and put away in the section between the shaft bank and the WE 2K
6008 engine room (see Fig. 3).

2.2 Reconstruction of ES 12.1 electricity substation at
B1 shaft

One of the first activities carried out as part of the reconfiguration
of the mine was the reconstruction of the electricity substation ES
12.1 at shaft B1, which supplies the mine water pumping cascade
of shaft B1 and at the same time the Bukov Underground Research
Facility at shaft B1. The subject of the reconstruction was the
existing old high-voltage (HV) switchboard, consisting of ten
panels [4].

The replacement of the HV switchboards was carried out in four
stages so as to maintain the operation of at least two pumps in the
pumping station and at the same time to ensure the continuous
operation of the Bukov URF. First, one ES 5.1 Bl outlet was
reconnected to the reserve panel and the first part of the switchboard
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vzduch, které bylo pfedtim, zejména na narazistich, patficné upra-
veno. Na jamé R3, vzhledem k nevyhovujicimu stavu byvalého
potrubi se stlatenym vzduchem, byly lanko a kabely od hydro-
statického snimace umistény do téla ocelového vedeni protizavazi
a pripevnény stahovacimi pasky. Na ohlubnich jam byly kabely
od méfici sondy vyvedeny do prechodové skiiné a odtud byly
sdélovacim kabelem napojeny na fidici systém. Vystup z fidiciho
systému na ohlubni jamy R7S byl pfes sbérnici profibus propojen
s povrchem jamy B1 a odtud bezdratové s dispe¢inkem na R1. Ob-
dobné byl vystup z fidiciho systému vyveden u jamy R3 a rovnéz
bezdratové napojen na dispecink R1. Pro vlastni fungovani celého
méreni snimani hladiny podzemni vody bylo nutné provést tpravu
softwaru fidiciho automatu a vizualizaci na pocitaci na dispecinku
R1 [5]. Stoupéni hladiny podzemni dilni vody je od konce bfezna
2021 denné sledovano pracovnikem inspekcni sluzby na dispe-
¢inku Dolu RoZnd I se zdpisem do zdznamni knihy dispecinku.
Zpocétku hladina dilni vody stoupala o 1 m denné. V soucasné
dobé je primérné denni stoupani kolem 0,2 m. Z grafu na obr. 4
je patrné, Ze rychlost stoupani je ovlivnéna objemem vylomenych
hornin. Na patte, kde je velky vylom zejména z dobyvacich pra-
ci, rychlost zatapéni klesa. V soucasné dob€ je rychlost zatdpéni
uréitym zplisobem ovlivnéna i depresnim kuzelem, kdy je vlivem
hydrostatického tlaku dilni voda zatlacovana do okolniho masivu.
Predpoklad nastoupani hladiny dalnich vod na troveinl 13. patra je
prosinec 2025.

2.4 Zmeéna odvodnéni dolu a Fidiciho systému cerpani

odvodnéni dolu a systému Cerpani dilnich vod, kterd jako celek
byla realizovdna v obdobi 9/2020-12/2022. Uzavienim jam R3
a R7S bylo vyfazeno z provozu celkem 6 HCS, které zajistova-
ly v automatickém reZimu Cerpani témer 70 % z celkového obje-
mu cerpanych dilnich vod. Pfi projednavani podminek Smlouvy
o spolupraci pfi provozu PVP Bukov a podminek zmény podptirné
hornické ¢innosti tykajici se Cerpani dilnich vod bylo dohodnuto,
Ze po dobu zatapéni dolu po 13. patro zlistane v provozu cerpani
dalnich vod na jaméach R1 a B1 pro zajiSténi minimdlniho pritoku
ve vodnich tocich Nedvédicka a Bukovsky potok. Cerpaci kas-
kady na jamach R1 a B1 bylo nutné zaroven zachovat pro dopl-
novani nadrzi technologické a pozarni vody urcené pro podzemi.

Tuel

was dismantled. After modifying the cable duct, an assembly
area originated in which seven panels of the new switchboard
were installed and the supply and output cables including input
and output signals to the existing pump control system (CS)
were connected. After verifying the correct function of the new
installation, the next stage of the reconstruction proceeded, i.e.
the dismantling of the remaining panels of the old switchboard.
Subsequently, the remaining panels of the new switchboard were
installed and the connection of heavy current and low-current
supply and outlet cables was carried out. After overall testing of the
function and an initial electrical inspection of the newly installed
set of HV switchboards, the electricity substation was put into
permanent operation on the basis of a partial approval.

2.3 Monitoring of water table rising
To continuously monitoring of the mining water table rise,
hydrostatic level sensors SGE-16 /SPECIAL/0-600MH20/4-
20mA/EFTEL/L-600 were installed at the level of the bottom on
the landings of shafts R3 and R7S at the 24™ level, before they
were abandoned, and were suspended from 5 and 10mm diameter
stainless steel support cables [7]. The cables from the probe were
attached to the carrier rope by means of clamping straps at 1m
intervals. For reasons of mechanical protection, the cables and
the small-diameter cable in shaft R7S were placed in the former
compressed air pipeline, which had previously been properly
treated, especially on the shaft landings. In shaft R3, due to the
unsatisfactory condition of the former compressed air piping,
the small-diameter cable and cables from the hydrostatic sensor
were placed in the body of the steel counterweight means of
guidance and secured with clamping straps. At the shaft banks,
the cables from the measuring probe were led to a transition box
and from there they were connected to the control system via a
communication cable. The output from the control system at the
shaft R7S was connected via a profibus bus bar to the surface of
shaft B1 and from there wirelessly to the control centre at R1.
Similarly, the output from the control system was brought out at
shaft R3 and also wirelessly connected to the control centre at R1.
For the actual operation of the entire water table monitoring, it was
necessary to modify the software of the automatic control device
and the visualisation on the computer at the R1 control centre [5].
Since the end of March 2021, the rising of the water table has been
monitored daily by the inspection service at the Roznd Mine I
control centre and recorded in the record book
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in the centre. Initially, the mine water table
was rising at the rate of 1m per day. Currently,
the average daily rise is around 0.2m per day.
From the graph in Fig. 4, it can be seen that
the rate of rising is affected by the volume of
the broken out rock. At the level where there
is a large breakout mainly from mining, the
rate of flooding decreases. At present, the rate
of flooding is also influenced in some way
also by the depression cone, where due to the
hydrostatic pressure the mine water is forced
into the surrounding massif. Mine water table
is expected to rise up to the 13" level by
December 2025.

2.4 Change in the mine drainage
and pumping control system

The most extensive activity of the entire

60 g

mine reconfiguration was the modification of

Obr. 4 Graf rychlosti zatdpéni v zdvislosti na vylomech na jednotlivych patrech
Fig. 4 Graph of the rate of flooding vs. the excavation on individual mine levels

the mine drainage and mine water pumping
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Po ukonceni provozu jam R3 a R7S,
ukonceni Cerpani a vybudovani izo-
lacnich povali na jamach R3 a R7S
bylo od bfezna 2021 pfistoupeno
k realizaci zmény odvodnéni dolu,
ktera se sklada z niZe uvedenych pro-
voznich operaci [6]:

e demontaz 2 ks ptivodniho potru-
bi vytlacného fddu DN200 mezi
jdmou R7S a B1;

e montaz horizontalniho vytlacné-
ho potrubi DN150 mezi jamami
R7S-B1 aR7S-R1 v celkové dél-
ce 3 500 m;

e dpravy HCS na 5. a 12. patie
jamy B1, doplnéni poctu vyso-
kotlakych odstfedivych cerpadel
CDA 350 SIGMA v¢etné arma-
tur s napojenim na fidici systém;

* montéz izola¢niho povalu v jamé
R7S v hloubce 70 m pod ohlub-
ni a demontaz plivodni vystroje
jamy od ohlubné az po pracovni
ploSinu cerpaciho mista;

e montdZ separatniho lutnového
tahu s ventildtorem mezi ohlub-
ni a pracovni ploSinou ¢erpaciho
mista;

e demontaz pivodni vystroje jamy
R7S mezi ohlubni a cerpacim
mistem do 60 m pod ohlubni;

e montaZz nového lezniho oddéleni
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system, which as a whole was
implemented in the period 9/2020-
12/2022. By closing the shafts R3
and R7S, a total of 6 MPS stations,
which provided almost 70% of the
total volume of pumped mine water
in automatic mode, were put out of
operation. During the negotiation of the
terms of the Cooperation Agreement
for the operation of the Bukov URF
and the terms of the change to the
mining support activities concerning
the pumping of mine water, it was
agreed that the pumping of mine water
at shafts R1 and B1 would remain
in operation until the mine flooding
reaches the 13" mine level to ensure
minimum flow in the Nedvédicka and
Bukovsky stream watercourses. The
pumping cascades at shafts R1 and B1
had to be maintained at the same time
for the replenishment of the process
water and fire water tanks intended
for underground use. Following the
putting of the shafts R3 and R7S
out of operation, the termination of
pumping and the construction of
isolation bulkheads in shafts R3 and
R7S, the implementation of the mine
dewatering modification consisting of
the following operations, commenced
#|  in March 2021 [6]:
.o LR e dismantling of 2 pcs of the

z nerezovych profili v jamé R7S Obr. 5 Ohlubeii jamy R7S se zabudovanymi vytlacnymi rdady original DN200  discharge

mezi ohlubni a pracovni ploSi-
nou cerpaciho mista;

e zfizeni Cerpaciho mista v jamé R7S, montaz dvojice nerezo-
vého vytlacného potrubi DN150 se zpétnymi klapkami a 2 ks
ponornych cerpadel LOWARA ZR 10-220, kaZzdé o priitoku
50 1/s, ptikonu 80 kW a vytlaku 120 m;

e tprava konstrukce ohlubné jamy R7S, montdz podlahy na
ohlubni a ocelové konstrukce ke zvedacimu zafizeni (obr. 5)
[6l;

e montaz armatur v ramci regula¢niho uzlu s dvéma rozdélova-
cimi trojcestnymi ventily RV 224 EPM 1123L1 16/40 DN125
s elektrickym pohonem, ¢tyfmi uzaviracimi Soupatky s elek-
tropohonem, dvéma magneticko-indukénimi pratokoméry
Krohne Optiflux 2100C DN 125, ¢tyfmi ru¢nimi uzaviracimi
Soupdtky a propojovacim potrubim DN 125 [6];

* montdz a instalace elektrického lanového kladkostroje ABUS
s elektrickym pojezdem o nosnosti 5 000 kg na ohlubni jamy
R7S pro manipulaci s Cerpadly a vytlacnym potrubim;

e montaz rozvadécu, elektro instalace a skfini s frekvenénimi
ménici pro HCS jamy R7S;

e fidici systém Cerpdni s vyuZitim optické sit€ v podzemi;

 softwarova uprava, vizualizace fizeni Cerpani dilnich vod na
dispe¢inku R1.

Kapacita nového Cerpaciho systému byla naprojektovana na cel-
kovy pfitok do loziska 48 1/s, ktery je stanoven z dlouhodobého
jedenéctiletého priméru. Celkovy pritok do loZiska pod 12. pat-
rem je 31 I/s. Novy &erpaci systém se sklddd ze tii HCS na jamé

Fig. 5 R7S shaft bank with built-in force mains

pipeline between shafts R7S and
B1;

installation of a DN150 horizontal discharge pipe between
shafts R7S-B1 and R7S-R1 with a total length of 3,500m;
modification of the MPS on the 5" and 12" levels of shaft B1,
addition of the number of high-pressure centrifugal pumps
CDA 350 SIGMA including valves with connection to the
control system;

installation of the isolation bulkhead in shaft R7S at a depth
of 70m below the shaft bank and dismantling of the original
shaft support from the shaft bank to the working platform of
the pumping station;

installation of a separate air duct with a fan between the shaft
bank and the working platform of the pumping point;
dismantling of the original support in shaft R7S between the
shaft bank and the pumping point down to 60m below the shaft
bank;

installation of a new manway compartment made of stainless
steel profiles in shaft R7S between the shaft bank and the
working platform of the pumping station;

installation of a pumping point in shaft R7S, installation of
a pair of stainless steel discharge pipelines DN150 with back
flaps and 2 LOWARA ZR 10-220 submersible pumps, each
with a flow rate of 50L/s, a power input of 80kW and a delivery
height of 120m;

modification of the R7S shaft bank construction, installation of
the shaft bank floor and the steel structure for the lifting device
(see Fig. 5) [6];
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R3 [os il A1

¢ installation of valves within the
control node with two RV 224

DS Bukov
Bukov URS

:..".h: 5.patro level 5

EPM 1123L1 16/40 three-way
distribution valves DN125 with

|EiEa] 5. patro level 5 electricdrive, 4 shut-off gate valves
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with electric actuator, 2 Krohne
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mine water table level after flooding
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MPS with submersible pumps

the connecting piping DN125 [6];

e assembly and installation of an
ABUS electric cable tackle with
an electric travel gear, capacity
of 5,000kg on the R7S shaft bank
for handling of pumps and force
pipes;

e installation of switchboards, ele-
ctrical installation and cabinets
with frequency converters for the
R7S shaft MPS;

e pumping control system using an
optic network in the underground;

e gsoftware modification,

visuali-

Obr. 6 Schéma ¢erpdni dulnich vod po rekonfiguraci
Fig. 6 Diagram of mine water pumping after reconfiguration

R1 (na 12.,9. a 3. patie), dvou HCS na jamé B1 (na 12. a 5. patie)
a jedné HCS ve slepé jam& R7S s ponornymi Cerpadly (obr. 6).
Objem dulnich vod vycerpanych zponorné cerpaci stanice v jamé
R7S bude k jednotlivym kaskdddm na jamach R1 a B1 rozdélovan
fidicim systémem na zakladé méfeného priutoku a podle podmi-
nek na nich (vy$ka provoznich hladin v jednotlivych Zumpovnich
chodbach, stav Cerpadel, porucha zafizeni) trojcestnymi ventily
na ohlubni jamy R7S v poméru 19 /s k jamé R1 a 12 I/s k jamé
B1 [6]. Mezi minimélni a havarijni hladinou je, vzhledem k vy-
lomam na 13. patfe dolu, dostateny retencni prostor, ktery ¢ini
318 700 m®. Pro odstranéni pfipadnych poruch na ¢erpacim zafi-
zeni je doba 86 dni dostacujici k tomu nez dilni voda v jamé R7S
nastoupa po havarijni hladinu.

2.5 Zména vyloZeni DZ jamy R6

Jednou z dilezitych Cinnosti provedenych v ramci rekonfigura-
ce dolu byla ,,Zména vyloZeni na Dopravnim zafizeni H1200 ¢. 1
a C. 2 na jamé R6%, kterd spocCivala ve zkraceni délky vodicich lan
na dopravnim zafizeni. Jama R6 je hlavni vétraci vyduSna jama
Dolu Rozné I s hlavnim dilnim ventilatorem. Je vyhloubena do
urovné 18. patra (hl. 784 m) v kruhovém profilu 20,5 m? se za-
jisténim betonovou vyztuZzi (v tunelafské terminologii osténim).
Stvolem jamy je vedeno potrubi stlaceného vzduchu o primeé-
ru 300 mm a VN kabely pro zajiSténi napdjeni dilnich zafize-
ni u jamy R7S a jamy B1. K prohlidkdm jamy R6 slouZi dvé€ na
sobé€ nezavisla dopravni zatfizeni (dale jen DZ) H1200 ¢. 1 a €. 2
[7]. Obé dopravni niddoby jsou v jamé vedeny dvéma ocelovy-
mi vodicimi lany, z nichZ kazdé je samostatné napindno zavazim
o hmotnosti asi 8 t. Tato zavazi byla volné zavéSena pod podlahou
18. patra. Maji tvar ocelového koSe obdélnikového piidorysu s vy-
plni 640 kusi ocelovych ploten. Vzhledem k fizenému zatapéni
od bfezna 2021 bylo nutné lana zkratit ze stavajici délky 750 m na
délku 550 m do doby, neZ dilni voda nastoupa na 18. patro. Zmé-
na vyloZeni a vlastni prace zacCaly fixaci vodicich lan se starymi
napinacimi kosi na 18. patfe jamy R6, vyrobou ocelovych kosu

sation of mine water pumping
control at the R1 control centre.
The capacity of the new pumping
system was designed for a total rate of the inflow to the reservoir
of 48L/s, which is determined from the long-term 11-year average.
The total rate of inflow to the deposit below the 12" mine level is
31L/s. The new pumping system consists of three main pumping
stations in shaft R1 (on mine levels 12, 9 and 3), 2 main pumping
stations in shaft B1 (on mine levels 12 and 5) and 1 main pumping
station in the blind shaft R7S with submersible pumps (see Fig.
6). The volume of mine water pumped from the submersible
pumping station in shaft R7S will be distributed by the control
system to individual cascades in shafts R1 and B1 on the basis of
the measured flow rate and according to the local conditions (the
height of operating water table levels in individual cesspool adits,
the condition of pumps, an equipment failure) by three-way valves
on the shaft bank of shaft R7S in the ratio of 19L/s to shaft R1 and
12L/s to shaft B1 [6].There is a sufficient retention space between
the minimum level and the emergency level with respect to the
excavation volumes at the 13" level of the mine, which amounts to
318,700m>. A period of 86 days is sufficient removing any failure
of the pumping equipment before the water table in shaft R7S rises
to the emergency level.

2.5 Change in the lifting depth of the transportation
equipment of shaft R6

One of the important activities carried out as part of the mine
reconfiguration was the ,,Change in the lifting height on H1200
Conveyors No. 1 and No. 2 on shaft R6%, which consisted in
shortening the length of the guide cables on the transportation
equipment. Shaft R6 is the main uptake ventilation shaft of the
RoZna Mine I, containing the main mine fan. It is sunk down to
the 18" mine level (depth of 784m) in a circular profile diameter
of 20.5m* with the reinforced concrete support (in tunnelling
terminology the lining). A 300mm diameter compressed air
pipeline and HV cables supplying power to the mining equipment
at shaft R7S and shaft B1 are routed through the shaft diameter.
Two independent transportation equipment means (hereafter TE)
H1200 No. 1 and No. 2 [7] are used for inspections of the R6 shaft.
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a narezdnim jednotlivych 400 kust
zavazi. Po odvozu ocelovych nos-
nikt a krycich plecht podlahy na
ohluben jamy R6 byly postupné
ocelové nosniky a plechy dopraveny
na 12. patro se soucasné probihajici
montazi celé podlahy na 12. patfe.
Po dokonceni podlahy byla prove-
dena doprava 400 ocelovych desek
zavazi o celkové hmotnosti 24 t na
12. patro, kde byly vyskladany do
ocelovych kost k zavéseni. Final-
nimi pracemi bylo kraceni vodicich
lan a zavéSovani novych napinacich
koSt se zavazimi tésné pod podlahu
12. patra nad volnou hloubkou jamy
R6. Kazdé zajisténé vodici lano
muselo byt pod urovni 12. patra
odfiznuto a provléknuto do nového
dvazku napinaciho koSe. Cely takto
naplnény a do tvazku zavéSeny koS
bylo nutno, pomoci jefdbu a zdvi-
hactho vratu (oboji umisténych na
povrchu), nadzvednout zhruba o 3 m a postupné byl koS spustén
do pfipravené pozice vytvorené v podlaze 12. patra. Odd€lovani
puvodnich vodicich lan, navadéni kost do pozice a veskeré dalsi
souvisejici prace s umistovanim napinacich ko$i byly provadény
nad volnou hloubkou jamy za pouziti lezecké techniky z pracov-
nich lavek umisténych ve volném prostoru pod podlahou 12. patra
jamy R6. Po umisténi kosii do findlnich pozic byly otvory v pod-
laze opatfeny uzaviratelnymi poklopy. Price zde probihaly za vel-
mi naro¢nych klimatickych podminek, protoZe jama R6 byla v té
dobé vtazna. Po ukonceni zmény vyloZeni byly provedeny funk&ni
zkou$ky dopravnich zatfizeni jadmy R6.
2.6 Castecna rekonstrukce HCS a TR na 12. patie
jamy R1

Zmény v Eerpacim systému si vyZidaly nezbytné tipravy i v HCS
na 12. patfe jamy R1. Po demontdZi 2 ks stavajicich ¢erpadel s po-
nechdnim jednoho cerpadla pro ¢erpani dilnich vod z 12. patra,
byly upraveny betonové zaklady pod Cerpadly. Nasledné byla na-
montovdna dvé vykonnéjsi odstfediva horizontalni Cerpadla ¢lan-
kové konstrukce Sigma 125-CVN-350-18/6-OU-FE o priitoku
25,4 1/s a vytlaku 275 m (obr. 7) s elektrickymi motory o pfikonu
137 kW, nové armatury a induk¢ni pratokoméry Krohne Optiflux
2000 DN 125/PN40 [8]. Do rozvodny HCS byly nainstalovany fre-
kven¢ni ménice. Pro napdjeni zabudovanych cerpadel byly z trafo-
stanice TR 12.1. pfivedeny nové pfivodni a k fizeni cerpani nové
sd&lovaci elektrické kabely. Takto Cdste¢né rekonstruovana HCS
byla pfipojena do fidiciho systému ¢erpani ditlnich vod pomoci op-
tické sit€ s vyvedenim na dispecink dolu.

2.7 Ohrev vtaznych vétru a uprava $achetni budovy
jamy B1

Uprava ohtevu vtaZnych vétrii a Sachetni budovy byly zahrnuty
do rekonfigurace dolu z divodu sniZeni spotieby el. energie pri
»zimnim provozu® jamy B1. Do doby provedené zmény ohrevu
vtaznych vétri byl ohfev vtaznych vétri na jamé Bl provadén
zménou sméru vétri v jamé provozem pomocného ventildtoru
o praméru 800 mm umisténého na 12. patfe na pfekopu BZ-XIIS.
Jama B1 byla tak v zimnim obdobi vyduSna. Zimni provoz jamy

Obr. 7 Cerpadla Sigma 125-CVN-350 v hlavni Cerpaci stanici na 12. patie jamy RI
Fig. 7 Sigma 125-CVN-350 pumps in the main pumping station on the 12" level of shaft R1

Both conveyors are guided in the shaft by two steel guide cables,
each of which is independently tensioned by a weight of about 8
t. These weights were loosely suspended under the floor of the
18™ mine level. They are in the form of a steel basket rectangular
in ground plan, filled with 640 pieces of steel plates. With respect
to the controlled flooding from March 2021, the cables had to
be shortened from their current length of 750m to 550m by the
time the mine water reached the 18" mine level. The change in
the lifting height and the actual work began by fixing the guide
cables with the old tensioning baskets on the 18" level of shaft
R6, producing steel baskets and cutting 400 individual pieces of
weights. After the steel beams and cover steel plates for the shaft
floor were transported to the shaft bank R6, the steel beams and
plates were transported to the 12" mine level, with the assembly
of the entire floor on the 12" mine level taking place at the same
time. Once the floor was completed, 400 steel weight plates of the
weight weighing 24t in total, were transported to the 12" mine
level where they were stacked in steel baskets to be suspended.
The final work involved cutting the guide ropes and hanging new
tension baskets with weights just below the floor of the 12" mine
level above the free depth of shaft R6. Each secured guide cable
had to be cut below the 12" mine level and threaded into a new
clamp of the new tensioning basket. The entire basket filled and
suspended in a harness in the above-mentioned way had to be
lifted about 3m using a crane and a lifting winch (both located
on the surface) and gradually the basket was lowered to the
pre-prepared position created in the floor of the 12 mine level.
Separation of the original guide ropes, guiding the baskets into
position and all other associated work on the placement of the
tension baskets was carried out above the free depth of the shaft
from work benches located in the open space below the floor of
the 12% level of shaft R6, using climbing equipment. After placing
the baskets in their final positions, the openings in the floor were
fitted with lockable hatches. The work here was carried out under
very difficult climatic conditions, as the R6 shaft was of the air
intake type at the time. Following the completion of the change
in the lifting height, functional tests of the R6 shaft transportation
equipment were carried out.
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Obr. 8 Novd poZdrni nddrz na ohlubni jamy Bl
Fig. 8 New fire water tank on the B1 shaft bank

B1 si vzdy vyzadal nezbytné tpravy ve vétrni siti dolu. Nevyho-
dou tohoto systému byla nizk4 operativnost v ndvaznosti na zmé-
nu klimatickych podminek, pomérné znacna spotieba el. energie
pomocného ventilatoru a zasahy do vétrni sité€ dolu v zimnim ob-
dobi. Ohfev vtaznych vétri a dprava Sachetni budovy B1 jsou dvé
spolu souvisejici stavby rozdélené na VN piipojky, trafostanici,
kalorifernu na ohlubni jamy a tpravy Sachetni budovy. Veskeré
vySe uvedené Casti byly provadény soubézné v obdobi od 4/2022
do 12/2022. Soucasti dprav Sachetni budovy byla i instalace nové
poZarni nadrZe, u niz se zjistil nevyhovujici technicky stav. Reali-
zace probihala v nasledujicich etapach [9]:

* vykopové priace mezi stavajicim sloupovym trafem na povr-
chu jamy B1 a budouci trafostanici a mezi trafostanici a roz-
vodnou v Sachetni budové;

e demontdZz pozarni nadrZe, vodomérné Sachtice, kondenzacni
nadrZe a Gprava vétrniho kandlu jAmy B1 pro privod ohfatého
vzduchu;

e stavebni Upravy Sachetni budovy k umisténi rozvodny a po-
zarni nadrZe (obr. 8);

e poloZeni el. kabelll od stavajiciho sloupového trafa v arealu
jamy B1 ke kioskové trafostanici a dale od kioskové trafosta-
nice do rozvodny v Sachetni budove;

* zhotoveni Zelezobetonové desky vyztuzené svarovanymi sité-
mi pro umisténi topnych jednotek;

e piiprava podloZi pro usazeni kioskové trafostanice a dodavka
kioskové trafostanice;

* montaz péti vytipécich jednotek FlaktGroup CAIRplus o pri-
konu 125 kW a objemovém proudu 13 500 m*h pii rychlosti

Tuel

2.6 Partial reconstruction of the MPS and ES at 12t
level of shaft R1

Changes in the pumping system also required necessary
modifications to the Main Pumping Station at the 12 level of the
R1 shaft. After removing two existing pumps, leaving one pump for
pumping mine water from the 12" level, the concrete foundations
under the pumps were modified. Subsequently, two more powerful
centrifugal, horizontal, cellular, elementary construction pumps of
Sigma 125-CVN-350-18/6-OU-FE design with a flow rate of 25.4L/s
and a delivery height of 275m (see Fig 7) with electric motors with
power input of 137kW, new valves and Krohne Optiflux 2000 DN
125/PN40 inductive flow meters were installed [8]. Frequency
converters were installed in the electricity substation of the MPS. For
the power supply of the built-in pumps, new supply cables and new
communication cables were connected from the ES 12.1. substation
to control the pumping. The MPS partially reconstructed in this way
was connected to the mine water pumping control system by means
of a fibre-optic network with connection to the mine control room.

2.7 Heating of the intake air and modification of the
shaft building of shaft B1

Modifications to the intake air heater and the shaft building

were included in the mine reconfiguration design to reduce power
consumption during the ,,winter operation of the B1 shaft. Until
the change in the heating of the intake air was carried out, the
heating of the intake air on shaft B1 was carried out by switching
the direction of the air in the shaft by the operation of an auxiliary
fan with a diameter of 800mm located at the 12™ mining level in
the BZ-XIIS crosscut. The B1 shaft was thus in an upcast mode in
winter. The winter operation of shaft B1 always required necessary
adjustments to the mine’s ventilation network. The disadvantages of
this system were low operability in response to changes in climatic
conditions, relatively high power consumption of the auxiliary fan
and interventions into the mine ventilation network in winter. The
heating of intake mine air and the modification of the shaft Bl
building are two related structures divided into HV connections,
an electricity substation, a calorifier at the shaft bank and the shaft
building modifications. All of the above work was performed
concurrently between 4/2022 and 12/2022. The modifications to the
shaft building included the installation of a new fire water tank, which
was found to be in poor condition. Implementation was carried out in
the following phases [9]:

* excavation between the existing column transformer on the B1
shaft surface and the future electricity substation and between
the electricity substation and distribution substation in the shaft
building;

e dismantling of the fire water tank, water meter shaft,
condensation tank and modification of the B1 shaft ventilation
duct for the supply of heated air;

e structural modifications to the shaft building to accommodate
the electricity substation and fire water tank (see Fig. 8);

e laying electrical cables from the existing column transformer
substation in the Bl shaft area to the kiosk transformer
substation and further from the kiosk transformer substation to
the distribution substation in the shaft building;

e construction of a reinforced concrete slab reinforced with Kari
nets for the placement of heating units

e preparation of the subsoil for the installation of the kiosk
transformer substation and delivery of the kiosk substation;

* installation of five FlaktGroup CAIRplus heating units with the
power input of 125kW and a volume flow rate of 13,500m*h at
arate of 2.3m/s and a ventilation pipeline with a connection to
the ventilation duct in shaft B1 [9];




2,3 m/s a vzduchotechnického potrubi s napojenim na vétrni
kanal v jamé B1 [9];

* montdz rozvadécll v rozvodné, montaZz pozarni nadrze s Cer-

padlem;

e instalace rozvadécu v rozvodné, elektrickych kaloriferd na

ohlubni jamy B1, teplotnich ¢idel v jdmé a na ohlubni;

e ovladani a fidici systém vytapéni s bezdritovym napojenim

na dispecink dolu.

Po realizaci je teplota na ohlubni jamy B1 udrZovina automa-
ticky teplotnimi ¢idly dle nastavené hodnoty, automatickym zapi-
nanim jednotlivych elektrickych kalorifert. Ohfev vtaznych vétra
v jamé B1 fidi dispecer dalkové z dispeCinku R1. Podle teploty
v jamé B1 postupné zapind prislusny pocet vytipécich jednotek
FlaktGroup CAIRplus tak, aby minimdlni teplota vtaznych vétrti
byla +2 °C.

3. ZAVER

Realizovand Rekonfigurace dolu umozni dlouhodoby provoz
Dolu RoZna I se sniZenymi provoznimi naklady do roku 2030
s moZznosti prodlouZeni do roku 2035 pro zaji$téni experimental-
niho programu a vyzkumné &innosti spole¢nosti SURAO v sou-
ladu s podminkami Smlouvy o spoluprici pfi provozu PVP Bu-
kov. Rekonfigurace dolu probéhla za jeho plného provozu, bez
omezeni probihajici vyzkumné a experimentalni ¢innosti SURAO
v podzemi dolu a na PVP Bukov. I kdyz prubéh realizace byl
nepfiznivé ovlivnén covidovou pandemii, cely rozsah rekonfi-
gurace se podarilo zajistit v poZadovaném terminu, kvalité a pfi
dodrzeni planovanych nédkladt. Na zakladé provedené kolaudace
dne 20. 12. 2022 bylo vydano feditelem zavodu GEAM Dolni Ro-
Zinka rozhodnuti k trvalému uZivani stavby ¢. 838 Rekonfigurace
dolu.

Ing. PAVEL VINKLER, vinklerp@diamo.cz, DIAMO, s. p.
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e installation of switchboards in the distribution substation,
installation of fire water tank with a pump;

* installation of distribution switchboards in the distribution
substation, electrical calorifiers on the shaft B1 bank, temperature
sensors in the shaft and on the shaft bank;

* the heating control and management system with wireless
connection to the mine control room.

After implementation, the temperature at the shaft B1 is maintained
automatically by temperature sensors according to the set value,
by automatically switching on individual electrical calorifiers. The
heating of the intake air in shaft B1 is controlled remotely by the
controller from the R1 control centre. Depending on the temperature
in shaft B1, the appropriate number of FlaktGroup CAIRplus heating
units are switched on so that the minimum intake air temperature is
+2°C.

3. CONCLUSION

The implemented Reconfiguration of the mine will make
long-term operation of the Mine Rozna I possible with reduced
operating costs until 2030 with the possibility of extension until
2035 to ensure the experimental programme and research activities
of the Radioactive Waste Repository Authority in accordance
with the terms of the Cooperation contract for the operation of
the Bukov URF. The reconfiguration of the mine was carried out
without interruption to the mine operation, without any restrictions
on the ongoing research and experimental activities of the
Radioactive Waste Repository Authority in the underground mine
and at the Bukov URF. Although the course of implementation
was adversely affected by the covid pandemic, the entire scope of
the reconfiguration was achieved in the required time, quality and
within the planned costs. On the basis of the obtained approval, the
director of the GEAM Dolni RoZinka plant issued a decision for the
permanent use of the construction No. 838 for the reconfiguration
of the mine on 20 December 2022.

Ing. PAVEL VINKLER,
vinklerp @diamo.cz, DIAMO, s. e.
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TUNEL OKRUHLIAK - VYZVA ALEBO RUTINA?
OKRUHLIAK TUNNEL - CHALLENGE OR ROUTINE?

ANTON PETKO, MICHAL MARICAK

ABSTRAKT

Cielom tohto ¢ldanku je obozndmit Citatelov a odbornii verejnost s tunelom Okruhliak, ktory je v poradi tretim tunelom na cestnej in-
[frasStruktiire v okoli tretieho najviicSieho slovenského mesta PreSov. Po tuneloch Presov a BikoS, ktoré sii uz v prevddzke, sa 30. septembra
2023 zacala vystavba tunela Okruhliak, ktory je siicastou II. etapy severného obchvatu. V ¢ldnku sii prezentované technické parametre tu-
nela, sposob a technologia vystavby vo viizbe na horninové prostredie, ako aj zmluvné podmienky, ktoré sii v tomto pripade mierne odlisné
od doterajsich projektov tohto typu, a pohlad zhotovitela na tiito problematiku.

ABSTRACT

The aim of this article is to acquaint readers and the professional public with the Okruhliak tunnel, which is the third tunnel on the road
infrastructure in the vicinity of PreSov, the third largest Slovak city. After the PreSov and Bikos tunnels, which are already in operation, the
construction of the Okruhliak tunnel, which is part of Phase II of the northern bypass, started on 30 September 2023. The article presents
the technical parameters of the tunnel, the method and construction technology in relation to the ground environment, as well as the
contractual conditions, which in this case are slightly different from previous projects of this type, and the contractor’s view of this issue.

uvop INTRODUCTION

Tunel Okruhliak je Castou navrhovanej rychlostnej cesty R4 The Okruhliak Tunnel is a part of the proposed expressway
Presov — severny obchvat II. etapa km (4,3-14,5), ktora je sucas- R4 Presov — northern bypass stage II (km 4.3-14.5), which is
tou severo — juzného dopravného prepojenia rychlostnou cestou | a part of the north-south transport connection by the expressway
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Obr. 1 Prehladnad situdcia stavby
Fig. 1 General construction site lay-out




v useku Statna hranica SR/PR — Vys$ny Komarnik — Milhost — Stat-
na hranica SR/MR (obr. 1). Rychlostné cesta ma zabezpecit pre-
pojenie medzi dialnicou D1 a rychlostnou cestou R4. Objednava-
telom stavby je Narodna dialni¢né spolocnost a. s.

Zhotovitelom je zdruZenie firiem EUROVIA SK, a.s., EUROVIA
CS, a.s., SMS a.s., VAHOSTAV - SK, a.s., TuCon, a.s., kde
TuCon, a.s. je zhotovitelom stavebnej Casti tunela Okruhliak.
EUROVIA SK, a.s. a VAHOSTAV - SK, a.s. st zhotoviteImi tech-
nologickej Casti tunela. Projektantom zadavacej dokumenticie je
ZdruZenie ,,R4 PRESOV* zastipené HBH Projekt spol. s r.o. [1].

ZMLUVNE PODMIENKY

Medzi objednédvatelom a zhotovitelom je uzavreta zmluva o die-
lo, ktord sa zakladd na zmluvnych podmienkach FIDIC — Cervena
kniha pre stavebnu Cast tunela Okruhliak a celej trasy, vratane vSe-
obecnych poloziek (merany kontrakt, oceneny polozkovy rozpo-
Cet). Objednavatel tu ponechal v platnosti ¢lanok 13.2 ZlepSovaci
navrh, ¢o mozno hodnotit ako nekonvencny a progresivny pristup
a krok k moznym tsporam na stavebnych ¢i prevadzkovych na-
kladoch pre objednavatela a v kone¢nom ddsledku pre celd spo-
locnost. V praxi to znamend, Ze zhotovitel moZe podat zlepSovaci
navrh, ktory ak bude prijaty, urychli dokoncenie, zniZi naklady
objednévatela na realizaciu, udrzbu alebo prevadzku diela, zlepsi
vykonnost alebo hodnotu dokonceného diela. Usporent Ciastku
si objednavatel a zhotovitel, zjednoduSene povedané, rozdelia na
polovicu. Metodika pre samotné posudzovanie, oceniovanie zlep-
Sovacieho navrhu a platbu zaf je v sicasnosti v rieSeni kompetent-
nych odbornych ttvarov objednévatela.

Pre technologické vybavenie tunela (technologické stavebné ob-
jekty) vSak plati poziadavka objednévatela na vypracovanie a do-
danie, okrem iného, aj dokumentécie realizovania stavby, kde pre
realizaciu plati cena na jednotlivé stavebné objekty a zhotovitel
sam navrhne, naprojektuje a postavi dielo podla zadanych poZia-
daviek, noriem a predpisov v poZadovanej kvalite.

ZAKLADNE INFORMACIE O TUNELI

Nazov tunela, ktory zabezpeci mimouroviiové vedenie cestnej
komunikacie cez masiv, je odvodeny od 391 m vysokého vrchu
Okruhliak.

Orientécia trasy tunela podla svetovych strdn je v osi zdpad —
vychod, podla ktorej sa rozliSuju oznacenia portdlov tunela na za-
padny a vychodny. Oproti tomu tunelové riry st oznacené prava
a lava. To je zrejmé z obr. 2.
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in the state border SR/PR — VySny Komarnik — Milhost — state
border SR/MR section (Fig. 1). The expressway is intended
to provide a connection between the D1 motorway and the R4
expressway. The construction project client is Narodna dialni¢na
spolo¢nost a. s.

The contractor is a join venture of companies EUROVIA SK, a.s.,
EUROVIA CS, a.s., SMS a.s., VAHOSTAV - SK, a.s., TuCon, a. s.,
where TuCon, a. s. is the contractor for the construction part of the
Okruhliak tunnel. EUROVIA SK, a.s. and VAHOSTAV - SK, a.s.
are the contractors for the technological part of the tunnel. The
designer for the tender design is the Association ,,R4 PRESOV*
represented by HBH Projekt spol. s r.o. [1].

CONTRACTUAL CONDITIONS

The work contract is concluded between the client and the
contractor. It is based on the FIDIC Conditions of Contract —
Red Book for the construction part of the Okruhliak tunnel and
the entire route, including general items (a measured contract,
a priced bill of quantities). The project owner has retained
Article 13.2 Improvement Proposal in force. It can be seen as
an unconventional and progressive approach and a step towards
possible savings in construction or operating costs for the Project
Client and ultimately for the whole society. In practice, this means
that the contractor may submit an improvement proposal which,
if accepted, will speed up completion, reduce the client’s cost of
construction, the maintenance or operation of the works, improve
the performance or value of the completed works. The amount
saved shall, in simple terms, be divided in half between the Client
and the Contractor. The methodology for the actual assessment,
valuation of the improvement proposal and payment for it is
currently being addressed by the competent technical services of
the Client.

For the technological equipment of the tunnel (technological
construction objects), however, the client’s requirement for the
preparation and delivery of, among other things, the detailed
design, where the costs of individual construction objects applie
for the construction and the contractor himself proposes, designs
and carries out the work according to the specified requirements,
standards and regulations in the required quality.

BASIC INFORMATION ON THE TUNNEL

The name of the tunnel, which will provide a grade-separated road
through the massif, is derived from the 391m high peak Okruhliak.
The orientation of the tunnel route
according to the cardinal directions

} ) ) is in the west-east axis, according to
hibeny tunel razeny tunel hibeny tunel . . A
cut-and-cover tunnel mined tunnel cut-and-cover tunnel which the tunnel portal designations
233m 1811,99m 2013 m are distinguished as western and
] "_'li Nz B¢ eastern. In contrast, the tunnel tubes
T I are marked right and left. This can
zP PP1 [ﬂppz Lﬂpm | |PP4 Eﬂpps E]PPG VP . i .
e = be seen in the following graphical
=Nz representation (see Fig. 2).
hibeny tunel razeny tunel hibeny tunel According to STN 73 7507
cut-and-cover tunnel mined tunnel cut-and-cover tunnel .
o T80 TS m Road Tunnel Design stan'dard, thf:
R ) o Okruhliak tunnel (see Fig. 3) is
NZ  nudzovy zaliv emergency lay-by PTR prava tunelova rdra right-hand tunnel tube i .
PP prieéne prepojenie cross passage ZP  zapadny portal western portal classified as a medium-length tunnel.
LTR [lavé tunelova rira left-hand tunnel tube VP vychodny portdl eastern portal .. .
The tunnel tubes are divided into

Obr. 2 Schematické zndzornenie tunela Okruhliak
Fig. 2 Diagramatic representation of the Okruhliak tunnel

mined sections and cut-and-cover
sections, and will have one-way
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Obr. 3 Vizualizdcia portdlu tunela Okruhliak
Fig. 3 Visualisation of the Okruhliak tunnel portal

V zmysle STN 73 7507 Projektovanie cestnych tunelov je tunel
Okruhliak (obr. 3) zaradeny medzi stredne dlhé tunely. Tunelové
riry sd rozdelené na tiseky budované razenim a hibenim a budui pre-
vadzkované jednosmerne s navrhovanou rychlostou 100 km/hod.
Celkova dizka pravej tunelovej riry je 1 846,07 m a lavej tunelo-
vej rury 1 854,45 m. V kaZdej tunelovej rire sa nachadza jeden
jednostranny nuidzovy zaliv umiestneny vpravo v smere jazdy.
Sirka nidzového zalivu je 3,0 m. Stcastou tunela je pit priechod-
nych prie¢nych prepojeni a jedno prejazdné prieéne prepojenie.
Sucastou priechodnych prie¢nych prepojeni si rozvodne pre tech-
noldgiu, ktoré st od priestoru tinikovej cesty oddelené Zelezobe-
toénovou prieckou. V prejazdnom prie¢nom prepojeni je navrhnuta
rozrazka, v ktorej bude umiestnend rozvodiia a transformatorov-
na. Protipoziarne vyklenky s hydrantmi sa nachadzaju vzdy vla-
vo v smere jazdy vo vzdialenosti max. 150 m. SOS vyklenky sa

Tab.1 Zdkladné technické parametre tunela Okruhliak

traffic with a design speed of 100km/h. The total length of the right
tunnel tube is 1,846.07m and the left tunnel tube is 1,854.45m
long. There is one single-sided emergency lay-by in each tunnel
tube, located on the right side in the direction of travel. The
emergency lay-by is 3.0m wide. The tunnel includes five cross
passages passable for pedestrians and one cross passage passable
for vehicles. The cross passages passable for pedestrians include
distribution substations for equipment, which are separated
from the escape route area by a reinforced concrete partition.
An excavation stub which will accommodate a distribution
substation and a transformer station is designed in the cross
passage passable for vehicles. Fire protection niches are always
located on the left side in the direction of travel at a maximum
spacing of 150m. The SOS niches are always located on the right
side in the direction of travel at a maximum distance of 150m.

Table 1 Basic technical parametars of the Okruhliak tunnel

Pocet tunelovych rir 2-PTR/LTR Number of tunnel tubes 2-RTT/LTT
Vedenie premavky jednosmerné Traffic direction unidirectional
Kategoria tunela podla STN 73 7507 2T-75 Tunnel category according to STN 73 7507 2T-75
Navrhovana rychlost 100 km/hod Design speed 100km/hour
Celkova dizka tunela (PTR/LTR) 1846,07 m/1 854,45 m Total tunnel length (RTT/LTT) 1,846.07m / 1,854.45m
Dizka razenych tisekov tunela (PTR/LTR) 1798,50m/1811,99 m Length of mined tunnel sections (RTT/LTT) 1,798.50m / 1,811.99m
g;l;alggt)enych usekov tunela na zapadnom portali 30,03m/2233m IF.)zrritgtlh( :{_ ;:/uLt-;?rr)\d-cover tunnel sections at western 30.03m / 22.33m
([:'-!;I;tall?l!g()my(:h usekov tunela na vychodnom portali 1754m /20,13 m :z:tgtllz :{_ -IcfluLt-I-_?rr)\d-cover tunnel sections at eastern 17.54m / 20.13m
Pozdizny sklon (PTR/LTR) 1,09 % /1,08 % Longitudinal slope (RTT/LTT) 1.09% /1.08%
Prieény sklon (PTRILTR) /2255//'_23%// Cross slope (RTTILTT) /2255//_—2388//
Pocet priechodnych prepojeni 5 Number of cross passages 5

Pocet prejazdnych prepojeni 1 Number of cross passages for vehicles 1

Pocet nudzovych zélivov (PTR/LTR) 1/1 Number of emergency lay-bys (RTT/LTT) 1/1

Vyska prejazdného prierezu 48m Height of cross passage for vehicles 4.8m

Sirka chodnikov 1,0m Width of pavements 1.0m

Svetla vySka nad chodnikom 22m Clear height above pavement 2.2m
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nachddzaju vzdy vpravo v smere jazdy vo vzdialenosti max. 150 m. There are 14 fire and 14 emergency niches in each tunnel tube, of
V kaZdej tunelovej rire sa nachddza 14 poziarnych a 14 SOS | which 5 niches in each tube are combined with drainage cleaning
vyklenkov, z ktorych 5 vyklenkov v kazdej rure je zdruZenych | niches. The longitudinal slope of both tunnel tubes is designed
s Cistiacimi vyklenkami. PozdlZny sklon oboch tunelovych rir je as unidirectional, with the uphil gradient from the western portal
navrhnuty ako jednosmerny, so stipanim od zdpadného portalu towards the eastern portal of 1.09% (RTT) and 1.08% (LTT). The
smerom k vychodnému v sklone 1,09 % (PTR) a 1,08 % (LTR). cross-slope of both tunnel tubes is unidirectional, varying from
Priecny sklon oboch tunelovych rur je jednostranny, v PTR od | 2.5t02.8% in the RTT and from 2.5 to 3.8% in the LTT. The basic

R4 PreSov - severny obchvat (km 4,3-14,5)
2024 2025 2026
SO NéZOV l]lohy Trvanie 2. polrok 1. polrok 2. polrok 1. polrok 2. polrok 1. polrok 2. polrok
Stvrt.3 | Sturt.4 | Sturt. 1 | Strt.2 | Stvrt. 3 | Stvrt. 4 | Sturt. 1 | Sturt.2 | Sturt. 3 | Sturt. 4 | Stwrt. 1 | Stvrt. 2 | Stwrt. 3 | Sturt. 4
Tunel Okruhliak 948 dni | Tunel Okruhliak
— LR nim
402-00-01-11-01 | Zapadny portal na razenie a HTU 120 dni s
D A
402-00-01-12-02 | Z&padny portal KTU 60 dni e
. , . . - B isLn A
402-00-02-11-01 | Vychodny portal na razenie a HTU 90 dni e i
" b 135 p— 1113
402-0002-12-02 Vychodny portal KTU 60 dni el
- - LN p— R
402-00-03 Hibeny tunel 79 dni . W -
402-00-04-01 Razeny tunel 580 dni acetd | wwu i
Razenie a primarne ostenie zapadny portal LTR 340 dni - | .t
Razenie a primarne ostenie zapadny portal PTR 370 dni ot | 2
Razenie a primarne ostenie vychodny portal LTR 370 dni i o
Razenie a primarne ostenie vychodny portal PTR 359 dni ,,,j:l.
402-00-04-02 Sekundar 330 dni itk ,L:l s
402-00-04-03 Vndtorné kondtrukcie 22 dni ,F‘.‘,‘:i
402-00-05 Prie¢ne prepojenie 601 dni — — ! g i
402-00-06 Drendzne odvodnenie tunela 350 dni wan * wn
402-00-07 Odvodnenie vozovky 150 dni u..T..——.’ e au
402-00-08 Vozovka a chodniky 150 dni T
402-00-09 Technologicka centéla na zapadnom portali 165 dni st 1
402-00-10 Technologicka centéla na vychodnom portali 165 dni =L
402-00-11 Kolektory a kébelovody na zépadnom portéli 120 dnf nu‘h‘u;urx
402-00-12 Kolektory a kabelovody na vychodnom portali 120 dni -uh“uf wrx
402-00-13 Potrubna Gast 120 dni 11 m—
402-00-14 Rozvodna VN pre trafostanicu 60 dni many i
R4 PreSov - northern bypass (km 4,3-14,5)
co co T k ) | D . 2024 2025 2026
askitle S | T s s P By |
Okruhliak tunnel 948 days I Okruhliak Tunnel
- mun I nas
402-00-01-11-01 | Western portal for general surface cutting 120 days ——— -
402-00-01-12-02 | Western portal for final surface cutting 60 days L b
isLn A
402-00-02-11-01 Eastern portal for general surface cutting 90 days h_“:“" ke ]
— L1
402-0002-12-02 Eastern portal for final surface cutting 60 days " u:; e
402-00-03 Cut-and-cover tunnel 79 days _ o
402-00-04-01 Mined tunnel 580 days i - .!"u
Excavation and primary lining western portal LTT 340 days st ,!l—uh
Excavation and primary lining western portal RTT 370 days "u_'_u-_
Excavation and primary lining eastern portal LTT 370 days X ' ri
Excavation and primary lining eastern portal RTT 359 days ,.J:.T=|.
402-00-04-02 Secondary lining 330 days o ,L!l A
402-00-04-03 Internal structures 22 days ,F'.'..'.';.i
402-00-05 Cross passages 601 days prv e I { K
402-00-06 Tunnel drainage 350 days LA ——— 1
402-00-07 Roadway drainage 150 days umr.—-"-'"—. B
402-00-08 Roadway and pavements 150 days = —
402-00-09 Services area at western portal 165 days N el
402-00-10 Services area at eastern portal 165 days "'_' H-h
402-00-11 Collectors and cableways at western portal 120 days luﬂ s
402-00-12 Collectors and cableways at eastern portal 120 days Iuﬂ nx
LR L]
402-00-13 Pipelines part 120 days v f—
-
402-00-14 HV distribution substation for transformer station 60 days T, e

Obr. 4 ZjednoduSeny harmonogram prdc na vystavbu tunela Okruhliak
Fig. 4 Simplified works schedule for the Okruhliak tunnel construction
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2,5do 2,8 %, v LTR od 2,5 do 3,8 %. Zakladné technické paramet-
re tunela Okruhliak si uvedené v tabulke C. 1.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
TUNELA OKRUHLIAK

V celom koridore tunela Okruhliak je horninovy masiv budova-
ny komplexom aleuriticko-pelitickych hornin. Komplex reprezen-
tuje suvrstvie neogénnych hornin — spodny miocén, vek egenburg.
Podla geologickej mapy severnej Casti Slanskych vrchov a Kosic-
kej kotliny sa vrstvy zaradujui k PreSovskému suvrstviu, ktoré je
zastupené dvomi litofacidlnymi vyvojmi. Sdvrstvie je sucasfou
sedimentov neogénnej panvy vyplnenej sedimentmi hlavnej mo-
lasy (egenburg — sarmat) a reprezentuje jej severozapadny okraj
— presovsku depresiu. Je ohranicena tektonicky a molasovi vyplii
poruduji zlomy troch zakladnych smerov. St to zlomy pozdizne
(SZ-JV), prie¢ne (SV-JZ) a kosé (S-J). V trase tunela sa vyskytu-
ju nasledovné typy hornin:

¢ ily ailovce Gplne zvetrané;

e flovce a siltovce silno a stredne zvetrané;

¢ ilovce slabo zvetrané a zdravé;

e siltovce slabo zvetrané a zdravé;

¢ pieskovce silno a stredne zvetrané;

 pieskovce slabo zvetrané a zdravé.

Pri raziacich pracach je nutné ocakavat vlhké az mokré prostre-
die s rozptylenymi aZ jednotlivymi, sustredenymi pritokmi do cca
1-3 1/s, ktoré vSak s postupom prac budu zniZovat svoju vydatnost.

Z ddvodu mineralogického zloZenia hornin, prachovitych ilov-
cov a siltovcov, vysokého obsahu mineralu smektit do 80-90 %,
st horniny citlivé na zmenu vlhkosti po kontakte s vodou. Na za-
klade skusok tlaku z napucania a objemovych zmien z napuicania
boli laboratérne stanovené objemové zmeny, ktoré sa pohybuji
v intervale 0,61-6,69 %. Hodnoty tlakov z napicania su v rozsahu
0,754-2,922 MPa. Aj z tohto ddvodu st horniny (ilovce, siltovce)
po vystaveni poveternostnym vplyvom (po vytazeni, odvitani) ne-
stabilné a rychlo sa rozpadaji na Glomky az drvu.

ORGANIZACIA VYSTAVBY

Tunel Okruhliak pozostdva zo stavebnej a technologickej Casti.
Stavebnu Cast tvori 18 a technologicki Cast 15 stavebnych objek-
tov. Vzhladom na to, Ze zhotovitel naplanoval zacatie razenia zo
zapadného portalu, ako prvy sa zacne realizovat stavebny objekt
~Zéapadny portdl na razenie a hrubé terénne tpravy*. Tomu vSak
eSte predchddza realizicia pyrotechnického a archeologického
prieskumu, ako aj priprava izemia pre stavebnu ¢innost, ktora ok-
rem iného pozostdva z vyrubu drevin a odstranenia ornice v trva-
lych a docasnych zaberoch stavby. Tieto prace sa v Case pisania

Tab. 2 Navrhnuté vystrojovacie triedy a ich predpokladané zastipenie v trase
razeného tunela Okruhliak

Tuel

technical parameters of the Okruhliak tunnel are presented in
Table 1.

GEOLOGICAL AND HYDOGEOLOGICAL CONDITIONS
OF THE OKRUHLIAK TUNNEL

Throughout the Okruhliak tunnel corridor, the rock mass is built
up by a complex of Aleuritic-Pelitic rock types. The complex is
represented by a Neogene rock layer — Lower Miocene, Egenburg
age. According to the geological map of the northern part of the
Slanské Hills and the KoSice Basin, the layers belong to the PreSov
Formation, which is represented by two lithofacial developments.
The stratum is part of the sediments of the Neogene basin filled
with sediments of the Main Molasse (Egenburg-Sarmatian) and
represents its northwestern margin — the PreSov Depression. It is
bounded tectonically and the molasse fill is faulted in three basic
directions. These are longitudinal faults (NW-SE), dip-slip faults
(NE-SW) and strike-slip faults (N-S). The following rock types
occur in the tunnel route:

¢ clay and claystone fully weathered;

* claystone and siltstone heavily to medium weathered;

* claystone weakly weathered and fresh;

* siltstone weakly weathered and fresh;

* sandstone heavily and medium weathered;

* sandstone weakly weathered and fresh.

During the mining work it is necessary to expect a humid to wet
environment with scattered to individual, concentrated inflows of
up to about 1-3L/s, which, however, will decrease in yield with
the progress of the work.

Due to the mineralogical composition of the rock typess, silty
clay and siltstone, the high content of the smectite mineral up to
80-90%, the rock types are sensitive to changes in the moisture
content after contact with water. On the basis of swelling pressure
tests and volumetric changes caused by swelling, volumetric
changes have been determined in the laboratory and they range
from 0.61 to 6.69%. The values of the swelling pressures are in the
range of 0,754-2,922MPa. Also for this reason, rocks (claystones,
silts) are instable after exposure to weathering (after breaking out,
drilling) and rapidly disintegrate into fragments to rubble.

CONSTRUCTION ORGANISATION

The Okruhliak Tunnel consists of a construction and a tech-
nological part. The construction part consists of 18 construction
objects and the technological part of 15 objects. As the contractor
has planned to start the mining from the western portal, the
construction object “Western portal for excavation and rough
landscaping” will be the first to be carried out. However, this is

Table 2 Proposed excavation support classes and their expected representation
in the route of the Okruhliak mined tunnel

. . | Celkomprava | Celkomlava | Zastupenie Zastupenie . . Representa- | Representa-
Vystrojovacia oV ri oV ri 5 I lavi lova Excavation Right tunnel Left tunnel ion righ ion lef |
trieda tunelova rdra | tunelova rura prgva’tune o- ava’tune ova support class | tube total [m] | tube total [m] tion right tun- | tion left tunnel
[m] [m] va rura [%] rura [%] nel tube [%] tube [%]

VT III-S1 216,0 264,0 12 15 VT I11-S1 216.0 264.0 12 15
VT IV-S1 504,0 480,0 28 26 VT IV-S1 504.0 480.0 28 26
VT Va-S1 156,0 168,0 9 9 VT Va-S1 156.0 168.0 9 9
VTV-82 535,3 504,0 30 28 VTV-82 535.3 504.0 30 28
VT Va-S2 156,0 132,0 9 7 VT Va-S2 156.0 132.0 9 7
VT Vb-S2 MP 171,2 204,0 10 11 VT Vb-S2 MP 171.2 204.0 10 11
VT Va-NZ 60,0 60,0 3 & VT Va-NZ 60.0 60.0 3 3
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i(alota
top heading

kotvy, dI. 6 m
4 ks/zéber
anchors, 4m long
4 pes per round

os tunela
tunnel axis

preceded by conducting a pyrotechnical

sklolaminétové kotvy kotvy, dI. 6 m .
16 m 13 ks (12 ks)/zéber and archaeological survey, as well as the
“bre-remforcﬁgrﬂlﬁg i | ?20,?0‘?('1‘2‘”‘;0'3)” ger round preparation of the area for the construction

activity, which consists of, among other
things, the felling of trees and the removal
of topsoil in the permanent and temporary
works. These works are being carried out at
the time of writing. The pyrotechnical survey
is carried out in this locality because the
fighting during the Second World War during
the Slovak National Uprising took place
here, and the number of ammunition finds
is very extensive, especially in the PreSov
region.

= Once the construction pit at the western
portal is finished, the excavation of the tunnel
tubes will start. During the excavation from
the west, the contractor will construct the
construction pit at the eastern portal and then
start the excavation from that side as well.

Obr. 5 Postup razenia a ndvrh vystrojenia VI'V - S2 (priecny rez)

Fig. 5 Excavation procedure and VTV — S2 excavation support design (cross-section)

This will shorten the time for the primary
lining object, for which a milestone has been
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Obr. 6 Postup razenia a ndvrh vystrojenia VI'V — S2 (pozdlzny rez)
Fig. 6 Excavation procedure and VTV — S2 (longitudial section)

¢lanku realizuju. Pyrotechnicky prieskum sa v tejto lokalite robi
preto, lebo tu prebiehali boje pocas druhej svetovej vojny a Slo-
venského narodného povstania, a najmé v PreSovskom kraji je po-
¢et ndlezov municie velmi rozsiahly.

Po vybudovani stavebnej jamy na zapadnom portdli sa zane
s razenim tunelovych rar. Pocas razenia zo zdpadu bude zhoto-
vitel realizovat stavebnu jamu na vychodnom portdli a nadsledne
zacne razit aj z tejto strany. Tym sa Cas na realizéciu objektu pri-
marneho ostenia, na ktory bol objednavatelom stanoveny milnik,
skrati. Objednavatel zaroven stanovil milnik na ukoncenie objektu
sekundédrneho ostenia, preto zhotovitel zacne tento objekt realizo-
vat stibeZne s raziacimi pracami. Sest prie¢nych prepojeni dosta-
tocného prierezu umozni prejazd vSetkym mechanizmom z pravej
tunelovej rury do lavej a naopak, ¢im sa vyrazne zlepsia logistické
moZznosti a organizdcia pric. S realiziciou sekundarneho ostenia

set by the client. At the same time, the client has set a milestone for
the completion of the secondary lining, so the contractor will start
to work on this object concurrently with the excavation works.
Six cross passages with a sufficient cross-section will allow all
machinery to pass from the right tunnel to the left tunnel and vice
versa, which will significantly improve the logistical possibilities
and the organisation of the work. The tunnel drainage will be
carried out concurrently with the construction of the secondary
lining. Subsequently, the roadway drainage will be constructed
along with the cable routes under the footpaths, the fire water
mains, the footpaths themselves, the pavement, the coating of the
lining, the buildings of the services centres, as well as the cable
ducts at both portals. After the completion of the objects of the
construction part, but also in parallel with some of them, the work
on the technological part of the Okruhliak tunnel will begin.
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vzorovy prieény typ S1
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Obr. 7 Vzorové priecne rezy — typ SI1 a S2
Fig. 7 Typical cross-section — types SI1 a S2

sa bude robit drendZne odvodnenie. Nasledne sa vyhotovi odvod-
nenie vozovky spolu s kdblovymi trasami pod chodnikmi, poZiar-
ny vodovod, samotné chodniky, vozovka, nater ostenia, budovy
technologickych central, ako aj kablovody na oboch portdloch. Po
realizacii objektov stavebnej Casti, ale aj v sibehu s niektorymi, sa
zacne realizovat technologicka cast tunela Okruhliak.

Na obr. 4 mozno vidiet zjednoduSeny harmonogram prac na vys-
tavbu tunela Okruhliak, z ktorého st zrejmé minimalne poZadova-
né vykony na razenie a betondZz. Aby sa dodrZal harmonogram,

Tab. 3 Strojno — technické vybavenie na razenie tunela Okruhliak

Figure 4 shows a simplified schedule of works for the construction
of the Okruhliak tunnel, which shows the minimum performance for
excavation and concreting required. In order to meet the schedule,
the contractor will be required to excavate a minimum of 3.11m of
the tunnel on average in each tunnel tube per day and to concrete
at least 1 block of the upper vault of the final lining including the
blocks for the emergency lay-by in each tunnel tube, every 48 hours.

Table 3 Mechanical-technical equipment for driving the Okruhliak tunnel

Skupina Nazov mechanizmu Pocet ::::Senych Group Type of equipment Nurt;l;:e;gy;;:ces
Tunelbager Liebherr R950 3 Tunelbager Liebherr R950 3
B Tunelbager Liebherr R944 2 Excavator Tunelbager Liebherr R944 2
Tunelbager Liebherr R924 3 Tunelbager Liebherr R924 3
Minibager CAT 305 2 Minibager CAT 305 2
Striekaci stroj Meyco Potenza 6 Shotcrete machine | Meyco Potenza 6
Komatsu HM300 1 Komatsu HM300 1
Dumper GHH MK30 3 Dumper GHH MK30 3
Volvo A25 5 Volvo A25 5
CAT966G 2 CAT966G 2
CAT966H 1 CAT966H 1
Nakladaé Komatsu WA470 1 Loader Komatsu WA470 1
Liebherr 566X 2 Liebherr 566X 2
CAT908C 1 CAT908C 1
CAT906M 1 CAT906M 1
Sandvik DT1130 2 Sandvik DT1130 2
Vi Sandvik DT820 1 Drling rig Sandvik DT820 1
Tamrcok Axera TO8 1 Tamrcok Axera T08 1
Atlas Copco E2C 2 Atlas Copco E2C 2
Dieci 3B.28 3 Dieci 3B.28 3
PloSina GTA Normlifter 1600 1 Platform GTA Normlifter 1600 1
GTA Normlifter 750 2 GTA Normlifter 750 2
Manipulator Manitou MRT 1635 2 D e Manitou MRT 1635 2
Manitou MT 932 2 Manitou MT 932 2
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TUNNEL EXCAVATION

The construction of the mined tunnel
consists of a two-layer lining (primary and
secondary layers) with an intermediate
drainage and a protective layer and sheet
waterproofing. The driving will be carried
out according to the principles of the New
Austrian Tunnelling Method. The NATM is
a cyclic method of tunnel excavation in which
the ground mass is classified into excavation
support classes, designed and marked in
accordance with TP 021 Excavation Classes
— Part 1: Cyclic Excavation. The proposed
excavation support classes, as well as their
expected representation in the route of the
Okruhliak tunnel, are shown in Table 2.

Obr. 8 3D model debniaceho voza
Fig. 8 3D model of the formwork truck

zhotovitel bude musiet v kazdej tunelovej rire denne vyrazit
v priemere minimalne 3,11 m a kaZdych 48 hodin vybeténovat
minimélne 1 blok hornej klenby definitivného ostenia, vratane
blokov pre niidzovy zaliv v kaZzdej tunelovej rure.

RAZENIE TUNELA

Konstrukcia razeného tunela je tvorend dvojvrstvovym ostenim
(primarnym a sekundarnym) s medzilahlou drendZnou a ochran-
nou vrstvou a plosnou hydroizolaciou. Razenie bude prebiehat
podla zasad Novej rakiskej tunelovej metody. NRTM je cyklicka
metdda razenia, pri ktorej sa horninovy masiv zatrieduje do vy-
strojovacich tried, navrhnutych a oznacenych v stlade s TP 021
Vystrojovacie triedy — Cast 1: Cyklické razenie. Navrhnuté vy-
strojovacie triedy, ako aj ich predpokladané zastiipenie v trase ra-
zeného tunela Okruhliak st uvedené v tabulke 2.

Pri vSetkych vystrojovacich triedach sa ¢elba deli na kalotu, stu-
peni a spodnt klenbu. Vzhladom na zastipenie hornin nachylnych
na napucanie je v trase tunela spodnd klenba navrhnuta po celej
jeho diZke. Na obr. 5 a 6 je znazorneny postup razenia a vystroje-
nia v najviac zastipenej vystrojovacej triede VT V — S2.

Konstrukcia primarneho ostenia pozostava zo striekaného bet6-
nu, vystuznych prvkov (pritova ocelova vystuz, zvarané ocelové
siete, ocelové priechradové nosniky), systé-
mového radidlneho kotvenia a z opatreni pre
stabilizdciu obrysu vyrubu, nadlozia a Celby
(kotvenie, ihlovanie a mikropilotové dazd-

In all excavation support classes, the
excavation face is divided into top heading,
bench and invert. Due to the presence of
ground susceptible to swelling, the invert is
designed along the entire length of the tunnel. Figures 5 and 6
show the excavation and support system in the most frequently
represented support class VT V — S2.

The structure of the primary lining consists of shotcrete,
reinforcing elements (steel rebar, welded steel mesh, steel lattice
girders), radial anchoring system and measures for stabilizing
the contour of the excavation, overburden and face (anchoring,
needling and micropile umbrellas). Due to the geological
conditions, it is assumed that the rocks will be mainly broken
mechanically by means of tunnel excavators. In the sections made
up of fresher and stronger rocks, the rock will be broken by means
of drilling and blasting. Sandvik drilling rig will be deployed to
drill boreholes for the charges as well as for the installation of
excavation support elements (anchors, needles, micropiles). The
removal of the broken rock will be carried out by wheeled front-
end loaders into dump trucks, which will transport the rubble to
the designated location. After breaking and removing the rock,
the supporting phase or installing the primary lining will follow.
Sprayed concrete will be applied using MEYCO Potenza shotcrete
placer truck with a theoretical capacity of 20m? of sprayed
concrete/hour.

Due to the need for concurrent excavation from both portals,

Tab. 4 Skladba konstrukcie cementobetonovej vozovky v tuneli Okruhliak

niky). Vzhladom na geologické pomery sa

predpoklada prevazne mechanické rozpojo-

vanie hornin pomocou tunelovych bagrov.

V usekoch tvorenych zdrav§imi a pevnejS$imi

horninami bude rozpojovanie hornin realizo-
vané pomocou vrtno-trhacich prac. Na vita-
nie vyvrtov pre ndloZe, ale aj pre aplikdciu
zabezpecCovacich prvkov (kotiev, ihiel, mik-

Konstrukéna vrstva Hrubka vrstvy Norma

CB | (H) betén C30/37 — XF4 (SK) — Dmax32 100 mm STN 736123
CB | (S) beton C30/37 — XF4 (SK) — Dmax32 150 mm STN 736123
GTX netkana geotextilia 500 g/m? 2,5 mm STN EN ISO 9864
Cementom stmelena zmes CBGM C5/6 22 160 mm STN 73 6124 -1
Nestmelené vrstva zo trkodrviny UMSD; 31,5 (45) GC min. 160 mm STN 736123
Celkom min. 572,5 mm

Table 4 Composition of the cement concrete roadway structure in the Okruhliak tunnel

ropilot, ddZzdnika) budd nasadené vrtné vozy

Sandvik. Odtazba rozpojenej horniny bude

realizovana Celnymi kolesovymi naklada¢mi

do dumprov, ktoré ribaninu vyvezi na urené

miesto. Porozpojeni a odtaZeni nasleduje faza

vystuZovania, resp. budovania priméarneho

Structural layer Layer thickness Standard
CB I (H) concrete C30/37 — XF4 (SK) — Dmax32 100mm STN 736123
CB I (S) concrete C30/37 — XF4 (SK) — Dmax32 150mm STN 736123
GTX nonwoven geotextile 500g/m? 2.5mm STN EN ISO 9864
Cement unbound mixture CBGM C5/6 22 160mm STN 73 6124 -1
Unbound layer of crushed gravel UMSD; 31,5 (45) GC min. 160mm STN 73 6123
Total Min. 572.5mm
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Tab. 5 Predpokladané mnoZstvd nosnych materidlov a vytaZenej horniny

Tuel

Table 5 Expected quantities of supporting materials and excavated ground

Material Merna jednotka Mnozstvo Material Measuring unit Quantity/Volume
Vyrazena hornina m3 394 240 Excavated ground m? 394 240
Hornina z vykopov m? 71137 Ground from trenches m?3 71137
Striekany betdn m3 59 782 Shotcrete m? 59 782
Zaistovacie prvky — kotvy ks 60 000 Support elements — anchors ks 60 000
Mikropiloty m 23 450 Micropiles m 23 450
Ocel t 18173 Steel t 18173
Beton m? 112 800 Concrete m?3 112 800

ostenia. Striekany betén bude aplikovany pomocou striekacich
zariadeni MEYCO Potenza s teoretickym vykonom 20 m?® strie-
kaného beténu/hod.

Vzhladom na potrebu razenia sticasne z oboch portdlov, teda
v Styroch Celbach, bude potrebné nasadenie velkého poctu zamest-
nancov, ako aj strojno-technického vybavenia. Na razeni sa bude
pracovat v nepretrzitej prevadzke 24 hodin denne 7 dni v tyZdni.
V procese razenia tunela sa na priprave, organizacii a realizécii
bude podielat 23 technickych pracovnikov, 130 tunelarov a pod-
pornych pracovnikov, 26 pracovnikov strojnej a elektro udrzby,
subdodavatelia na geodetické merania a geotechnicky monitoring.

SEKUNDARNE OSTENIE

Definitivnu nosnu konstrukciu razeného tunela tvori sekundarne
ostenie, ktoré pozostdva z dvoch zakladnych Casti — zo spodnych
a hornych klenieb.

V tuneli Okruhliak si v zavislosti od horninového prostredia
navrhnuté tri zékladné typy tvaru sekundarneho ostenia. Tvar
S1 je uvazovany v horninovom prostredi s lep§imi parametrami
hornin. Pouzitie tvaru S2 je predpokladané v priportalovych tse-
koch, v tseku pri nidzovom zélive a v horninovom prostredi tvo-
renom ilovcami, sliefiovcami a prachovcami horsich pevnostnych
parametrov. V nudzovych zalivoch bude pouZity osobitny tvar.
Vzorové priecne rezy typu S1 a S2 st zndzornené na obr. 7.

Ako zdkladové konStrukcie sekundarneho ostenia st navrhnuté
spodné klenby zo Zelezobetdnu triedy C25/30 — XC3, XF2, XA2 -
C10,20 — Dmax16 — S4. Minimalna hribka spodnej klenby pre typ
S1je 657 mm, pre typ S2 je to 923 mm a pre typ NZ je to 616 mm.
Horné klenby sekundédrneho ostenia st navrhnuté zo Zelezobeto-
nu triedy C30/37 (35/45, 40/50) — XC3, XF2(4)(SK) — C1 0,20 —
Dmax16 — S4. Ostenie tunela bude z viacerych typov vystuZenia
v zavislosti od kvality horninového masivu v mieste konkrétneho
bloku tunela. Standardna diZka bloku je 12 m. Minimalna hrdbka
sekundédrneho ostenia je 350 mm v tvare S1, 500 mm v tvare S2
a 550 mm v tvare NZ.

Realizacia sekundarneho ostenia za¢ne po vyrazeni zhruba
% dizky tunelovych rir. Zagiatok betoniZe bude rovnako ako pri
razeni od zédpadného portdlu smerom na vychod v oboch tunelo-
vych rarach. Na realizéciu betonovych klenieb spolo¢nost TuCon
pouZzije dve zostavy Specidlnych vozov (vyspravkovy, armovaci,
debniaci voz, obr. 8), ktoré ma vo vlastnictve.

Pred armovanim hornych klenieb sa bude realizovat medzilahla
izoldcia medzi primdrnym a sekundarnym ostenim. Spolu s budo-
vanim spodnych klenieb sa bude taktiez realizovat drendZne od-
vodnenie tunela, ktoré pozostava z postrannych drenazi za rubom
ostenia a zo stredového zberaca. V pripade priaznivych vysledkov
hydrogeologického prieskumu a v sdvislosti s predchadzajicimi
skisenostami Zhotovitela s vystavbou tunelov v okoli PresSova je

i.e. in four excavation faces, the deployment of a large number of
personnel as well as machinery and technical equipment will be
necessary. The excavation will be carried out on a 24-hour-a day,
7-day-a-week basis. In the tunnelling process, 23 technical
employees, 130 tunnellers and support workers, 26 mechanical and
electrical maintenance workers, subcontractors for land surveying
and geotechnical monitoring will be involved in the preparation,
organization and execution of the tunnelling.

SECONDARY LINING

Thefinalload-bearing structure of thebored tunnelisthe secondary
lining, which consists of two basic parts —the lower and upper vaults.
In the Okruhliak tunnel, three basic types of secondary lining
geometry are designed depending on the ground environment.
The S1 shape is considered for ground environments with better
ground parameters. The use of S2 shape is foreseen in the near-
portal sections, in the section near the emergency lay-by and in the
rock environment consisting of claystone, siltstone and siltstone
with worse strength parameters. A special geometry will be used
in the emergency lay-bys. Sample cross sections of type S1 and
S2 are shown in Figure 7. Typical cross-sections are demonstrated
in Fig. 7.

Inverts for reinforced concrete class C25/30 — XC3, XF2, XA2
—C10,20 — Dmax16 — S4 are designed as the foundation structures
of the secondary lining The minimum thickness of the invert for
type S1 is 657mm, for type S2 it is 923mm and for type NZ it is
616mm. The upper vaults of the secondary lining are designed in
reinforced concrete class C30/37 (35/45, 40/50) — XC3, XF2(4)
(EN) — CI1 0,20 — Dmax16 — S4. The tunnel lining will be carried
out using several types of reinforcement depending on the quality
of the ground mass at the location of the specific tunnel block. The
standard length of the block is 12m. The minimum thickness of
the secondary lining is 350mm for S1 shape, 500mm for S2 shape
and 550mm for NZ shape.

The work on the secondary lining will start after about 34 of the
tunnel tubes lengths have been excavated. The start of concrete
pouring will be the same as for the excavation from the western
portal towards the eastern portal in both tunnel tubes. TuCon will
use two sets of special trucks (repair, reinforcement, formwork truck,
Fig. 8), which it owns by itself, to complete the concrete vaults.

Before installing the reinforcement of the upper vaults, the
intermediate waterproofing between the primary and secondary
linings will be placed. Along with the work on the inverts, the
tunnel drainage, the design of which consists of side drains behind
the external surface of the lining and also a central collector, will
also be carried out. If the hydrogeology is favorable, and in line
with the contractor’s previous experience with tunnel construction
in the PreSov area, this is possible, the diameter of the side
drainage pipes will be increased and the central collector will be
abandoned.




mozné, ze dojde k zvicSeniu priemeru postrannych drendznych
rur a upusti sa od realizacie stredového zberaca.

Vypustenim stredovej drendZe by sa zniZilo riziko poSkode-
nia vozovky okolo drenaZnych S$acht, ¢o ma za nésledok niZSie
prevadzkové ndklady pocas uZivania diela. TaktiezZ by sa znizili
ndklady na Cistenie stredového zberaca a zniZilo by sa riziko za-
naSania postrannych drendZnych rir vplyvom zvySenia objemu
odvéadzanych horninovych vod.

OSTATNE STAVEBNE OBJEKTY

Sucasne s postupom betonaze sekundarneho ostenia zhotovitel
zacne s realizdciou obrubnikov a Strbinovych Zlabov. Tieto prvky
st stucastou odvodnenia vozovky a samotnej vozovky. Vybudova-
nie tychto konStrukcii vytvori priestor pre ukladanie a naslednud
betondz kablovych chréniciek, v ktorych budid vedené vysoko-
a nizkonapétové kéble. S betondZou chraniCiek zaroven vznikne
kandl pre potrubie poZiarneho vodovodu. Poziarny vodovod za-
bezpeci vodu na hasenie poziaru. Je navrhnuty v stlade s TP 099
ProtipoZziarna bezpecnost cestnych tunelov na potrebu vody pre
hasenie v objeme 20 1/s. Vodovod bude trvale zavodneny a potreb-
ny prevadzkovy tlak 0,6 az 1,0 MPa zabezpeci automaticka tlako-
va stanica. Sucastou objektu poziarneho vodovodu je aj poZiarna
nadrz s objemom 190 m®, vodovodna pripojka, odberné miesta —
hydranty a automatické vzdusSniky.

V tuneli Okruhliak je navrhnutd vozovka s dvojvrstvovym ce-
mentobeténovym krytom s povrchom s obnaZzenym kamenivom.
Skladba vozovky je uvedena v tab. 4.

Pocas vystavby tunela Okruhliak bude treba vytaZent horninu
premiestnit na potrebné miesto v radmci stavby, kde sa pouZzije do
konstrukénych vrstiev ndsypovych telies. Zhotovitel uvazuje so
stopercentnym vyuZitim vytazenej horniny. Predpokladané mnoz-
stva nosnych materidlov na vystavbu tunela Okruhliak, ako aj ob-
jem vytazenej horniny, st uvedené v tab. 5.

ZAVER

Tunel Okruhliak, zaradeny medzi stredne dlhé tunely, po dokon-
¢eni bude spliiiat §tandardy tunelov rychlostnej cesty. Zdalo by sa,
Ze v podmienkach Slovenskej republiky ¢asto pouzivana cyklicka
Nova rakiska metdda razenia a vystavby tunela by mala byt pre
skiseného zhotovitela pri danych parametroch prie¢neho priere-
zu a dizky tunela rutinou. Jeho realizcia v danych geologickych
podmienkach s vyskytom napucavych hornin, v harmonogramom
stanovenom Case a za cenu, za ktord bol projekt vysitazeny, vSak
vobec nebude lahka.

Spolu s moZnosfou a zimerom zhotovitela pontiknut objednava-
telovi zlepSovacie navrhy, ktoré by pomohli financne zefektivnit
naklady na vystavbu, to bude aj pre skuseného a zodpovedného
zhotovitela urcite vyzvou.

Ing. ANTON PETKO, PhD., anton.petko@tucon.sk,
Ing. MICHAL MARICAK, michal.maricak@tucon.sk,

TuCon, a. s.

Recenzoval Reviewed by: Ing. Petr Hybsky
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Deleting the central collector would reduce the risk of damage
to the carriageway around the drainage manholes, resulting in
lower operating costs during the use of the works. It would also
reduce the cost of cleaning the central collector and reduce the risk
of clogging of the side drains due to the increase in the volume of
ground water being discharged.

OTHER CONSTRUCTION OBJECTS

Concurrently with the concreting progress on the secondary
lining, the contractor will start to carry out the curbs and slotted
gutters. These elements are part of the roadway drainage and the
roadway itself. The construction of these structures will create
space for the laying and subsequent concreting of the cable
protection pipes in which the high- and low-voltage cables will
be led. At the same time, the concrete of the protecton pipes will
create a duct for the fire water pipeline. The fire water pipeline will
provide water for firefighting. It is designed in accordance with
TP 099 Fire safety of road tunnels for a fire water requirement
of 20L/s. The water main will be permanently wet and the
required operating pressure of 0.6 to 1.0MPa will be provided by
an automatic pressure station. The development of the fire water
supply system also includes a fire water reservoir with a volume
of 190m?, a water supply connection, hydrants and automatic air
relieve valves.

In the Okruhliak tunnel, a roadway with a two-course cement
concrete cover with a with exposed aggregate surface is designed.
The composition of the pavement is presented in Table 4.

During the construction of the Okruhliak Tunnel, the excavated
ground will have to be moved to the appropriate location within the
construction site, where it will be used in the structural layers of
the embankment bodies. The contractor envisages a 100% use of
the excavated ground. The estimated quantities of the supporting
materials for the construction of the Okruhliak tunnel, as well as
the volume of excavated ground, are given in Table 5.

CONCLUSION

The Okruhliak Tunnel, classified as a medium-length tunnel,
will meet the standards of expressway tunnels when completed.
It would seem that the cyclical New Austrian Method of tunnel
excavation and construction, often used in the Slovak Republic,
should be routine for an experienced contractor given the
parameters of the tunnel cross-section and the length. However, it
will not be easy to build it in the given geological conditions with
the presence of swelling ground, within the time schedule and at
the price for which the project was tendered.

Together with the contractor’s ability and intention to offer
the client improvement proposals that would help make the
construction costs more financially efficient, this will certainly be
a challenge even for an experienced and responsible contractor.

Ing. ANTON PETKO, PhD., anton.petko@tucon.sk,
Ing. MICHAL MARICAK, michal.maricak@tucon.sk,
TuCon, a. s.

[1] R4 PRESOV. Rychlostnd cesta R4 Presov — severny obchvat Il etapa (km 4,3 — 14,5). Dokumentécia na realizdciu stavby. 2020.
83 s. Dostupné z: https://www.uvo.gov.sk/vyhladavanie/vyhladavanie-dokumentov/download/3216964/1312650?cHash=f3ac4a-

200750bd91f2d61592fd1029f [cit. 2023-01-24]
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REKONSTRUKCIA BRATISLAVSKEHO TUNELA €. 2
RECONSTRUCTION OF THE BRATISLAVA TUNNEL NO. 2

LUKAS ZATKULIAK

ABSTRAKT

Cielom cldnku je pribliZit rozsah rekonStrukcnych prdc v Bratislavskom tuneli ¢. 2 a zvolenii technologiu, ktord sa pri nich pouZila.
Trat Devinska Novd Ves — Stiirovo sa nachddza na IV. koridore a vytvdra spojenie medzi Viediiou a Prahou cez Bratislavu do Budapesti,
pricom sa Bratislavskymi tunelmi ¢. 1 a 2 prekondva masiv pohoria Malé Karpaty. Bratislavsky tunel ¢. 2 sa zacal razit 15. decembra roku
1900 a dokonceny bol v roku 1902. Z juznej strany susedi s historickym Bratislavskym tunelom . 1, ktory je najstarsim Zeleznicnym tune-
lom nielen na Slovensku, ale i v celom byvalom Uhorsku. Oba tunely a ich portdly su siicastou celku evidovaného ako Ndrodnd kultiirna
pamiatka SR. Spolocnost TuCon, a. s. zahdjila rekonstrukcné prdce v tuneli ¢ 2 v auguste roku 2022. KedZe ide o stavbu na existujiicej
Zeleznicnej infrasStruktiire, prdce bolo nutné vykondvat vyhradne vo vylukdch. Okrem samotnej sandcie kamenného ostenia tunela sa
vykonala aj montdz nového trakéného vedenia, svetelnych ndvestidiel, prevdadzkového a niidzového osvetlenia. V rdmci rekonStrukcie sa
pristipilo tieZ k vimene kolajnicovych pdsov a kdblového elektrického vedenia 6 kV, k obnove portdlovych ciel P1 a P2 a k dobudovaniu
povrchovych konstrukcii v nadportdlovej oblasti tunelov. Prdce boli v jiini 2023 iispesSne ukoncené.

ABSTRACT

The aim of the article is to present the extent of the reconstruction works in the Bratislava tunnel no. 2 and the used technology. The line
Devinska Novd Ves — Stiirovo is located on IV. corridor and it is a connection between Vienna and Prague via Bratislava to Budapest, while
the Bratislava tunnels no. 1 and 2 run through the Malé Karpaty massif. Bratislava tunnel no. 2 construction started on December 15,
1900 and was completed in 1902. On the south side, it is adjacent to the historic Bratislava Tunnel No. 1, which is the oldest railway
tunnel not only in Slovakia, but also in the entire former Austro — Hungarian Empire. Both tunnels and their portals are part of a complex
registered as a National Cultural Monument of the Slovak Republic. The company TuCon, a. s. started reconstruction work in tunnel no. 2
in August 2022. Since the tunnel was part of existing railway infrastructure, the work had to be carried out in time periods during which
the railway operations were interrupted. In addition to the rehabilitation of the tunnel’s stone masonry lining, the installation of a new
electric traction, light signals, operational and emergency lighting was also carried out. As part of the reconstruction, the replacement of
rails, and 6 kV cable power lines, the restoration of portals P1 and P2, and the completion of surface structures in the above-portal area
of the tunnels were also started. The works were successfully completed in June 2023.

1. UvoD 1. INTRODUCTION

Bratislavsky tunel €. 2 je elektrifikovany (AC 25 kV 50 Hz), jed- Bratislava tunnel no. 2 is an electrified (AC 25kV 50Hz), single-
nokolajny tunel, nachadzajici sa v defini¢nom dseku 05 ZST Bra- track tunnel, located in section 05 ZST Bratislava main station
tislava hlavna stanica (obr.1). Bol razeny klasickou rakuskou tune- | (Fig. 1). It was excavated using the classic Austrian tunneling
lovacou metddou (vtedy tzv. ,,modernou‘ ¢i ,,modifikovanou®), vo method (then called “modern” or “modified”), in mostly weathered
zvicSa zvetranej hornine, v oblasti portidlu P2 znacne zavodnenej. | rock, in the area of the P2 portal, which was heavily waterlogged.

V priebehu vystavby doSlo prave v oblasti portdlu P2 k rozsiahlemu | During construction, a large-scale collapse occurred precisely in
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Obr. 1 Situdcia — Bratislavské tunely
Fig. 1 Situation — Bratislava tunnels




zavalu vplyvom dlhotrvajicich dazdov, coho vysledkom bolo skra-
tenie oboch tunelov o cca 110 m. Svojim vekom 120 rokov patri
Bratislavsky tunel ¢. 2 k najstar$im tunelom na Slovensku. Z cel-
kového poctu 75+2 tunelovych blokov je 43 z dovodu zvySenych
horninovych tlakov vystrojenych spodnou klenbou. Tunelové oste-
nie v klenbovej Casti dosahuje hribku 550 az 750 mm a je tvorené
z kvadrového muriva z prevazne miksich druhov skalnej horniny
(vapenec, trachyt, porézny travertin alebo zlepenec). Opora tunela
je masivna, hribky 1000 az 1600 mm, tvorena z nepravidelne opra-
covanej tvrdej Zuly.

Tab.1 Zdkladné technické iidaje stavby
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the area of the P2 portal due to prolonged rains, which resulted in
the shortening of both tunnels by approx. 110m. With its age of
120 years, the Bratislava tunnel no. 2 belongs to the oldest tunnels
in Slovakia. Of the total number of 75+2 tunnel blocks, 43 are
equipped with an invert vault due to increased rock pressures. The
tunnel lining of the invert vault reaches a thickness of 550 to 750mm
and is made of stone masonry from predominantly softer types of
rock (limestone, trachyte, porous travertine or conglomerate). The
tunnel abutments are massive, 1000 to 1600mm thick, made of
irregularly chiseled hard granite.

Tab.1 Basic technical data of the structure

Bratislavsky tunel ¢.2

Typ tunela jednokolajny
Dizka tunela 595,8 m
Z toho razend cast 586,7 m
Z toho hibené éast 9,1m
Pozdizny sklon 9,20 %o a 6,70 %o

v smere na bratislavsku stranu klesa
Pocet kolaji 1
Pocet tunelovych rar 1
Pocet prepojovacich chodieb 1
Vyska priechodového prierezu 4,85m
Max. vy$ka nadloZia 22m

2. DOVOD REKONSTRUKCIE

Stavba sa nachadza v geologickom prostredi pohoria Malé
Karpaty. V nadlozi tunela sa nachddza slienovita bridlica, vrstvy
kaolinu a roztrisené tvrdSie horniny, ako je Zula alebo pegmatit.
Vzhladom na znacne rozrusené nadloZie sa voda vyskytuje tak-
mer v celej dizke tunela. Preto uZz povodné rieSenie odvodnenia

Obr. 2 Stav Bratislavského tunela ¢. 2 pred rekonstrukciou
Fig. 2 Condition of the Bratislava tunnel no. 2 before reconstruction

Bratislava tunnel no. 2

Tunnel type single track
Tunnel length 595.8m
Underground part 586.7m
Cut and cover part 9.1m
Longitudinal slope 9.20%0 a 6.70%o

decreasing towards Bratislava side
Number of tracks 1
Number of tunnel tubes 1
Number of crosspassages 1
Height of the tunnel clearance 4.85m
Max. height of overburden 22m

2. REASON FOR RECONSTRUCTION

The structure is located in the geological environment of the Malé
Karpaty mountain range. The overburden of the tunnel contains
marly shale, layers of kaolin and scattered harder rocks such as
granite or pegmatite. Due to the significantly disturbed overburden,
water occurs almost along the entire length of the tunnel. That’s
why the original drainage solution provided for waterproofing of
asphalt strips and longitudinal drainage, supplemented by vertical
culverts, 20 x 20cm, behind the lining. Due to persistent leaks,
several construction modifications were carried out in the tunnel
no. 2, in the past. In 1966, as part of the preparations for the
electrification of the Devinska Nova Ves — Stiirovo line, shotcrete
with an average thickness of 100 mm, anchored to a steel mesh,
was applied to the tunnel vault along its entire length. As part of
the reconstruction of tunnel no. 2 in 2008, a slab trackway with
a railway was built, as well as a new central drain @ 250mm with
side drains, in the distance of 160mm from the lining. Despite
these measures, water seepage through the stone masonry lining
(especially in the tunnel vault) increased over time, which led to
peeling of the old shotcrete coating (Fig. 2), to falling of water-
saturated stone blocks or to the leaching of cement material from
the lining joints, which threatened the safety of the passengers
and the continuity of railway service. Likewise, the components
of the railway superstructure and the traction were damaged due
to moisture and regular flooding, and icing in the winter, which
had a negative impact on their service life and thus increased the
financial costs of routine maintenance.

3. RECONSTRUCTION WORKS

Following the problems described above, a set of remedial
measures and assembly work had to be carried out in the tunnel.
The investor is the state owned company, Railways of the
Slovak Republic, and the designer responsible for the project
documentation is Valbek SK Company, Ltd. The 10 months period
of reconstruction works was determined by the contract. The works
on the railway infrastructure were divided into three closure periods
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pocitalo s rubovou izoliciou z asfaltovych pasov a pozdiZznou
drenazou, doplnenou o zvislé zvodnice za ostenim s rozmerom
20 x 20 cm. Z dovodu pretrvavajucich priesakov boli v minulos-
ti v tuneli ¢. 2 vykonané viaceré stavebné tpravy. V roku 1966,
v rdmci priprav elektrifikcie trate Devinska Novd Ves — Stirovo,
bol v klenbe tunela na celd jeho dizku aplikovany striekany be-
ton v priemernej hribke 100 mm, kotveny na ocelovu sietovinu.
V ramci rekonstrukcie tunela ¢. 2 v roku 2008 bola vybudovana
pevna jazdna draha so Zelezniénym zvrSkom a tieZ nova stredova
stoka @ 250 mm s bo¢nymi drenaZzami @ 160 mm pred licom os-
tenia. Napriek tymto opatreniam sa priesaky vody cez kamenné
ostenie (najmi v klenbovej Casti tunela) v ¢ase zvySovali, ¢o vied-
lo k odlupovaniu starého torkrétového nastreku (obr. 2), k vypa-
déavaniu vodou nasytenych kamennych kvadrov ¢i k vyplavovaniu
cementového materidlu zo sty¢nych $kar ostenia, Co ohrozovalo
bezpecCnost cestujiicej verejnosti a plynulost Zelezni¢nej pre-
vadzky. Rovnako sa vplyvom vlhkosti a pravidelnym zatdpanim,
v zimnom obdobi zaladnenim, poSkodzovali komponenty Zelez-
ni¢ného zvrsku a trakéného vedenia, ¢o malo negativny dopad
na ich Zivotnost a navySovali sa tak finan¢né naklady na beznu
udrzbu.

3. REKONSTRUKCNE PRACE

V nadviznosti na vyssie opisané problémy sa musel v tuneli vy-
konat sibor sanacnych opatreni a montaznych préc. Investorom
stavby je Statny podnik Zeleznice Slovenskej republiky a spracova-
telom projektovej dokumenticie firma Valbek SK, spol. s. r. 0. Ob-
dobie realizacie rekonStrukénych prac bolo uréené zmluvou o dielo
na 10 mesiacov. Prace na Zelezni¢nej infraStruktire boli rozdele-
né do troch nepretrzitych vyluk N1, N2 a N3, v priebehu ktorych
bola vzdy prejazdna aspon jedna z tunelovych rir, a to s ohfadom

TuNel

N1, N2 and N3 of no train service, during which at least one of the
tunnel tubes was always open for traffic, with regard to the artistic
and craft restoration of the portals P1 and P2, which affected the
operation of the tunnel no. 1.

Based on the request of the tunnel operator, work on the railway
infrastructure during closure periods was carried out exclusively
with the HV cable turned off, which was routed in the trough of
tunnel no. 2.

3.1 N1 closure period

The works started during the closure period of tunnel no. 1,
which lasted 28 days. During this period, it was necessary to carry
out artistic and craft restoration on half of the areas of the portals
P1, P2, adjacent walls and the new 6kV power line 550m long
from the side of the Lamac railway station with a connection to the
existing cable running from the Bratislava main railway station.
The material composition of the tunnel portals on the Lamac side
is mainly made of sandstone and limestone, while the Bratislava
side portals are made of more durable trachyte materials from tuff
quarries. The artistic-craft restoration consisted in the removal of
unwanted vegetation and loose parts of the stone wall and masonry
joints, blasting the surface with Sponge Jet dust-free technology
and cleaning with pressurized water. After the cleaning process was
completed, the loosened and fallen parts of the portal were replaced
with sealants with mineral filler, anchored to the metal armature in
an anti-corrosion treatment, which were artistically modeled. At
the same time, the joints were filled with ash-lime joint mortar in
the upper parts of the portals and expanding thixotropic mortar in
the lower area of the portals. The masonry prepared in this way was
subsequently sealed by chemical injection. A fast-hardening two-
component polyurethane-based resin was used for these purposes.

Obr. 3 Obnovend plocha portdlu P1 v okoli Bratislavského tunela ¢. 1 po vyluke N1

Fig. 3 Renewed area of portal PI in the vicinity of Bratislava tunnel no. 1 after the N1 closure period




na umelecko-remeselni obnovu portalovych ciel P1 a P2, kto-
rd svojim rozsahom vzdy zasahovala do prevadzky vedlajsieho
tunela.

Prace na Zeleznicnej infrastruktire pocas nepretrzitych vyluk sa
na zaklade poZiadavky spravcu tunela vykondvali vyhradne pri vy-
pnutom VN kabli, ktory bol vedeny v Zlabe tunela ¢. 2.

3.1 Nepretrzita vyluka N1

Prace boli zahdjené nepretrzitou vylukou tunela €. 1, ktora trvala
28 dni. Pocas tejto vyluky bolo potrebné vykonat umelecko-reme-
selnd obnovu na polovici ploch portdlovych ¢iel P1, P2, prilah-
lych miiroch a realizaciu nového elektrického vedenia 6 kV dizky
550 m zo strany ZST Lamac s napojenim na existujiici kdbel ve-
deny od Zelezni¢nej stanice Bratislava, hlavnd stanica. Materia-
lova skladba tunelovych portilov z Lamacskej strany je tvorena
prevazne z pieskovcov a vapencov, zatial ¢o Bratislavskd strana
portalov z odolnejsich trachytovych materidlov z tufovych lomov.
Umelecko-remeselna obnova spocivala v odstrdneni neziaduce;j
vegetdcie a uvolnenych casti kamennej obmurovky a sty¢nych
Skar muriva, otryskani povrchu bezprasnou technolégiou Sponge
Jet a ocisteni tlakovou vodou. Po ukonceni Cistiacich procesov sa
pristipilo k ndhrade uvolnenych a vypadanych Casti portdlu tmel-
mi s minerdlnym plnivom, kotvenymi na kovovi armatiru v an-
tikoréznej tprave, ktoré sa umelecky domodelovali. Zarover sa
vyplnili Skary trasovo-vapennou Skdrovacou maltou v hornych
Castiach portdlov a rozpinavou tixotropnou maltou v spodnej
oblasti portalov. Takto pripravené murivo bolo nédsledne plo$ne
utesnené chemickou injektaZou. Na tieto ucely sa pouZila rych-
lotvrdnica dvojzloZkova Zivica na baze polyuretdnu. InjektaZne
vrty mali priemer 10 mm a diZku 450 mm. Rozostupy vrtov vo
vodorovnych linidch boli cca 0,66 m, vo zvislych linidch vZdy
zaviseli od skuto¢nej polohy danej $kdry kamenného muriva. Po
ukonceni chemickej injektdZe sa povrch muriva ru¢ne ocistil a fa-
rebne vyretuSoval lazirnym niterom. Nakolko sa stavba bliZila do
zimného obdobia, dokoncenie restauratorskych prac sa presunulo
do vyluky N3 planovanej do teplého obdobia. Celkovo sa podarilo
za toto obdobie zrestaurovat plochy o vymere 424,4 m* Obnovenu
plochu portalu P1 v okoli Bratislavského tunela ¢. 1 dokumentuje
obr. 3.

3.2 Nepretrzita vyluka N2

Stavebné a montazne prace v tune-
li ¢. 2 boli zacaté koncom septembra
roku 2022 nepretrzitou vylukou N2,
ktora trvala 231 dni. Prace sa zacali
demontdzou podvodného trakéného
vedenia, kablovych rozvodov osvet-
lenia a zabezpeCovacieho zariade-
nia. Po demontaZi sa na celd dizku
tunela zhotovila ochrana kolajového
zvrsku vydrevou a geotextiliou pred
jeho znecistenim a znehodnotenim.
Celkovo bolo pouZitych 165 m?
smrekového reziva. Nésledne sa
mohol zacat odstrafiovat stary strie-
kany beton z klenby tunela. Pre tito
¢innost bol pouZzity hydrodemolac-
ny robot Aquacutter 710 V s vyso-
kotlakovou pumpou, ktory dokéze
vyvinat vodny lu¢ s tlakom az do
4000 barov (obr. 4).

Obr. 4 Odstrdnenie starého torkrétového ndstreku z oste-
nia tunela hydrodemolac¢nym robotom Aquacutter 710 V
Fig. 4 Removal of old shotcrete from the tunnel lining
with the hydrodemolition robot Aquacutter 710V
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Injection drillholes had a diameter of 10mm and a length of 450mm.
The horizontal spacing of the drillholes was approx. 0.66m, the
vertical spacing always depended on the actual position of the
given stone masonry joint. After finishing the chemical grouting,
the surface of the brickwork was handcleaned and retouched with
a lacquer coating. As the construction was approaching the winter
period, the completion of the restoration work was moved to the N3
closure period planned in the warmer season. In total, during this
period, it was possible to restore areas with an area of 424.4m?. The
renewed area of portal P1 in the vicinity of Bratislava tunnel no. 1
is shown in Fig. 3.

3.2 N2 closure period

Construction and assembly work in tunnel no. 2 started at the
end of September 2022 during the N2 closure period that lasted
231 days. The work began with the dismantling of the original
traction current line, lighting distribution cables and security
equipment. After dismantling, the entire length of the tunnel was
protected with wood and geotextiles against pollution and damage.
A total of 165m? of spruce lumber was used. Subsequently, the old
shotcrete could be removed from the tunnel vault. For this activity,
the hydrodemolition robot Aquacutter 710V with a high-pressure
pump was used, which can develop a water jet with a pressure of
up to 4000 bars (Fig. 4).

The advantage of deploying this robot was that simultaneously
with hydrodemolition, the process of removing loose parts of
the tunnel lining, as well as the process of deep grouting, could
take place by simply adjusting the pressure of the water jet.
This optimization freed up time for other work operations. By
exchanging the nozzle, the demolition robot was also used to
clean the stone wall from deposits, soot and other impurities. After
removing the concrete and cleaning the lining, the joints between
the stone blocks were cut to the required depth of 80mm with
a hand-held electric tool and rinsed with a water pressure washer at
a pressure of up to 500 bar. The joints were subsequently filled with
an expanding thixotropic mortar preventing water seepage. In total,
grouting was carried out on an area of 8,116.60m> The fallen parts
of the tunnel lining were replaced with fibre-reinforced thixotropic

Obr. 5 Plombovanie vypadnutych kvddrov tunelového os-
tenia sanacnou hmotou

Fig. 5 Sealing of fallen blocks of the tunnel lining with
repair material
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dizka tunelového pasu: 5,00 m

length of tunnel section: 5.00m

licna plocha ostenia klenby: A, = 2x4,10x5,00 = 41,00 m?
face area of the lining vault: A, = 2x4.10x5.00 = 41.00m?
licna plocha ostenia opor: Aop = 2x3,40x5,00 = 34,00 m?
face area of abutments: Aap = 2x3.40x5.00 = 34.00m?

Obr. 6 Injektdzna schéma pre tunelovy blok ¢. 3
Fig. 6 Injection scheme for tunnel section No. 3

Vyhodou nasadenia tohto robota bolo, Ze sucasne s hydrodemo-
laciou mohol jednoduchou upravou tlaku vodného luca prebiehat
aj proces odstranenia uvolnenych Casti tunelového ostenia, aj pro-
ces hibkového vyskarovania. Touto optimaliziciou sa ziskal ¢as na
iné pracovné operdcie. Zdmenou koncového zariadenia sa demo-
la¢ny robot vyuzil aj na oCistenie kamennej obmurovky od usade-
nin, sadzi a inych necistot. Po odstraneni betonu a oCisteni ostenia
sa ru¢nym elektrickym naradim $kdry medzi kamennymi kvadra-
mi vysekali na projektom pozadovand hibku 80 mm a vyplach-
li vodnym tlakovym ¢isti¢om s tlakom do 500 barov. Skary boli
nésledne vyplnené rozpinavou tixotropnou maltou zabratiujicou
vodnym priesakom. Celkovo sa Skarovanie zrealizovalo na ploche
8 116,60 m>. Vypadnuté Casti tunelovej obmurovky sa nahradili
vldknami vystuZenou tixotropnou hmotou na baze cementu, ktord
sa na povrch ostenia aplikovala torkrétovacim strojom (obr. 5).
Pre lepSiu sudrznost starého muriva s aplikovanou sana¢nou hmo-
tou sa zrealizovali ocelové tine @ 10 mm chemicky ukotvené do
muriva.

Hlavnou sanac¢nou cinnostou v tuneli bola tlakova aplikacia
dvojstupriovej tesniacej injektaze (obr. 6) s pouzitim dvojzlozko-
vej polyuretanovej hmoty, ktord sa vhanala za ostenie cez injek-
tdZne obturatory umiestnené v Skarach kamenného ostenia. Prvy
stupen predstavoval preinjektovanie horninového prostredia bez-
prostredne na styku s rubom tunelového ostenia. Nakolko vrty
prvého stupiia mali @ 20 mm a dizku v klenbovej asti od 550
do 750 mm, mohli byt realizované ru¢nym akumuldtorovym né-
radim. Vrty @ 32 mm v opordch dosahovali dizku cez 1000 mm,
preto bola na ich realizdciu zvolend vrtna suprava Epiroc T15.

cement based material, which was applied to the surface of the
lining with a shotcrete machine (Fig. 5). For better cohesion of
the old masonry with the applied remedial material, steel spikes
@ 10mm chemically anchored into the masonry were installed.
The main rehabilitation operation in the tunnel was the pres-
sure application of a two-stage sealing injection (Fig. 6) using

Obr. 7 Reinjektdz? v klenbe tunela
Fig. 7 Reinjection in the tunnel vault
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Raster vrtov bol navrhnuty 1,0 x
1,0 m, pricom ich skuto¢na polo-
ha zavisela na polohe $kar ostenia.
Druhy stuperi injektaZe predstavoval
preinjektovanie samotného kamen-
ného ostenia tunela do priblizne 2/3
jeho hriabky. Aj pre tieto tcely bolo
pouZzité rucné akumulatorové nara-
die, avSak priemer vrtov bol v tomto
pripade len 14 mm. Raster vrtov vo
zvislych a vodorovnych linidch bol
0,66 x 0,66 m. V lokalitach, kde sa
po tesniacej injektdzi ukézali do-
dato¢né priesaky podzemnej vody,
bolo nevyhnutné realizovat reinjek-
taz (obr. 7) v Sachovnicovom rastri
0,33 x 0,33 m posunutom od in-
jektaznych otvorov druhého stupia
0o 100 mm. V celom tuneli vritane
portalovych ciel bolo spotrebova-
nych priblizne 390 m’ injektaZnej
zmesi.

Sucasne s injektdznymi prica-
mi sa vykondvalo niekolko dalSich pracovnych opericii. V bez-
pecnostnych vyklenkoch a v najzavodnenejSich miestach tu-
nela sa v osteni realizovali zvislé zvodnice. Tie sa najskor
zapilili stenovou pilou Husqvarna WS463 na vodiacej liSte,
vyzbijali sa ru¢nym elektrickym ndradim a nésledne sa v nich
zhotovili subhorizontdlne odvodnovacie vrty pomocou paso-
vého minibagra Bobcat s vrtnou lafetou (obr. 8). Kazdy vy-
klenok obsahoval 12 odvodiiovacich vrtov @ 76 mm s dizkou
od 6 do 12 m, do ktorych sa osadila perforovand ocelova rira
@ 60 mm.

Zvodnice sa vyustili cez PVC potrubie do existujiicej kanali-
zatnej Sachty napojenej na bo¢nu drendaz @ 160 mm v chodniku
tunela. Nasledne sa zvodnice zakryli
polystyrénom s rabicovym pletivom
a zastriekali vldknami vystuZenou
sana¢nou hmotou na hr. 50 mm
(obr. 9).

Poslednou c¢innostou sanacnych
opatreni bola aplikacia hydroizo-
lacnej elastickej membrany za-
medzujucej kvapkaniu vody na
trakéné vedenie aplikovanej do
vrcholu klenby tunela na rozvinu-
ta dizka 3,00 m v prieCnom smere.
Prace spojené s opravou a zlep-
Senim technického stavu ostenia
boli vykondvané zo Zelezni¢nych
voziiov, na ktorych bolo umiest-
nené leSenie s technickym a so-
cidlnym zazemim pre pracovnikov.
Aby bol dodrZany planovany termin
ukoncenia vyluky N2, bolo nevy-
hnutné, aby sa montdzne prace vy-
konavali sibeZne so sana¢nymi, ¢im
sa zvySili poZiadavky na organizé-
ciu a logistiku prac v tuneli. V rdmci
montaznych ¢innosti sa zrealizovalo

tight space of the safety niche

Obr. 8 Realizdcia odvodiiovacich vrtov v stiesnenych
pomeroch bezpecnostného vyklenku
Fig. 8 Implementation of drainage drillholes in the
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Obr. 9 Aplikdcia striekaného betonu na zhotovené zvod-
nice
Fig. 9 Application of shotcrete on finished culverts

a two-component polyurethane, which was injected behind the
lining through the injection obturators located in the joints of the
stone masonry lining. The first stage was done by grouting of the
rock immediately at contact with the backside of the tunnel lining.
As the first stage boreholes had @ 20mm and a length in the vault
from 550 to 750mm, they could be drilled with a hand-held battery
tool. Drilling @ 32mm in the abutments reached a length of over
1000mm, therefore the Epiroc T15 drill rig was used. The grid of
the drills was designed to be 1.0 x 1.0m, while their actual position
depended on the position of the lining joints. The second stage of
injection consisted of injecting the stone masonry lining of the tunnel
to approximately 2/3 of its thickness. Hand-held cordless tools

Obr. 10 Bratislavsky tunel ¢. 2 po ukoncenych rekonstrukcnych prdacach
Fig. 10 Bratislava tunnel no. 2 after the completed reconstruction works
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were also used for these purposes,
but the diameter of the holes in this
case was only 14mm. The grid of
boreholes was 0.66 x 0.66m. In the
locations where additional seepage
of groundwater appeared after the
sealing injection, it was necessary
to carry out reinjection (Fig. 7) in a
checkerboard grid of 0.33 x 0.33m
shifted from the injection holes
of the second stage by 100mm.
Approximately 390m® of injection
mixture was consumed in the entire
tunnel, including the portals.
Several other work operations
were carried out simultaneously with
the injection works. In the safety
niches and in the most waterlogged

i 14 .48 Zh d 4 parts of the tunnel, vertical culverts
Obr. 11 Pohlad na zrekonstruovany portdl P2 od ZST Bratislava hl. st. were built in the lining. These were
Fig. 11 View of the reconstructed portal P2 from the Bratislava main railway station first sawn with a Husqvarna WS463

wall saw on a guide rail, then

) L i hammered out with a hand-held electric tool, and
Cﬂaf;'ﬂin'ﬁ?;f,ﬂg’. 'ﬁ'ﬁ"a' P then sub-horizontal drainage drillholes were drilled
i using a Bobcat tracked mini-excavator with a drill

1 carriage (Fig. 8). Each niche contained 12 drainage
drillholes @ 76mm with a length of 6 to 12m, into
which a perforated steel pipe @ 60mm was installed.

V1,V2,V3, V4, V5 - ) The culverts exited through a PVC pipe into the
odvodriovacie vrty @ 76 mm, dl. 3,0 m .. . .

| opatrené ocelovou vypaznicou @ 60/3,0 mm existing sewer shaft connected to the side drainage
(perforécia 30 %); sklon vrtov 10 % .

| V1. V2, V3, V4, V5 - @ 160mm in the tunnel walkway. Subsequently, the
drainage drillholes @ 76mm, length 3.0m equipped r pi I T ith rofoam block

I with a steel casing @ 60/3.0mm (perforation 30%); water p pe.s We.e covered with Styro O.a b f)c s
drillinclination 10% covered with wire mesh and sprayed with a fiber-

reinforced mortar to the thickness of S0mm (Fig. 9).

I
| -\ = The last remedial work operation was the
1 . . .
i A installation of a waterproofing elastic membrane
I tunel &.1 i preventing the dripping of water on the traction line
tunnel no. 1 vi| —p . )
| \ o o applied to the top of the tunnel vault for a width of
! I” & ve 28—, 3.00m in the transverse direction. The work related
I | | . . .
existujic vpust Il'.!.' y o | to the repair and improvement of the technical
existing inlet S V7 i b condition of the lining was carried out from railway
NLre - wagons, on which scaffolding with technical and
5 ,j*_?—a — social facilities for workers was placed. In order to
= il meet the planned completion date of the N2 closure
period, it was necessary for the assembly work to be
’ ododifovaci #ab z beténovych témic 200/80/500 carried out. 51m1.11taneous1y with the rehabilitation
kablovod celk. dizka 6,8 m (13 ks tvarnic) work, which increased the demand for the
cable duct drainage trough made of concrete blocks 200/80/500mm L L. .
total length 6.8m (13 blocks) organization and logistics of the work in the tunnel.

As part of the assembly activities, new traction lines,
operational and emergency lighting, and signals were
implemented. The main works were completed by

Obr. 12 Vykres priestorového usporiadania doplnkového rieSenia v kiite portdlu P1
Fig. 12 Drawing of the spatial arrangement of the additional solution in the corner of the portal

Pl installing the 60E2, 400HT rails, on a total length of
700.00m, together with the superstructure material.
nové trakCné vedenie, prevadzkové a nidzové osvetlenie, a trpasli- | Additional activities in the tunnel included the restoration of

¢ie navestidla. Hlavné prace boli zaviSené vymenou kolajnicovych white safety coatings on the tunnel abutments, installation of
pasov tvaru 60E2 akosti 400HT, na celkovej dlzke 700 m, spolu | signs with the numbers of the tunnel blocks, signs indicating the

s materidlom zvrSku. Dopliiujicimi ¢innostami v tuneli boli obno- | direction and distance to the escape routes. The existing drainage
va bielych bezpecnostnych niterov na oporach tunela, osadenie ta- system of the tunnel was also cleaned with a Man pressure-suction
bul s ¢islami tunelovych blokov, tabdl s oznacenim smeru a vzdia- | vehicle. Reconstruction works in tunnel no. 2 were successfully

lenosti tinikovych ciest. Taktiez bol precisteny existujtci drendzny completed on 5/10/2023 and the tunnel was put into early use
systém tunela tlakovo-sacim vozidlom Man. RekonStrukéné (Fig. 10).
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Obr. 13 Pohlad na celkovii situdciu portdlu P1 od ZST Lama¢ po ukoncenych prdcach
Fig. 13 View of the overall situation of the P1 portal from the Lamac railway station after the completed works

prace v tuneli €. 2 boli diia 10. 5. 2023 uspeSne ukoncené a tunel
bol uvedeny do pred¢asného uZivania (obr. 10).

Okrem préac v tuneli sa v priebehu vyluky N2 vykondvala aj
umelecko-remeselnd obnova na druhej polovici portilovych ciel
P1 a P2 v okoli tunela ¢. 2 na vymere priblizne 332,700 m? a vy-
mena poruchového kéablového vedenia 6 kV na dseku dizky tak-
mer 1,0 km v zhlavi ZST Bratislava hl. st.

3.3 Nepretrzita vyluka N3

Poslednd vyluka N3 trvala 22 dni a zhotovitel stavby si ju u ZSR
objednal pre pripad, Ze sa v priebehu prvej vyluky N1 nestihne
zrealizovat umelecko-remeselna rekonstrukcia na plochach porta-
lovych Ciel P1 a P2 v okoli tunela ¢. 1 s ohfadom na jej rozsah a Ca-
sovu naro¢nost. Tato predikcia sa ukazala ako spravna, nakolko sa
museli dokoncit lokdlne nedorobky zo zimného obdobia a findlna
uprava hydrofébnym nédterom a penetraciou povrchu na baze orga-
nokremicitanov. Pohlad na zrekonStruovany portal P2 zo smeru od
ZST Bratislava hl. st. je znazorneny na obr. 11.

Zaroven sa v spodnej Casti portdlu P1 pri schodiskovom mire
nedarilo dokoncit reStauratorské prace z dévodu opitovného vl-
hnutia muriva, a to aj napriek niekolkondsobnej tesniacej injektazi.
Preto bolo po dohode s investorom a projektantom stavby vypra-
cované doplnkové technické rieSenie (obr. 12) pozostavajiice z re-
alizacie 7 ks odvodiiovacich vrtov @ 76 mm, dizky 3 m z nového
odvodnovacieho Zlabu z priekopovych tvaroviek umiestneného
v pite portdlu. S cielom zamedzit vode presakovat cez porézny
materidl kamenného portalu sa v okoli dstia zrealizovanych vrtov
zhotovila hydroizola¢na elastickd membrana. Uvedenym opat-
renim sa dosiahol poZadovany efekt a stavba mohla byt Gspesne
odovzdana.

In addition to the work in the tunnel, during the N2 closure
period, artistic and craft restoration was also carried out on the
second half of the portal P1 and P2 areas in the vicinity of tunnel
no. 2 on an area of approximately 332,700m? and replacement of a
defective 6kV cable line on a section of almost 1.0km in length at
the proximity of Bratislava main railway station.

3.3 N3 closure period

The last N3 closure period of train service shutdown lasted 22
days, and the construction contractor requested the N3 closure
period from the owner if during the first N1 closure period, the
artistic and craft reconstruction of the portals P1 and P2 in the
vicinity of the tunnel no. 1 would not be completed with regard
to its scope and time requirement. This prediction turned out to be
correct, as the work unfinished during the winter period had to be
completed with the final treatment with a hydrophobic coating and
organosilicates based surface penetration. View of the reconstructed
portal P2 from the direction of the Bratislava main railway station
is shown in Fig. 11.

At the same time, restoration work could not be completed in the
lower part of the P1 portal near the staircase wall due to wetting
of the masonry, despite several sealing injections. Therefore, in
agreement with the investor and the project designer, an additional
technical solution was developed (Fig. 12) consisting of the
realization of 7 drainage wells @ 76mm, 3m long drilled from a new
drainage channel made of trench drainage prefab blocks located
at the foot of the portal. In order to prevent water from seeping
through the porous material of the stone portal, a waterproofing
elastic membrane was made around the mouth of the wells. The
mentioned measure achieved the desired effect and the structure
could be successfully handed over.
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3.4 Prace nezavislé na vylukach Zeleznicnej
infrastruktury

V nadportalovych oblastiach a v oblastiach pred tunelmi sa para-
lelne s pracami v tuneli zrealizovalo niekolko opatreni, ktoré mali za
ciel eliminovat priesaky vody z povrchu terénu do vnutornych pries-
torov tunelov. Pre tento el sa zrealizoval Sikmy vrt @ 93 mm s vy-
paznicou @ 89 mm, tstiaci v iZlabinovom priestore nad portalom P1
a vyvedeny cez konstrukciu portdlu do novovybudovanej reviznej
Sachty situovanej pred ¢elom portalu. Revizna Sachta je zaroveti spo-
lo¢nym vyustnym objektom aj pre tri novo realizované, vejarovo us-
poriadané, subhorizontalne vrty @ 93 mm, vystrojené perforovanou
ocelovou rarou @ 89 mm. Tie odvadzaju vodu zo spodného medzi-
tunelového priestoru. Sanacné opatrenia pozostavali z vybudovania
odvodnovacieho Zlabu spolu s prilahlou kamennou dlazbou, z obno-
vy povodnej kamennej dlazby reliéfu a odvodnovacej priekopy na
portéli P1 (obr. 13). Na portali P2 bola obnovena pdvodna kamenna
priekopa, ku ktorej sa dobudovala nova kamenna dlazba.

3.5 Neocakavané skutocnosti

Nakolko sa jednalo o rekonstrukciu 120 rokov starého tunela
a jeho portdlov, v priebehu realizcie stavby sa vyskytlo niekolko
skutocnosti, na ktoré musela stavba okamzite reagovat. Pocas bura-
cich prac starého striekaného beténu bola ihned v bloku €. 1 zistena
pritomnost striekaného beténu v hr. 250 mm, ktory bol vystuZeny
ocelovymi banskymi skruzami kolajnicového profilu spolu s ocelo-
vou siefovinou v dvoch vrstvach. Takato konstrukcia plnila pravde-
podobne okrem hydroizolacnej aj funkciu staticku, preto sa po do-
hode s investorom a projektantom rozhodlo, Ze bloky s ocelovymi
nosnikmi sa ponechaju bez biurania. Z dovodu plosného zavodnenia
v neburanych blokoch, sa tieZ pristipilo k dvojstupiiovej chemic-
kej injektazi. Takychto blokov bolo 11 ks z celkového poctu 75 ks.
Pri demolacnych pracach sa tiez zistilo, Ze kamenné ostenie pod
odstranenym starym torkrétom je vodou nasiaknuté a znacne tva-
rovo zdegradované, ¢o malo vyrazny dopad na celkové mnozZstvo
spotreby sanacnej hmoty. V oblastiach nad portalmi P1, P2 oboch
tunelov sa zas ponechali existujice kamenné priekopy v povodnom
stave bez buirania, nakol'ko sa po ich odtazeni a oCisteni preukazalo,
7e miera poSkodenia nezodpoveda predpokladu v projekte.

4. ZAVER

Realizécia tohto projektu bola pre spolo¢nost TuCon, a. s. vy-
zvou, nakolko doteraz nerealizovala na Zeleznici vela zdkaziek
s podobnym rozsahom pric. Organizdcia stavebnych cinnosti
v stiesnenych pomeroch tunela ¢. 2, zdsobovanie pracovisk vyluc-
ne Zelezni¢nou dopravou, ¢i oprava Narodnej kultirnej pamiatky
v bezprostrednej blizkosti prevadzkovanej kolaje znamenali naroc-
né podmienky pre zhotovenie diela.

Uz v Case zacatia prvej kolajovej vyluky sa ukazalo, Ze pokial
maju investor, projektant, spravcovia Zelezninej infrastruktiry
a zhotovitel spolo¢ny ciel, dielo je mozné aj napriek niekolkym
nepredvidatelnym skutoCnostiam a zmendm projektu odovzdat
vCas, v poZadovanej kvalite a v stilade so zmluvou o dielo.

Ing. LUKAS ZATKULIAK, lukas.zatkuliak@tucon.sk,
TuCon, a. s.

Recenzoval Reviewed by: Ing. Viastimil Hordk

LITERATURA / REFERENCES

Tuel

3.4 Works not requiring railway traffic closure

In the areas above the portals and in the areas in front of the
tunnels, several measures were implemented in parallel with the
work in the tunnel, with the aim of eliminating water seepage from
the surface of the terrain into the underground spaces of the tunnels.
For this purpose, an inclined borehole @ 93mm with a casing
@ 89mm was drilled, entering the trough above the portal P1 and
coming through the portal structure into the newly built inspection
shaft located in front of the portal face. The inspection shaft is also
a common outlet for three newly drilled, fan-shaped, subhorizontal
wells @ 93mm, equipped with a perforated steel pipe @ 89mm.
They drain water from the lower tunnel space. The rehabilitation
measures consisted of the construction of a drainage channel
together with the adjacent stone pavement, the restoration of the
original stone pavement, and the drainage ditch at the P1 portal
(Fig. 13). At the P2 portal, the original stone ditch was restored by
a new stone pavement.

3.5 Unexpected conditions

Since it was a reconstruction of a 120-year-old tunnel and its
portals, several conditions occurred during the construction, to
which the construction had to react immediately. During the
demolition work of the old shotcrete in block no. 1 a shotcrete
250mm thick reinforced with steel U shaped ribs and steel mesh in
two layers were detected. Such a structure likely had also a static
function in addition to waterproofing, therefore, after an agreement
with the investor and the designer, it was decided that the sections
with steel ribs would be left without demolition. Due to widespread
waterlogging in the non-demolished sections, a two-stage chemical
injection was also used. There were 11 such sections out of a total
of 75. During the demolition work, it was also found that the stone
masonry lining behind the removed old shotcrete is soaked in water
and significantly deformed, which had a significant impact on the
total amount of remedial material consumption. In the areas above
the portals P1, P2 of both tunnels, the existing stone trenches were
left in their original state without demolition, as it was proven
after their removal and cleaning that the degree of damage did not
correspond to the assumption in the project.

4. CONCLUSION

The project was a challenge for the company TuCon, a. s. as it
has not yet performed many railway contracts with a similar scope
of work. Organization of construction activities in the tight space of
tunnel no. 2, the supply of workplaces exclusively by rail transport,
or the repair of the National Cultural Monument in the immediate
vicinity of the operating track represented difficult conditions for
the construction.

Already at the time of the start of the first train service closure
period, it became clear that if the investor, the designer, the operator
of the railway infrastructure and the contractor have a common
goal, the work can be handed over on time, in the required quality
and in accordance with the contract, despite several unpredictable
conditions and project changes.

Ing. LUKAS ZATKULIAK, lukas.zatkuliak @tucon.sk,
TuCon, a. s.

[1]1 BILOVESKY, E. Technickd sprdva — SO 33-02 Rekonstrukcia Bratislavského tunela ¢&. 2, v ZST Bratislava hl.st. 2018. Technicka

zprava. Misto: Valbek SK, spol. s.r.o.
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OBNOVA TUNELU CORNBERGER A RUDERSDORFER
RENOVATION OF CORNBERGER AND RUDERSDORFER TUNNELS

ALICE ZITTOVA

ABSTRAKT

Nemecké Zeleznicni tunely Cornberger i Rudersdorfer se v soucasnosti nachdzeji na konci své Zivotnosti. Ackoliv byly vybudovdny s re-
meslnou preciznosti nasim predkiim vilastni, preci jen cas a piisobeni vnéjsich viivii maji za ndsledek jejich zhorsujict se stavebné technicky
stav. 'V priibéhu minulych let prosly tunely nékolika sanacnimi i rekonstrukcnimi zdsahy, avsak tato opatreni nebyla dostatecnd a ndklady
na jejich tidrzbu stdle rostly. V soucasnosti je tunel Rudersdorfer provozovdn s ohledem na sviij stav s omezenim. Ani jeden tunel také jiz ne-
odpovidd dnesnim poZadavkiim pro dvoukolejny provoz. Vybudovat tunely nové, v blizkosti stdvajicich, se tak jevi ekonomicky, ekologicky
a technicky smysluplnéjsi resSeni nez realizovat ndrocnou rekonstrukci téch existujicich. Portdly tunelu Cornberger jsou v soucasnosti pa-
mdtkové chrdnény, proto bylo hleddno takové resent, které je zachovd pro budouci generace, i kdyZ samotny tunel bude vyrazen z provozu.

ABSTRACT

Germany’s Cornberger and Rudersdorfer railway tunnels are currently at the end of their service life. Although they were built with
the precision craftsmanship of our ancestors, time and external influences have resulted in their deteriorating structural and technical
condition. Over the past years, the tunnels have undergone several rehabilitation and reconstruction interventions, but these measures
were not sufficient and the maintenance costs kept growing. At present, the Rudersdorfer Tunnel is operated with restrictions due to its
condition. Neither tunnel meets today’s requirements for twin-track operation. Building new tunnels close to the existing ones seems to be
a more economically, ecologically and technically sensible solution than carrying out a demanding reconstruction of the existing ones.
The portals of the Cornberger Tunnel are currently listed, so a solution was sought that will preserve them for future generations, even if

the tunnel itself is decommissioned.

uvob

Oba pfedmétné Zelezni¢ni tunely lezi ve Spolkové republice Né-
mecko. Tunel Cornberger je soucasti dvoukolejného elektrifikova-
ného tseku trati 3600 Frankfurt am Main — Gottingen a nachdzi
se mezi mésty Bebra a Sontra ve spolkové zemi Hesensko. Tunel
Rudersdorfer se naléza na rozhrani spolkovych zemi Severni Pory-
ni-Vestfalsko a Hesensko na dvoukolejném elektrifikovaném tseku
trat¢ 2800 Hagen Hbf — Heiger.

Starsi z tuneld — Cornberger — byl vybudovén v letech 1872 az
1875. Tunel Rudersdorfer byl vystavén o 40 let pozdé&ji, v letech
1914-1915. Oba v soucasné dob€ vykazuji zndmky vyznamného
poskozeni tunelové obezdivky i tunelovych portald. Na zdklade€ vy-
sledkti z podrobnych prohlidek a prizkumnych praci jsou hodnoce-
ny stupném poSkozeni 3 a zafazeny do kategorie stavebniho stavu
4 dle RIL 853.8001 (Richtlinie — viz [1]). To znamen4, Ze ackoliv
je konstrukce vaZné poSkozena, nema toto poskozeni zatim vliv na
bezpecnost. Kategorie 4 dle RIL 853.8001 déle uvadi, Ze rekon-
strukce takto poskozeného tunelu jiz neni ekonomicky vyhodna.

Po zvéaZeni moznych variant obnovy tunelil se pro zachovani pro-
vozu asplnéni v§ech podminek transevropské dopravni sit€ (TEN-T)
jevi jako nejvyhodnéj$i vybudovat tunely nové, nachdzejici se
v paralelni pozici k tém stavajicim. Novym tunelovym trasam bude
prizpisobeno usporadani koleji pred a za tunely, a to véetné dalSich
inZenyrskych staveb v rozsahu dotéené oblasti. Po uvedeni novych
tunell do provozu budou stavajici z provozu vyfazeny a zcela nebo
¢aste¢né vyplnény. Po dokonceni obou staveb budou k dispozici
nové tunely, které budou spliiovat nejnovéjsi technické standardy
z hlediska konstrukce a vybaveni, a predev§im poZadavky na bez-
pecnost v tunelech v souladu s evropskou a narodni legislativou.

Ob¢ stavby se v soucasné dobé nachazi ve fazi projektovych
priprav. Projekty jsou tvoreny v rezimu BIM, pfi¢emzZ soub&zné
a samostatné vznikd také 2D vykresova dokumentace v software
AutoCAD. Projektantem tunelovych staveb je spolecnost AMBERG

INTRODUCTION

Both railway tunnels in question are located in the Federal
Republic of Germany. The Cornberger tunnel is part of the twin-
track electrified section of the 3600 Frankfurt am Main — Gottingen
line and is located between the towns of Bebra and Sontra in the
Federal State of Hesse. The Rudersdorfer tunnel is located on the
border between the Federal States of North Rhine-Westphalia and
Hesse on the twin-track electrified section of the line 2800 Hagen
Hbf — Heiger.

The older of the tunnels — the Cornberger — was built between
1872 and 1875. The Rudersdorfer tunnel was built 40 years later,
between 1914 and 1915. Both currently show signs of significant
damage to the tunnel lining and tunnel portals. On the basis of
the results of detailed inspections and surveys, they are rated as
damage level 3 and classified as structural condition category 4
according to RIL 853.8001 (Richtlinie — see [1]). This means that
although the structure is severely damaged, this damage does not
yet affect safety. Category 4 according to RIL 853.8001 also states
that it is no longer economically viable to reconstruct a tunnel that
is damaged in this way.

After considering the possible options for the renewal of the
tunnels, it seems to be most advantageous for maintaining the
operation and meeting all the conditions of the Trans-European
Transport Network (TEN-T) to build new tunnels parallel to the
existing ones. The new tunnel alignments will be adapted to the
track layout in front of and behind the tunnels, including other civil
engineering works in the area concerned. Once the new tunnels are
operational, the existing tunnels will be decommissioned and fully
or partially filled. Once both structures are completed, new tunnels
will be available that will meet the latest technical standards in
terms of construction and equipment, and in particular tunnel
safety requirements in accordance with European and national
legislation.
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tunel Cornberger — stavajici L =719 m

Both constructions are currently
in the design preparation phase.

Cornberger funnel - existing L = 779m

7I8°LLL U

The designs are being created in
BIM mode, with 2D drawings being
created in parallel and separately
using AutoCAD software. The
designer of the tunnel structures is

€0G'8LL unf

portalové oblast tunel Cornberger — novostavba L = 681 m

zépad
L=32m
portal area west
L=32m
trat 3600
track 3600
Frankfurt Géttingen
(Main) hl. n. Géttingen
Frankfurt
main station

Cornberger tunnel — new construction L = 681m

~ stavajici stav existing condition

AMBERG Engineering AG. The
project contracting authority and
project manager for both tunnels, as
well as for the railway route itself,
is DB Netz AG.

A oot CORNBERGER TUNNEL -
fchod CURRENT CONDITION AND
L=47m BASIC DATA
portal area east
L=47m

The Cornberger twin-track tunnel
with a total length of 719m is
located on the straight line between
km 177.814 and km 178.533 (see
Fig 1) [2]. In terms of gradient, the
track in the tunnel initially rises

LEGENDA LEGEND

novy stav new condition
bourani/ruseni breaking/cancelling

Obr. 1 Situace — Cornberger tunel
Fig. I Layout plan — Cornberger tunnel

Engineering AG. Zadavatelem projektu a projektovym manaZerem
obou tuneli, stejné jako Zeleznicni trasy samotné, je DB Netz AG.

CORNBERGER TUNEL - STAVAJICI STAV A ZAKLADNI
UDAJE

RaZeny dvoukolejny tunel Cornberger o celkové délce 719 m je
umistén na primé trati mezi km 177,814 a km 178,533 (obr. 1) [2].
Z hlediska sklonovych poméri trat v tunelu zpocatku stoupd cca
2,6 %o v délce 372 m a nasledné smérem k vyjezdovému portalu
klesa 2,7 %o. Tunel je situovan v zalesnéné oblasti a pied jeho por-
taly se nachazeji hluboké zarezy s vyskou svaht az 15 m. Maximél-
ni vySka nadlozi tunelu se pohybuje okolo 53 m.

Tunelova trouba je opatfena osténim vyzdénym z piskovcovych
kvadri v opérach a cihelnym zdivem v klenbé. Prifez tunelu ma
podkovovity tvar s otevienym dnem, vyjma cca 30 m dseku pied
koncem tunelu, kde byla dodatecné (roku 1960-1961) realizovana
Zelezobetonova deska v po¢vé z diivodu pritomnosti tlacivé horni-
ny. Svétla vyska prifezu je cca 6,3 m nad temenem nepievysené
kolejnice a §itka prifezu cca 8,2 m. Ve snaze odstranit zavady tu-
nelu a zajistit poZadavky na jeho provozuschopnost prosel v pri-
béhu let nékolika rekonstrukcemi. Béhem nich doslo napiiklad ke
kompletni vyméné osténi (v letech 1902—1905) a doplnéni rubové
hydroizolace, kompletni prestavbé portali, rekonstrukci odvodnéni
(roku 1929), prohloubeni pocvy z diivodu probihajici elektrifikace
trati (v letech 1960-1961) a také k rekonstrukci opér osténi a po-
délného odvodnéni a dodatecné realizaci zdchrannych vyklenki
(roku 1982). Dalsi rozsahla rekonstrukce byla provedena v letech
1986 az 1987, kdy bylo cilem zvysit Ginosnost klenby a soucasné
eliminovat prasaky podzemni vody pfes tunelovou obezdivku. Do-
Slo také k sanaci stavajici obezdivky a k vestavbé nového osténi
z vyztuzeného stiikaného betonu.

Oba historické tunelové portély jsou v soucasné dobé paméatko-
vé chranény na zakladé hesenského pamétkového zakona. Porta-
ly byly vystavény v novoromdnském slohu (obr. 2) z barevného
piskovce (buntersky piskovec) a v soucasné dob& dochazi k jejich

approximately 2.6%o over a length
of 372m and then drops 2.7%o
towards the exit portal. The tunnel is
situated in a wooded area and there
are deep cuttings in front of its portals with slopes up to 15m high.
The maximum height of the tunnel overburden is around 53m.

The tunnel tube is provided with a lining made of sandstone
blocks in the side walls and brickwork in the vault. The cross-
section of the tunnel is horseshoe-shaped with an open bottom,
except for the approx. 30m long section before the end of the
tunnel, where a reinforced concrete slab was subsequently (in
1960-1961) installed due to the presence of squeezing rock. The
clearance height of the cross-section is approx. 6.3m above the top
of the unelevated rail and the width of the cross-section is approx.
8.2m. The tunnel has undergone several reconstructions over the
years in an effort to remove defects and to ensure its serviceability
requirements. During the reconstructions, for example, the tunnel
lining was completely replaced (in 1902-1905) and the reverse-
side waterproofing was added, the portals were completely
rebuilt, the drainage was reconstructed (in 1929), the bottom was
deepened due to the ongoing electrification of the track (in 1960-
1961), and the side wall lining and longitudinal drainage were
reconstructed and the safety recesses were additionally carried
out (in 1982). Another extensive reconstruction was carried out
between 1986 and 1987, when the aim was to increase the load-
bearing capacity of the vault and at the same time eliminate
groundwater seepage through the tunnel lining. The existing
lining was also rehabilitated and a new reinforced shotcrete lining
was built.

During the survey work carried out in recent years, a number
of defects were found in the tunnel lining and portals. The brick
lining is in poor condition throughout the length of the tunnel.
The masonry elements become weathered and cracks, cavities
and deformations, significant wetting of the tunnel structures
and dangerous development of ice in winter occur. With regard
to the extent of damage to the lining, the reduced load-bearing
capacity of the tunnel lining was determined. The tunnel portals
have been subject to regular measurements of the tilting since
2012.




geometrickému vychyleni a z toho
plynouciho ndklonu.

Béhem prizkumnych praci pro-
vedenych v poslednich letech bylo
zjisténo mnozstvi zévad na tunelové
obezdivce i portalech. Zdéné osténi je
v celé délce tunelu ve Spatném stavu.
Dochazi ke zvétravani zdicich prvka,
trhlindm, vzniku dutin, deformacim
zdiva, vyznamnému zamokieni tune-
lu a v zim€ k nebezpecnému zaledo-
véni. S ohledem na rozsah poskozeni
obezdivky byla stanovena sniZena
unosnost tunelového osténi. Na tu-
nelovych portélech probihaji od roku
2012 pravidelnd méfeni ndklond.

Z regiondlné geologického hledis-
ka se uzemi tunelu nachazi na seve-
rozdpadnim okraji Richelsdorfského
pohori v Hesenské propadling. Pod-
loZi je zde tvoreno prevazné vrstvami
bunterského piskovce (trias) a sedi-
menty svrchniho permu (Zechstein).
V hlubsim podloZzi tizemi se nachazi
devonské droby a jilovité bridlice,
které byly ve starSim permu piekryty az 1000 m mocnymi sedimen-
ty rotliegendu s tzv. cornberskym piskovcem jako nejmladsi vrstvou.
Hydrologicky se trat nachdzi v pramenné oblasti potoka Bebra.

CORNBERGER TUNEL - NOVOSTAVBA TUNELU

Vedeni nové Zeleznicni trasy je dano zvolenou metodou vystavby
tunelu, navrhovou rychlosti 160 km/h a déle napojenim na stavajici
drazni téleso cca v km 176,9 na zdpadé a cca v km 179,9 na vy-
chodé trasy. Novy razeny dvoukolejny tunel o délce 681 m povede
soubézné s tunelem stavajicim v jeho jiZni poloze. Je navrZen v le-
vostranném smérovém oblouku o poloméru 2102 m. Vzdélenost no-
vého tunelu od stavajiciho se pohybuje od 27 m na zépadni stran¢,
pres 55 m zhruba v poloviné jeho délky az po 30 m u vychodniho
portalu (méfeno pudorysné mezi osami obou tuneli). Portaly nového
tunelu budou umistény priblizné ve stejné vyskové trovni jako ty
stavajici. Od vjezdového portalu tunel konstantné stoupd hodnotou
2,0 %o. Trasa nového tunelu je v soucasnosti vedena zalesnénym
Uzemim.

Novy tunel bude mit dvoukolejny uzavieny tunelovy prufez
s vnitfnimi rozméry dle RIL 853 Richtzeichnung T-F-B-K-2-01
(obr. 3). Svétla vyska razené Casti bude 7,83 m a maximalni svétla
Sitka 12,2 m. Vzdalenost mezi kolejemi bude 4,0 m a minimalni Sif-
ka tnikovych cest 1,2 m. Tunel bude raZen v délce 679 m [2], [3].

Portalové konstrukce z prevrtavanych pilotovych stén budou slou-
Zit jednak jako misto zardzky (na vychod€) a prorazky (na zapadg),
ale také jako zajisténi predzarezl s ohledem na sousedni tunel.

Razba tunelu bude probihat tpadné smérem od vychodniho
portdlu k zdpadnimu. Divodem pro volbu tpadni razby je lepsi
dostupnost vychodniho portdlu ze stanice Cornberger. Tunel bude
razen Novou rakouskou tunelovaci metodou (NRTM) dle jed-
notlivych technologickych tfid vyrubu dle DIN 18312 [4]. Roz-
pojovani hornin bude podle predpokladanych IG pomérti pro-
vadéno jak pomoci trhacich praci, tak i mechanicky. Za dcelem
véasné identifikace geologickych poruch a moznosti pfijmout pat-
fi¢né opatfeni budou béhem razby (dle potieby) provadény dlouhé
prazkumné predvrty z Celby. Vzhledem k upadni razbé bude
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Obr. 2 Pohled na zdpadni portdl tunelu Cornberger
Fig. 2 View of the western portal of the Cornberger tunnel

From a regional geological point of view, the tunnel area is
located on the north-western edge of the Richelsdorf Mountains
in the Hessian Depression. The subgrade here consists mainly
of Bunterian sandstone (Triassic) and Upper Permian sediments
(Zechstein). The deeper subgrade of the area contains Devonian
gravel and clay shales, which were overlain in the older Permian
by up to 1,000m of Rotliegend sediments with the so-called
Cornish Sandstone as the youngest layer. Hydrologically, the track
is located in the headwater area of the Beaver Creek.

CORNBERGER TUNNEL - NEW TUNNEL CONSTRUCTION

The alignment of the new railway route is determined by the
chosen method of tunnel construction, the design speed of 160km/h
and the connection to the existing rail track approximately at the
chainage km 176.9 in the west and km 179.9 in the east of the
route. The new 681m long double-track tunnel will run parallel
to the existing tunnel in its southern position. It is designed on
a left-hand directional curve with a radius of 2,102m. The distance
of the new tunnel from the existing one varies from 27m on the
western side, through 55m roughly halfway along its length, to
30m at the eastern portal (measured in plan between the axes of
the two tunnels). The portals of the new tunnel will be located at
approximately the same elevation as the existing ones. From the
entrance portal, the tunnel rises at a constant rate of 2,0%o. The
route of the new tunnel runs currently through a wooded area.

The new tunnel will have a twin-track closed cross-section
with internal dimensions according to RIL 853 Richtzeichnung
T-F-B-K-2-01 (Figure 3). The clearance height of the mined part
will be 7.83m and the maximum clearance width 12.2m. The
distance between the tracks shall be 4.0m and the minimum width
of the escape routes shall be 1.2m. The length of the mined tunnel
will be 679m [2], [3].

The portal structures formed by secant bored pile walls will serve
both as the tunnel opening point (in the east) and the breakthrough
point (in the west), but also to secure the pre-cutting with respect
to the adjacent tunnel.
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Obr. 3 Vzorovy pricny rez novym tunelem Cornberger
Fig. 3 Typical cross-section through the new Cornberger tunnel

podzemni a technologickd voda v oblasti ¢elby shromazdovana
a odcerpéavana z tunelu a dale upravovana.

Primérni osténi bude tvoreno stifkanym betonem se sitémi, pii-
hradovymi nosniky, kotvenim, jehlovanim a dle jednotlivych tfid
vyrubu také mikropilotovymi deStniky.

Podle RIL 853 je novy tunel navrZen jako odolny proti tlakové
vodé. Maximalni uvaZovany tlak vody je 27 m vodniho sloupce.
To je tfeba u sekundarniho osténi zohlednit, proto je navrZena vo-
dotésna tlakova konstrukce. Definitivni osténi tunelu se bude skla-
dat z Zelezobetonové protiklenby a klenby o tloustce minimalné
50 cm. Toto monolitické osténi je navrZeno z vodonepropustného
vyztuzeného betonu C30/37 s ptidavkem PP vlaken (2 kg/m?).
Mezi primdrnim a sekundarnim osténim bude instalovana separac-
ni membréana. Hydroizolacni systém tunelu je navrZen minimalné
pro tfidu té€snosti tunelu 2 ,,velmi suchy* podle RIL 853 [1].

Z divodu snahy o eliminaci negativnich uc¢inkl razbou podmi-
néné redistribuce napéti na stavajici tunel byla poblizZ vychodniho
portalu navrZena clonici sténa z prevrtavanych pilot.

Nové portalové konstrukce budou doplnény nové vybudovanymi
svahy. K obé€ma portdlovym stavbam bude vytvorena také piijez-
dova komunikace a technické budovy. U vychodniho portalu bude
navic zfizen zachranny prostor, véetné pozarni nadrze.

The tunnel will be excavated downhill from the eastern portal
towards the western portal. The reason for the choice of the
downhill excavation is better accessibility of the eastern portal
from Cornberger station. The tunnel will be driven using the New
Austrian Tunnelling Method (NATM) according to the individual
excavation support classes according to DIN 18312 [4]. Rock
will be broken both by blasting and mechanically according to
the expected EG conditions. In order to identify geological faults
early and to be able to take appropriate measures, long exploratory
pre-bored holes will be carried out (as necessary) during the
mining operations. Due to the downhill excavation, groundwater
and process water in the excavation face area will be collected and
pumped out of the tunnel and further treated.

The primary lining will consist of shotcrete with mesh, lattice
girders, anchoring, forepoling and, depending on the individual
excavation classes, micropile umbrellas.

According to RIL 853, the new tunnel is designed to be pressure
water resistant. The maximum water pressure considered is
27m water column. This needs to be taken into account for the
secondary lining, hence the design of a watertight pressure-
resistant structure. The final lining of the tunnel will consist of
areinforced concrete invert and an arch with a minimum thickness
of 50cm. This monolithic lining is designed to be from waterproof
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Obr. 4 Situace — tunel Rudersdorfer
Fig. 4 Layout plan — Rudersdorfer tunnel

RUDERSDORFER TUNEL - STAVAJICI STAV A ZAKLADNI
UDAJE

Stavajici dvoukolejny tunel Rudersdorfer, o celkové délce
2652 m (obr. 4), je umistén na pfimé trati mezi km 117,630 (se-
verni portdl, obr. 5) a km 120,282 (jizni portal). Tunel se nachéazi
v extravilanu. V okoli jsou zalesnéné oblasti, pastviny a zemédél-
sky vyuzivand pida. Maximalni vyska nadloZi tunelu se pohybuje
okolo 175 m [5].

Tunelova trouba je opatfena osténim vyzdénym z piskovco-
vych kvadra. Tloustka kamenného osténi se pohybuje od 0,7 m po
1,8 m. Prifez tunelu ma podkovovity tvar pfevazné s otevienym
dnem. V nékterych usecich se nachazi i protiklenba. Svétla vyska
prifezu je cca 6,6 m nad povrchem kolejového loze a §itka prirezu
cca 8,6 m. Uvnitf tunelu se nachazi celkem 110 part vstficnych
zachrannych vyklenkd s osovou vzdalenosti cca 25 m. V rdmci
sanacnich a rekonstrukénich opatfeni, ktera prob&hla v minulosti,
bylo stavajici piskovcové zdivo prekryto vrstvou stifkaného be-
tonu. Podélné odvodnéni tunelu je tvoreno stfedovou tunelovou

Fﬁ-\v. e ; 7 . ) .i‘
Obr. 5 Pohled na severni portdl tunelu Rudersdorfer
Fig. 5 View of the western portal of the Rudersdorfer tunnel

reinforced concrete C30/37 with the addition of PP fibres (2kg/m?).
A separation membrane will be installed between the primary and
secondary lining. The tunnel waterproofing system is designed for
a minimum tunnel tightness class 2 ‘very dry’ according to RIL
853 [1].

In an effort to eliminate the negative effects of the stress
redistribution caused by excavation of the existing tunnel, a screen
wall made of secant bored piles was designed near the eastern portal.
The new portal structures will be supplemented by newly
constructed slopes. An access road and new technical buildings
will also be created for both portal structures. In addition, a rescue
area, including a fire protection reservoir, will be established at
the eastern portal.

RUDERSDORFER TUNNEL - CURRENT CONDITION AND
BASIC DATA

The existing twin-track Rudersdorfer tunnel, with a total length
of 2,652m (see Fig. 4), is located on the straight track between
chainages km 117.630 (north
portal, Figure 5) and km 120.282
(south portal). The tunnel is located
in a rural area. There are wooded
areas, pastures and agricultural
land in the vicinity. The maximum
height of the tunnel overburden is
around 175m [5].

The tunnel tube is lined with
sandstone blocks. The thickness of
the stone lining varies from 0.7m
to 1.8m. The cross-section of the
tunnel is horseshoe-shaped with
a predominantly open bottom.
In some sections there is also an
invert. The clearance height of
the cross-section is about 6.6m
above the surface of the track bed
and the width of the cross-section
is about 8.6m. Inside the tunnel
there are a total of 110 pairs of
rescue recesses on both sides of the
tunnel, directly against each other,
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stokou umisténou v poc¢veé mezi kolejemi. Tunel disponuje dvéma
vétracimi Sachtami. Prvni je situovana zhruba 673 m od vjezdové-
ho portalu a jeji hloubka je pfiblizné 73,81 m. Druhd se nachazi
741 m od vyjezdového portilu a jeji hloubka je 56,19 m. V letech
2006 az 2009 byly pied portdly tunelu dodatecné vytvofeny za-
chranné plochy s integrovanymi poZarnimi nadrZemi a uvnitf tune-
lu byl instalovan suchovod a zabradli.

Béhem pravidelnych prohlidek tunelu byl zjistén jeho zhorSujici
se stavebnétechnicky stav. V minulosti provedend sanacni ¢i rekon-
struk¢ni opatfeni byla malo uspésnd a ndklady na tdrzbu neustale
rostly. V soucasné dobé je osténi tunelu v celé délce poskozeno.
Dle vysledkd podrobného prizkumu provedeného pred vice jak
15 lety je osténi tunelu prakticky v celé délce poskozeno prosa-
kujici vodou — pozorovéano je velké mnozstvi poSkozeni ve formé
trhlin, dutin, odlupujiciho se betonu, a dokonce i vizualné rozpo-
znatelné a laserovym méfenim prokdzané deformace. V soucasné
dobé neni provoz tunelu bez dodate¢nych bezpecnostnich opatieni
mozny.

Predmétné izemi se nachdzi v oblasti Rynské pahorkatiny (Ryn-
ské bridli¢né pohoii). Horniny predkvarterniho podloZi jsou bez
vyjimky spodnodevonského stafi. Pro region je typicka severoza-
padni vrasova struktura. Stratigraficky jsou pevné horniny spodni-
ho devonu v ramci stupné Ems pfifazeny k heiligenbornské sek-
venci. Star$i jednotky se déli na wilgersdorfské vrstvy a mladsi na
hollbergské vrstvy. Ve vice n€z 1000 m mocném komplexu vrstev
tvofi horniny wilgersdorfskych vrstev zdklad se stfidanim jilu,
slinu a piskovce. Svrchni Cast je tvorena sedimentarnimi a mirné
metamorfovanymi horninami hollbergskych vrstev, pro které jsou
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with an axial distance of about 25m. As part of the rehabilitation
and reconstruction measures carried out in the past, the existing
sandstone masonry was covered with a layer of shotcrete. The
longitudinal drainage of the tunnel consists of a central tunnel
sewer located in the gap between the tracks. The tunnel has two
ventilation shafts. The first one is located approximately 673m
from the entrance portal and its depth is approximately 73.81m.
The second one is located 741m from the exit portal and is 56.19m
deep. Between 2006 and 2009, additional rescue areas with
integrated fire protection reservoirs were created in front of the
tunnel portals and a dry fire main and a guardrail were installed
inside the tunnel.

During regular inspections of the tunnel, its deteriorating
structural and technical condition was detected. Past rehabilitation
or reconstruction measures had little success and maintenance
costs were steadily rising. At present, the tunnel lining is damaged
throughout the entire tunnel length. According to the results of
a detailed survey carried out more than 15 years ago, the tunnel
lining is practically destroyed along its entire length by water
seepage — a large amount of damage in the form of cracks, cavities,
peeling concrete and even visually recognizable deformations
demonstrated by laser measurements. At present, the tunnel cannot
be operated without additional safety measures.

The area in question is located in the Rhine Uplands (Rhine
Shale). The rocks of the pre-Quaternary bedrock are without
exception of Lower Devonian age. The region is characterised
by a north-westerly fold structure. Stratigraphically, the Lower
Devonian solid rocks within the Ems Stage are assigned to the
Heiligenborn sequence. The older
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strata and the younger ones into
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1,000m thick strata complex, the
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Obr. 6 Vzorovy pricny rez novym tunelem Rudersdorfer — raZend Cdst (konvencni metoda)
Fig. 6 Typical cross-section through the new Rudersdorfer tunnel — mined part (conventional method)
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typické piscito-jilovité tseky na jedné stran¢ a kfemenno-piskov-
cové utvary na stran¢ druhé.

RUDERSDORFER TUNEL - NOVOSTAVBA TUNELU

Novy tunel bude proveden zdpadné od stavajiciho v paralelni
poloze. Bude tvofen dvéma jednokolejnymi tunelovymi troubami
situovanymi piiblizné 70 m od tunelu stavajiciho. Obé budou mit
délku 3058 m a jejich primérna vzajemna vzdalenost bude 30 m.
Provedeno mezi nimi bude celkem Sest tunelovych propojek s ma-
ximdlni vzajemnou vzdéilenosti nebo vzdélenosti od portald 500 m.
Navrhova rychlost v novém tunelu je 110 km/h.

Z divodu vysokého tlaku vody na osténi tunelu byl navrZen kru-
hovy profil o vnitfnim priméru (lic sekundarniho osténi) 4,4 m
s uzavienou pocvou, na které bude realizovana pevna jizdni draha
(4. profil bézny u kontinualni razby). Po obou jejich stranach jsou
navrzeny Unikové cesty o Sifce minimaln€ 1,2 m a svétlé vySce
minimalné 2,25 m. Svétla vyska tunelu bude 7,22 m. Podélny sklon
tunelu klesd smérem od severniho portdlu k jiznimu konstantni
hodnotou 0,61 % [5].

Obé tunelové trouby vcetné propojek budou razeny konvencné
pomoci NRTM. Razit se bude z obou smérll a v obou tunelovych
troubdch soucasné. VSechny tunelové portaly jsou navrZeny jako
hiebikované stény zpevnéné stitkanym betonem. Vyrub bude za-
jistén primarnim osténim ze stitkaného betonu, systémovym kot-
venim a dal$imi postupy dle technologickych tfid vyrubu. RaZzba
novych tunelovych tubusti bude probihat v prachovitych az jemné
piscitych bridlicich a v kfemencovych piskovcich. V portalovych
oblastech bude tunel realizovan v oteviené stavebni jAmé s rovnym
dnem. Osténi tunelu zde bude nakonec piesypéno.

Sekundarni osténi bude provedeno z vodonepropustného mo-
nolitického Zelezobetonu. NavrZena je specidlni koncepce izolace
pro tlak vody az 12 bar, kterd bude vyvinuta specidlné pro novy
Rudersdorfsky tunel jako pilotni projekt.

Severni portal nového tunelu se bude nachazet v km 117,456,
tedy zhruba o 170 m dale na severozapad od portdlu stivajiciho.
Jizni portal bude v km 120,514, tedy zhruba 230 m jihovychodné
od portélu stavajictho. Novy tunel, se svou délkou 3 058 m, bude
0 406 m prekondvat délku tunelu stavajiciho. V oblasti novych por-
tall se nachazi zemédélsky vyuzivané plochy a pastviny. Nad tune-
lem se rozprostiraji lesy.

VYRAZENI STAVAJICICH TUNELU Z PROVOZU

Po dokonceni vystavby obou novych tuneld budou stavajici vyfa-
zeny z provozu. Veskeré vybaveni uvnitf bude demontovano a sne-
sen bude také kolejovy rost. Stavajici odvodnovaci systém tuneli
bude zachovan a napojen na nové zbudovany odvodiiovaci systém
pred portaly. Stérk Zelezni¢niho svr$ku bude ponechan a reprofilo-
van. Na néj bude nasledné poloZena vrstva drendZni geotextilie pro
zachovani drendzni funkce spodni vrstvy. Na povrch osténi bude po
délce tunelovych opér instalovdna nopova félie pro omezeni vniku
prasakovych vod do zasypu tuneld. Tunely budou nésledné vypl-
nény materidlem z vyrubu tunelovych novostaveb, a to v prevazné
délce obou tunell pfiblizn€ do 1,0 m pod vrchlikem klenby. Vypl-
flovy material bude ukladan po vrstvach tloustky 40 cm a postupné
hutnén. Od drovné 2,0 m az po 1,0 m pod vrchlikem klenby bude
zasyp tunelu provadén bez hutnéni.

V piipadé tunelu Cornberger je kladen diiraz na zachovani sta-
vajicich pamatkoveé chranénych portalovych zdi. Oba konce tunelu
budou stavebné uzavieny priblizné 2,0 m pred licem portalovych
zdi. Na vychodni strané bude uzavien pomoci monolitické Zelezo-
betonové opérné zdi provedené uvnitt profilu tunelu. Koruna zdi se

33. rotnik - €. 1/2024

with an inner diameter (face of the secondary lining) of 4.4m
with a closed bottom was designed, on which a slab track will be
installed (i.e. a profile common in continuous excavation). Escape
routes with a minimum width of 1.2m and a clearance height of
at least 2.25m are designed on both sides of the slab track. The
clearance height of the tunnel will be 7.22m. The longitudinal
slope of the tunnel decreases from the northern portal to the
southern portal with a constant value of 0.61% [5].

Both tunnel tubes including the crossovers will be driven
conventionally using the NATM. The tunnel will be driven from
both directions and concurrently in both tunnel tubes. All tunnel
portals are designed as nailed walls reinforced with shotcrete. The
excavation will be supported by primary shotcrete lining, system
anchoring, and other procedures according to the excavation
classes. The new tunnel tubes will be driven through silty to finely
sandy shales and quartzitic sandstone. In portal areas, the tunnel
will be constructed in an open construction pit with a flat bottom.
The lining of the tunnel will eventually be backfilled over.

The secondary lining will be made of waterproof cast-in-situ
reinforced concrete. A special waterproofing concept for water
pressures up to 12 bar has been designed and will be developed
specifically for the new Rudersdorf Tunnel as a pilot project.

The northern portal of the new tunnel will be located at km
117.456, i.e. approximately 170m further to the northwest from
the existing portal. The southern portal will be located at km
120.514, approximately 230m southeast of the existing portal.
The length of the new tunnel of 3,058m will exceed the length of
the existing tunnel by 406m. The area of the new portals includes
farmland and pastureland. Forests spread over the tunnel.

TAKING THE EXISTING TUNNELS OUT OF OPERATION

The existing tunnels will be taken out of operation once the
construction of the two new tunnels is finished. All the equipment
inside will be dismantled and the track grating will also be taken
down. The existing drainage system of the tunnels will be retained
and connected to the newly constructed drainage system in front
of the portals. The gravel of the trackwork will be retained and
reprofiled. A layer of drainage geotextile will then be laid on top
of it to maintain the drainage function of the sub-base. A dimpled
sheet membrane will be installed on the surface of the lining along
the length of the tunnel sidewalls to limit the infiltration of seepage
water into the tunnel backfill. The tunnels will subsequently be
filled with material from the excavation of the new tunnel structures
for the majority of the length of both tunnels to approximately
1.0m below the top of the vault. The fill material will be placed
in 40cm thick layers and gradually compacted. From the level of
2.0m to 1.0m below the top of the vault, the tunnel backfill will be
placed without compaction.

In the case of the Cornberger Tunnel, the emphasis is on
preserving the existing listed portal walls. Both ends of the tunnel
will be structurally closed approximately 2.0m before the faces
of the portal walls. On the eastern side the end will be closed by
an in-situ reinforced concrete retaining wall constructed within
the tunnel profile. The crown of the wall will be approximately
1.0m below the top of the tunnel vault. The space between the wall
crown and the top of the tunnel vault will be protected by a steel
grating. The wall will be carried out as a self-supporting structure
with a wide foundation. A pipe will be added under the toe to
drain the backfill behind the external side of the wall. A DN800
ventilation duct will be installed at approximately 1/3 of the wall
height. This will also be fitted with a steel grille on the face. On
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bude nachdazet priblizné 1,0 m pod vrchlikem tunelu. Prostor mezi
korunou zdi a tunelovou klenbou bude opatien ocelovou mfizi. Zed
bude provedena jako samonosnd s Sirokym zdkladem. Pod patou
bude doplnéno potrubi pro odvodnéni zasypu za rubem zdi. Ptibliz-
né v 1/3 vysky zdi bude ustit vétraci potrubi DN80O. To bude na
lici rovnéZ opatieno ocelovou miizi. Na zapadni strané bude zasyp
ukoncen pfiblizné 100 m pred portdlem. V této nevyplnéné Casti
tunelu bude stabilita stavajiciho osténi dodatecné zajisténa pomoci
svornikd a vrstvy vyztuZeného stfikaného betonu na lici soucas-
ného kamenného osténi. Ve vrstvé stitkaného betonu budou pro-
vedeny spary a kaverny za icelem vytvoreni vhodnych podminek
pro ukryt netopyrl. Netopyr je totiz chranény Zivocich a nékteré
jeho druhy jsou v soucasnosti az kriticky ohroZené. Netopyfi tak
budou moci vyuZivat veSkeré nevyplnéné casti tunelu. Priblizné
2,0 m pred licem portdlu bude uvnitf profilu tunelu zfizena ocelova
miiz zabratujici neopravnénému vstupu. Osobdm povolanym pak
bude vstup do tunelu naddle umoznén dveifmi, které budou soucasti
miiZe. Pro zvySeni stability portilovych stén bude provedeno je-
jich zajisténi pomoci svornikil v rastru 2,0 x 2,0 m. Portaly budou
nasledné sanovany. Stabilita stavajicich portalovych past bude ze-
vnitf tunelu také zajiSténa pomoci svornikd.

V pfipade¢ stavajiciho tunelu Rudersdorfer dojde k vyplnéni celé
délky az pfiblizné do tdrovné 50 cm pod vrchlik klenby. Pavodni
vétraci Sachty zatim neni v planu zasypat. Vzhledem k tomu, Ze
tento tunel nemé pamatkové chranéné portaly, budou predportalové
oblasti tunelu (pfedzarezy) kompletné zakryty materidlem z vyru-
bu nového tunelu a prizptisobeny pivodnimu terénu. Povrch zasy-
pu predportalovych oblasti bude nasledné rekultivovan a na zanik-
1ém jiznim portalu bude provedena prelozka potoka Trosselbach.
ZAVER

Tento ¢lanek stru¢né popisuje projekt obnovy tuneli Rudersdor-
fer a Cornberger. Vzhledem ke Spatnému stavebnimu stavu obou
tuneld a nevyhovujicim parametrim by pfipadna rekonstrukce byla
jak po strance technické, tak také Casové a ekonomické velice na-
ro¢na. Vyhodnéjsi volbou obnovy je v takovém piipadé vystavba
tunelu nového za soucasného zachovéni provozu v tom stavajicim,
diky ¢emuz nebudou vzristat naklady stavby za nédhradni dopravu.
Pro stavbu samotnou to vSak znamena jisté omezeni. Je zapotiebi
mit detailné zpracovany harmonogram stavebnich praci s ohledem
na stavajici provoz na trati a také mit zajiStény dalsi pfistupy na sta-
venisté. Soucasné, jelikoz se vlastné jedna o prelozku traté, je za-
potiebi upravit vSechny dalsi a navazujici stavebni objekty na trati.

VyuZiti materidlu z vyrubu novych tuneld pro zasyp tunell sta-
vajicich bylo jednozna¢né rozhodnuti jak z hlediska ekonomické-
ho, tak ekologického.

Ing. ALICE ZITTOVA,
azittova@amberg.cz,
AMBERG Engineering Brno, a.s.
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the west side, the backfill will be terminated approximately 100m
before the portal. In this unfilled part of the tunnel, the stability
of the existing lining will be additionally secured with rock bolts
and a layer of reinforced shotcrete on the face of the existing stone
lining. Joints and caverns will be made in the shotcrete layer to
create suitable bat roosting conditions. The bat is a protected
animal and some of its species are currently critically endangered.
This will allow bats to use any unfilled parts of the tunnel.
Approximately 2.0m before the portal face, a steel grating will be
installed inside the tunnel profile to prevent unauthorised access.
Authorised persons will continue to be allowed to enter the tunnel
through a door which will be part of the grating. To increase the
stability of the portal walls, they will be stabilised with 2.0 x 2.0m
long rock bolts. Subsequently, the portals will be rehabilitated.
The stability of the existing portal passages will also be secured
by bolts installed from inside of the tunnel.

In the case of the existing Rudersdorfer tunnel, the entire
length will be filled up to approximately 50cm below the top of
the vault. The filling of the original ventilation shafts has not yet
be planned. As this tunnel does not have any listed portals, the
pre-portal areas of the tunnel (pre-cuttings) will be completely
covered with material from the excavation of the new tunnel
and adapted to the original terrain. The surface of the pre-portal
areas cover will subsequently be reclaimed and the Trosselbach
stream will be relocated to the area in front of the defunct southern
portal.

CONCLUSION

This paper briefly describes the Rudersdorfer and Cornberger
tunnel rehabilitation project. Due to the poor structural condition
of both tunnels and the inadequate parameters, the possible
reconstruction would be very demanding in terms of technical,
time-related and economic aspects. The preferred option for
rehabilitation in such a case is to build a new tunnel while
maintaining traffic in the existing one, which will not increase the
construction costs by incurring the cost of replacement transport.
However, for the construction itself, this implies some constraints.
It is necessary to have a detailed schedule of the construction
works, taking into account the existing traffic on the line, and
also to have another access to the site. At the same time, as this
is actually a track relocation, all other and related construction
objects on the track need to be accommodated.

Using material from the excavation of the new tunnels to backfill
the existing tunnels was a decision clear from both an economic
and environmental point of view.

Ing. ALICE ZITTOVA,
azittova@amberg.cz,
AMBERG Engineering Brno, a.s.
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POUZITI LOKALIZACNI INFRASTRUKUTURY V TUNELECH
NA POZEMNICH KOMUNIKACICH
USE OF LOCATION INFRASTRUCTURE IN TUNNELS ON ROADS

TOMAS TICHY, JIRI BROZ, ADAM STENCEK, RADOVAN PROKES, TOMAS SMERDA

ABSTRAKT

Cilem cldnku je pribliZit metodiku, kterd se zabyvd lokalizacni infrastrukturou v tunelech na pozemnich komunikacich a kterd byla
schvdlena a certifikovdna v roce 2023 na Ministerstvu dopravy CR. Jejim ticelem je zabezpeceni sprdavného postupu pro zajisténi loka-
lizace vozidel s vyuZitim technologie Bluetooth Low Energy (BLE), a to pri vybéru, ndvrhu, projektovdni a realizaci technologii lokali-
zacni infrastruktury v tunelech na pozemnich komunikacich a parkovistich, véetné jejiho vyuZiti pro komunikaci kooperativnich systémii
(C-ITS). Cldnek by mél p¥ibliZit dané téma, jeho uplatnitelnost a prenositelnost znalosti pro lokalizaci v tunelu zejména prislusnym sprdv-
cum tunelit, projektantiim nebo komercnim subjektiim. Nedilnou soucdsti clanku je uvedeni, kde a jak danou technologii umistovat na
dopravni infrastrukturu a jaké prvky pouZivat tak, aby byla zajisténa presnd lokalizace vozidel v uzavienych prostorech, tedy v tunelové
troubé.

ABSTRACT

The goal of the article is to present the methodology that deals with the location infrastructure in tunnels on roads, which was approved
and certified in 2023 by the Ministry of Transport of the Czech Republic. Its purpose is to ensure the correct procedure for the provision
of the system of location of a vehicle using Bluetooth Low Energy (BLE) technology in the selection, design, planning and implementation
of location infrastructure technologies in road tunnels and parking lots, including its use for cooperative systems communication (C-ITS).
The article should introduce the topic, its applicability and transferability of knowledge for localisation in a tunnel, especially to relevant
tunnel managers, designers or administrators. An integral part of the article is the indication of where and how to place the particular
technology on the transport infrastructure and which elements to use to ensure accurate localisation of vehicles in confined spaces, i.e. in

the tunnel tube.

uvob

V tunelech na pozemnich komunikacich neni mozné vyuZivat
bézné dostupné lokalizacni technologie na bézi satelitniho navi-
gacniho systému (GNSS). Predstavené téma ¢lanku vychazi z cer-
tifikované metodiky [1] a souCasné ze zaveért vyzkumného projek-
tu ¢. CK01000163 — ,,Vyzkum alternativnich metod urceni polohy
a jejich integrity s GNSS pro fidi¢e vyuZivajici C-ITS*. Clanek tak
postupné predstavuje rizné technologie a pristupy vyuZitelné pro
lokalizaci v uzavienych prostorech, shrnuje jejich vlastnosti, prino-
sy, omezeni, instalacni a provozni naroky a poskytuje tak obecna
doporuceni ale i moZnosti uplatnéni pro spravce prislusnych do-
pravnich staveb, kdy je vhodné lokaliza¢ni infrastrukturu instalo-
vat, a poskytuje ndvod pro vybér vhodné technologie, parametra
systémi a zdkladni ekonomické hodnoceni pro nasazeni systému
a jeho udrzbu [1].

Lokaliza¢ni systémy a principy navigace na zakladé béZné do-
stupnych pfistupd na bazi GNSS jsou uvniti staveb limitovany
anebo zcela odepreny kvili zamezeni moZnosti pfijmu signalu.
Na dopravni infrastrukture se to tyka zejména tuneld, podzemnich
parkovist nebo jinych zakrytych mist (napf. i vysokou zastavbou).
V téchto mistech je tak nutné vyhledavat alternativni zpisoby, kte-
ré pomohou ke stanoveni polohy vozidel nebo jejimu zpfesnéni,
a tim umoZni poskytovéani aktudlnich lokalné-kontextovych in-
formaci o situaci v silni¢nim provozu. Piikladem muiZe byt feSe-
ni zaloZené na Bluetooth Low Energy (BLE) lokalizaci doplnéné
o vyuziti systémi C-ITS. Obecné schéma architektury navrzeného
systému je uvedeno na obr 1.

Informace o stavu provozu mohou byt distribuovany za pouZiti
systémt C-ITS, jinych komunikac¢nich nebo mobilitnich platforem,
véetné navigaCnich a dopravnich feSeni ke zefektivnéni predavani

INTRODUCTION

It is not possible to use the commonly available satellite
navigation system-based location technologies (GNSS) in road
tunnels. The topic of the presented article is based on the certified
methodology [1] and at the same time on the conclusions of the
research project No. CK01000163 — “Research on alternative
methods of positioning and their integrity with GNSS for drivers
using C-ITS”. Thus, the article step-by-step introduces different
technologies and approaches applicable for confined space loca-
lization, summarises their characteristics, benefits, limitations,
installation and operational requirements, providing general
recommendations but also application options for the managers of
relevant transport structures when it is appropriate to install the
location infrastructure, and provides guidance for the selection of
appropriate technology, system parameters and basic economic
evaluation for system deployment and maintenance [1].

Inside buildings, location systems and navigation principles based
on commonly available GNSS approaches are limited or denied
altogether due to the obstacles to signal reception. In transport
infrastructure, this applies in particular to tunnels, underground car
parks or other covered up areas (e.g. also high buildings). In these
locations, it is therefore necessary to look for alternative ways to
help determine or refine the location of vehicles, thus enabling the
provision of up-to-date local-contextual information on the traffic
situation, for example a solution based on Bluetooth Low Energy
(BLE) localisation complemented by the use of C-ITS systems.
A general architecture diagram of the proposed system is shown
in Fig. 1.

Traffic status information can be distributed using C-ITS
systems, other communication or mobility platforms, including
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a zvySeni dostupnosti lokalizovanych do-
pravnich informaci fidic¢tim. Jde napft. o [1]:
e dulezita dopravni upozornéni vztaZze-
na ke konkrétnimu mistu v tunelu (ne-
hoda u portélu);

e polohu, pasport a stav proménnych

dopravnich znacek;

e stupné dopravy a zpresnéné udaje

o Casu prijezdu tunelem;

* polohu bliZicich se vozidel integrova-

ného zachranného systému (IZS);

e prijezd vozidel udrzby etc.

Systém lokalizace umoZni poskytovat
informace o poloze vozidel také spravcim
dopravni infrastruktury a slozkam IZS.
Spravceim dopravni infrastruktury umoZzni
lokalizace zejména [1]:

e snizit rizika a celkové pocCty mimo-

fadnych udalosti na dopravni infra-

tunelova sit
tunnel net

server
server

beacon 2
beacon 2

beacon 1

beacon 1 RSU

struktufe poskytovanim relevantnich
lokalizovanych informaci o déni na
komunikaci;

e zvysit plynulost a bezpecnost dopravy vcetné efektivity v or-
ganizaci dopravy;

e navigovat vozidla udrzby na konkrétni misto poruchy ¢i vy-
padku zafizeni;

* podporovat slozky IZS poskytovanim informaci o poloze inci-
dentt a poctu ohroZenych vozidel;

* zvysit informovanost uZivateld dopravniho systému.

LOKALIZACNI INFRASTRUKTURA

Lokaliza¢ni infrastruktura je dodatecna hardwarova infrastruk-
tura umoznujici vozidlim nachazejicich se v tunelovych objektech
na pozemnich komunikacich (PK) ziskdvat vyznamné piesnéjsi
a spolehlivéjsi informace o jejich poloze budto v celé délce do-
pravni stavby, nebo pouze na dilezitych mistech, déle napt. sdéleni
upozoriiujici na nadchdzejici manévr (na ktery se muze ridi¢ pfi-
pravit v dostate¢ném predstihu), o stavu proménnych dopravnich
znacek a dalsi oznameni (napriklad pred kiiZovatkou nebo v mis-
tech propojek v tunelu apod.).

Pro efektivni vyuziti lokalizacni infrastruktury je dostupnych
nékolik technologii. V nasledujicim popisu se uvadi pouze takové
systémy, které jsou redlné v masovém meéfitku vyuzitelné. Hlav-
nimi kritérii pro ur€eni vhodnosti vyuZiti dané technologie byla
béZna dostupnost ve vozidlech, navigacich a mobilnich telefonech,
spolehlivost, pfesnost, a pfiméfené investicni a provozni naklady
véetné udrzby [3, 6, 7].

Bluetooth Low Energy

Technologii BLE lze pro navigaci v krytém prostfedi vyuzit
mnoha zplsoby, ale jednim z béZnych pfistupt je pouziti beaco-
nd (majaka), jeZ jsou umistény na definovanych mistech. Jedna
se o mald bezdritovd zafizeni prib&zné vysilajici signdly pomo-
ci technologie BLE, které mohou byt pfijimdny chytrymi telefo-
ny nebo jinymi zafizenimi vybavenymi pfislusnou aplikaci, které
pak mohou na zdkladé sily signalu a dalSich informaci ur¢it polohu
vzhledem k danému beaconu. Aplikace neustdle vyhledéva beaco-
ny v okoli a na zéklad¢ sily signdlu a dalSich ddaji, véetn€ znalosti
umisténi beacond v daném prostoru, urcuje polohu uzivatele. Tu je
mozné ur¢it raiznymi metodami (triangulace, trilaterace, fingerprin-
ting, proximity) [1, 3, 6, 7].

Obr. 1 Schéma navigace vozidla v tunelu
Fig. 1 Chart of vehicle navigation in tunnel

navigation and traffic solutions to make the delivery more effective
and increase the availability of localised traffic information to
drivers. Examples include [1]:

* important traffic warnings related to a specific location in the
tunnel (accident at the portal);

* position, passport and status of variable traffic signs;

e traffic volume levels and refined tunnel travel time data;

¢ the location of approaching Integrated Rescue System vehicles
(IRS);

* passage of maintenance vehicles etc.

The location system will also provide information on the location
of vehicles to transport infrastructure managers and the Integrated
Rescue System (IRS). In particular, the location system will enable
transport infrastructure managers [1]:

* reduce the risks and overall number of accidents on the
transport infrastructure by providing relevant localised
information about what is happening on the road;

* improve traffic flow and safety, including efficiency in trans-
port organisation;

* navigate maintenance vehicles to the specific location of an
equipment failure or outage;

 support the emergency services by providing information on
the location of accidents and the number of vehicles at risk;

* increase the awareness level of transport system users.

LOCATION INFRASTRUCTURE

The location infrastructure is an additional hardware infra-
structure that allows vehicles in tunnel structures on roads to obtain
significantly more accurate and reliable information about their
location either along the entire length of the transport structure or
only at important points, and, for example, information cautioning
about a forthcoming maneuvre (for which the driver can get
prepared at sufficient advance) about the state of variable message
signs and other notifications (e.g. before an intersection or at tunnel
Cross passages, etc.).

Several technologies are available for effective use of the
location infrastructure. In the following description, only systems
that are realistically applicable on a mass scale are presented.




Kooperativni inteligentni dopravni systémy

Kooperativni inteligentni dopravni systémy (C-ITS) jsou vyuZzi-
véany pro pienos dopravnich informaci mezi vozidly a infrastruktu-
rou. Tyto systémy lze vyuZit nejen pro samotny pienos zprav, ale
pomoci komunikacni technologie by bylo mozné je vyuZivat i pro
samotnou lokalizaci dle kvalitativnich parametrd této komunikacéni
sité, napr. pomoci sily signdlu, ztratovosti paketl, doby prenosu
apod. V soucasném stavu vsak tato technologie takové funkcio-
nality béZné nenabizi a neni proto také vyuzivana. Jedna se vsSak
o potencialni uvazované feSeni, v soucasném stavu spadajici spise
do vyzkumnych disciplin, jak tyto technologie vyuZivat, a to i pro
jiné ucely, neZ je pouze prenos dopravnich informaci [1, 3, 6, 7].
Wi-Fi

Znama technologie, kterd vyuZiva sit pfistupovych bodu (access
pointil) a metody zndmé jako fingerprinting. Piistupové body Wi-Fi
je nutné umistit na znimych mistech ve vnitinim prostiedi. Osoba,
ktera se chce v tomto prostedi pohybovat, ma u sebe chytry telefon
nebo jiné zafizeni vybavené technologii Wi-Fi a pfislusnou aplika-
ci. Aplikace nepretrzité vyhledava blizké pristupové body Wi-Fi,
méfi silu signdlu a zaznamendava dalsi tidaje kazdého pristupového
bodu. Aplikace zaznamend otisk prostiedi na zakladé€ sily signalu
a dalSich udaji kazdého pfistupového bodu. Tento otisk predstavu-
je jedinecny podpis prostredi, ktery 1ze v budoucnu pouzit k iden-
tifikaci polohy zafizeni. Zaroveii je nutné v pribéhu ¢asu provadét
validaci tohoto otisku, nebot se technické parametry, napiiklad sila
signalu, mohou zménit oproti stavu, kdy byl otisk prostiedi vy-
tvofen. Tento nesoulad by mél negativni vliv na pfesnost uréeni
polohy [1, 4, 6, 7].

GNSS opakovace (GNSS Repeatery)

Jednim z béZnych pristuptl je vyuziti technologie globalniho na-
vigacniho druzicového systému (GNSS). Technologie GNSS vsak
muZe byt nachylna k chybam, zejména v méstském prostiedi a v pro-
stfedi, kde mohou byt signaly blokovany nebo odraZeny, jako jsou
napiiklad tunely. V pripad€, Ze GNSS neni k dispozici, je mozné
vyuZiti principu opakovani signalu z dostupnych mist na mista v za-
krytu. GNSS opakovace jsou zafizeni, kterd se skladaji ze dvou Cas-
ti: antény (pfijimace), umisténé na mist€¢ s dobrym piijmem GNSS
signalu a opakovace (vysilace), umisténého v kryté ¢asti dopravni
infrastruktury (tunely, podzemni parkovi$te). Zafizeni zachytava sig-
naly z vice GNSS satelitli, prenasi je do opakovace uvniti' tunelu/
parkovisté a nasledné je znovu vysila. Ackoliv je toto feSeni vhod-
né pro krytd parkovisté, haly apod., pro dlouhé tunely s umisténim
kfizovatek a zménou rychlosti se mize ukazat jako limitujici, nebot
opakovac vSude ve svém dosahu vysild signal ze satelitl zachyceny
v poloze umisténi prijimace. Jedna se tedy o zprostfedkovani loka-
liza¢ni informace definované pouze pro jeden konkrétni bod, ktery
se z principu vyraznég 1i§i zejména v parametru altitude (nadmorské
vySce), ktery je pro navigacni sluzby zcela zasadni, zejména pro ta-
kovou ulohu, jakou je hustd méstska dopravni sit.

Bé&Zzné uZivany princip GNSS urceni polohy pracuje s dobou letu
signalu z rznych satelitd — ten je na riznych mistech vZdy rizny,
zatimco v dlouhych tunelovych stavbach na vSech mistech v dosa-
hu opakovace je signdl ze satelitti vSude stejny a urend poloha je
pak také stejna (odpovida poloze pfijimace na povrchu), ackoliv
se uzivatelé v tunelu pohybuji riznou rychlosti. Pfi vyuziti GNSS
opakovaci dochazi v aplikacich nezfidka k uplnému rozpadu ur-
¢eni polohy — rizné senzory urovani polohy za¢nou poskytovat
protichiidné informace — napf. senzor otdceni kol hlési, Ze se kola
otaci, ale GNSS prijimac se silnym signdlem z opakovace tvrdi, Ze
vozidlo stoji na misté, nebot je pfendsena pouze polohova informa-
ce o prijimaci. Z tohoto diivodu se pouZiti opakovact pro aplikace
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The main criteria for determining the suitability of using a given
technology were common availability in vehicles, navigation bars
and mobile phones, reliability, accuracy, and reasonable investment
and operating costs including maintenance [3, 6, 7].

Bluetooth Low Energy

The BLE technology can be used for navigation in covered
up environments in many ways, but one common approach is
to use beacons that are placed at defined locations. These are
small wireless devices that continuously transmit signals using
BLE technology, which can be received by smartphones or other
devices equipped with a relevant application, which can then use
the signal strength and other information to determine the location
relative to the beacon. The application constantly searches for
beacons in the vicinity and determines the user’s location based on
signal strength and other data, including knowledge of the location
of the beacons in the area. This can be determined by various
methods (triangulation, trilateration, fingerprinting, proximity)
[1,3,6,7].

Cooperative Intelligent Transport Systems

Cooperative Intelligent Transport Systems (C-ITS) are used to
transfer traffic information between vehicles and infrastructure.
These systems can be used not only for the transmission of messages
themselves, but by using communication technology they could
also be used for localisation according to the quality parameters
of the particular communication network, e.g. according to signal
strength, packet loss rate, transmission time, etc. However, in
the current state, this technology does not normally offer such
functionality and is therefore not used. However, it is a potential
solution under consideration, in the current state falling more
into research disciplines, how to use these technologies, even for
purposes other than just the transmission of traffic information
[1,3,6,7].
Wi-Fi

A well-known technology that uses a network of access points
and a method known as fingerprinting. Wi-Fi access points need to
be placed in known locations in the indoor environment. A person
who wants to move around in this environment has a smartphone
or other Wi-Fi-enabled device and an appropriate application. The
application continuously searches for nearby Wi-Fi access points,
measures signal strength and records other data for each access
point. The application records an environmental “fingerprint”
based on the signal strength and other data of each access point.
This fingerprint represents a unique environmental signature that
can be used to identify the location of the device in the future. It
is also necessary to validate this fingerprint over time as technical
parameters, such as signal strength, may deviate from the state
when the environmental fingerprint was created. This mismatch
would have a negative impact on the accuracy of the position
determination [1, 4, 6, 7].

GNSS Repeaters

One common approach is to use global navigation satellite system
(GNSS) technology. However, GNSS technology can be prone to
errors, especially in urban environments and in environments where
signals may be blocked or reflected, such as tunnels. Where GNSS
is not available, it is possible to use the principle of repeating the
signal from accessible locations to the covered up locations. GNSS
repeaters are devices that consist of two parts: an antenna (receiver)
installed in a location with good GNSS signal reception and
a repeater (transmitter) located in a covered up part of the transport
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v tunelech silné nedoporucuje [1, 3, 6, 7], nebo je nutné zajistit
jejich velkou cetnost, coZ je finan¢né velmi ndkladné a v nékterych
pripadech nerealizovatelné kvuli opravnéni nezbytnému k umis-
téni takovych technologii, naptiklad kvuli zastavbé ve méstech,
nebo velmi nevhodnému terénu, napiiklad v horskych oblastech ¢i
v krajnich ptipadech, kdy je tunel veden pod vodou.

Shrnuti technologii

V ramci reSerse jednotlivych technologii je nutné uvazovat i je-
jich podporu koncovym zafizenim a penetraci do takovych zafize-
ni, kterd jsou béZn¢€ pouZivana ve vozidlech. Nékteré technologie se
ukézaly jako nevhodné, a to jak z hlediska technické implementace
androc¢nosti provozu, tak i z pohledu ekonomické navratnosti. Jako
nevhodné feseni se ukazalo vyuZiti technologie bodovych GNSS
opakovaci, které svadéji zachyceny signal z povrchu a pfenasi jej
primo do tunelu. Takové feSeni tedy podporuje pouze bodovou lo-
kalizaci ve vybranych mistech podzemni stavby, nicméné lokali-
zace neni podporovdna v celé délce tunelu, coz vede k dalSimu
zhor$eni ur€ovani polohy u vétSiny systémi, kombinujicich GNSS
pfijima¢ s dalsi technologii nebo predpokladajicich nefunkénost
GNSS v tunelech (napf. vétSina navigacnich aplikaci).

Také je nutné brat v potaz charakteristiku tunelovych staveb a moz-
nost vyuziti stavajicich napdjecich a datovych siti ¢i jiné konektivity
[2, 5]. Technologie BLE nevyzaduje specifické napojeni na stavajici
infrastrukturu tunelu, ale je z tohoto pohledu zcela autonomni, pe-
netrace komunikacni technologie v zafizenich a vozidlech je vysoka
a implementace zafizeni je nenaro¢na [1, 7], viz umisténi beacont
na osténi v tunelu (obr. 2a). Do budoucna se jevi jako vhodné zava-
dét do tunelu i C-ITS infrastrukturu, viz umisténi RSU (obr. 2b), jez
md vyrazné SirSi potencidl vyuZiti neZ ostatni uvedené technologie,
zejména s ohledem na dopravu a Sifeni fidicich a informacnich dat
mezi vozidlem a infrastrukturou nebo vozidly navzajem. Pro C-ITS
je potieba pocitat s investicnimi naklady na vybudovani nebo dovy-
baveni napdjeci a datové konektivity [1, 6].

DOPORUCENI PRO LOKALIZACNI INFRASTRUKTURU

Nasazeni lokaliza¢ni infrastruktury miize mit dopad na zvyseni
bezpecnosti provozu diky lepsi orientaci sloZek IZS pfi mimorad-
nych situacich, ale i lepsi informovanost fidic¢t projizdéjicich tune-
lem. Dne3ni silni¢ni tunely dosahuji standardné délky nékolika km.
Pro slozky IZS, které ptijizdé€ji k zasahu, je rychlé a jednoznacnd
orientace v tunelu jednou z podminek uspéSného zasahu.

Prijezd tunelem muzZe mit i negativni dopad na chovani fidice,
zvySovani hladiny stresu a sniZovani ptehlednosti situace i orien-
tace ve stisnéném prostiedi [8, 9]. Vse je jesté umocnéno absenci
pfirozenych orienta¢nich bodu, ptipadné vypadkem lokaliza¢nich
sluzeb a navigaci. Nékteii fidi¢i reaguji na vjemy prichdzejici v ji-
nou nez o¢ekavanou dobu Casto zkratkovité, anebo jsou nepozorni.
Mohou provadét nebezpe¢né manévry, které zahrnuji nahlé zmény
sméru jizdy na posledni chvili, ale vyjime¢né bylo zdokumentova-
no i couvani nebo otaceni v tunelu. V téchto mimoradné nebezpec-
nych situacich miZe dojit k nehodam s vaznymi nasledky na zdravi
i Skoddm na majetku véetné samotné dopravni infrastruktury [8, 9].

Pro urceni, zda je tunel problematicky pro navigacni aplikace
a zda je vhodné realizovat lokalizaCni systém, je nutné posouzeni
konkrétniho objektu kazdym z niZe uvedenych faktord uvedenych
v tab. 1, jeZ vychazi jako doporuceni ze zavéra z vyzkumného pro-
jektu ¢. CK01000163. Vysledné doporuceni je maximem z dopo-
ruceni za jednotlivé faktory na definované Skale: 5 = Nutné, 4 =
Velmi doporucené, 3 = Doporucené, 2 = Vhodné, 1 = Neutrilni,
0 = Nevhodné [1].

Lokaliza¢ni infrastruktura miZe byt dale vyuZzita a rozsirena také
o zdroj informaci o poloze vozidel (pfipadné osob) prostiednictvim
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infrastructure (tunnels, underground car parks). The device cap-
tures signals from multiple GNSS satellites, transmits them to
a repeater inside the tunnel/parking lot and then re-transmits them.
Although this solution is suitable for indoor parking lots, halls, etc.,
in the case of long tunnels with intersections and speed changes
it may prove limited as the repeater transmits the signal from the
satellites captured at the receiver located everywhere within the
signal range. It is therefore a mediation of location information
defined for one specific point only, which differs significantly
in principle, especially in the altitude parameter, which is quite
crucial for navigation services, especially for tasks operation
in dense urban traffic network. The commonly used principle of
GNSS positioning works with the time of flight of the signal from
different satellites, which is always different at different locations,
while in long tunnel structures in all locations within the range of
the repeater the signal from the satellites is the same everywhere
and the determined position is then also the same (corresponding
to the position of the receiver on the surface), although the users
move at different speeds in the tunnel. In applications using GNSS
repeaters, it is not uncommon for positioning to become completely
broken up because different positioning sensors start to provide
conflicting information, e.g. a wheel rotation sensor reports that
the wheels are turning, but a GNSS receiver with a strong signal
from the repeater claims that the vehicle is stationary, as only
the positional information of the receiver is transmitted. For this
reason, the use of repeaters for tunnel applications is strongly
unrecommended [1, 3, 6, 7] or requires a high frequency of
repeaters, which is very costly and in some cases unfeasible due to
the permissions necessary to place such equipment, for example,
due to urban development or very unsuitable terrain, for example,
in mountainous areas or in extreme cases where the tunnel is
underwater.

Summary of technologies

In the context of the of individual technologies search, it
is also necessary to consider their support to end devices and
penetration into such devices that are commonly used in vehicles.
Some technologies have proven to be unsuitable, both in terms
of technical implementation and operational complexity, and
in terms of economic return. The use of GNSS point repeater
technology, which brings the captured signal from the surface
and transmits it directly into the tunnel, has proven to be an
inappropriate solution. Such a solution therefore only supports
point localisation in selected areas of the underground structure,
however, localisation is not supported along the entire length of the
tunnel, which leads to further deterioration of positioning in most
systems combining a GNSS receiver with another technology or
assuming GNSS non-functionality in tunnels (e.g. most navigation
applications).

It is also necessary to take into account the characteristics of
tunnel structures and the possibility of using existing power supply
and data networks or other connectivity [2, 5]. The BLE technology
does not require a specific connection to the existing tunnel
infrastructure, but it is completely autonomous in this respect,
the penetration of the communication technology in devices and
vehicles is high and the implementation of the device is low-cost
[1, 7], see the placement of the bacon on the lining in the tunnel
(Figure 2a). In the future, it seems appropriate to also introduce
C-ITS infrastructure in the tunnel, see the placement of RSUs
(Fig. 2b), which has a significantly wider application potential
than the other mentioned technologies, especially with respect to




Obr. 2 a) Umisténi beaconu na osténi v tunelu Mrdzovka; b) Umisténi RSU v tunelu Hrebe¢
Fig. 2 a) Position of a beacon on the lining of the Mrdzovka tunnel, b) RSU position in Hiebec tunnel

monitoringu a detekce téchto objektd, resp. komunikacnich zatize-
ni, které tyto objekty maji zabudované, a také v pripadé osob které
je nosi u sebe (zejména mobilnich telefony, chytré hodinky apod.).
Dle typu technologie jsou takové objekty pfimo detekovatelné, po-
kud maji zapnutou komunikaci pomoci podporované technologie
(Wi-Fi, Bluetooth apod.). V pripadé navrhované lokaliza¢ni infra-
struktury na standardu BLE musi byt uZivatelé vybaveni kompa-
tibilni aplikaci, ktera komunikuje pies mobilni sif a internet s re-
gistrem lokalizacnich prvkd, ktery preda informace také i fidicimu
systému tunelu [1, 3, 7].

INSTALACE TECHNOLOGIE V TUNELU

Instalace beaconti

Beacony je vhodné umistovat optimdlné v pravidelné rozteci
20 az 40 m, do stejné vysky (idedlné ve vySce 4 aZ 5 m, mimo
plochy osetfované kartd¢ovym mytim) a pokud mozno mimo jizdni
pruh (obr. 3) [1].
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the transport and dissemination of
control and information data between
the vehicle and the infrastructure or
vehicles exchange it with each other.
For C-ITS, the investment cost of
building or retrofitting power supply
and data connectivity has to be taken
into account [1, 6].

RECOMMENDATIONS FOR
LOCATION INFRASTRUCTURE

The deployment of the location
infrastructure can have an impact
on increasing traffic safety through
better orientation of the emergency
services in emergency situations, as
well as better information for drivers
passing through the tunnel. Today ‘s
road tunnels are typically several
kilometres long. For the emergency
services arriving at the intervention
site, quick and clear orientation in
the tunnel is one of the conditions
for a successful intervention.

Passing through a tunnel can also
have a negative impact on driver
behaviour, increasing stress levels
and reducing the clarity of the
situation and orientation in a confined environment [8, 9]. All of
this is enhanced by the absence of natural points of reference or the
failure of location services and navigation. Some drivers often react
to perceptions arriving at a time different than expected in a shortcut
or inattentive manner. They may perform dangerous manoeuvres
involving sudden last-minute changes in direction, however,
reversing or turning in a tunnel has rarely been documented. In
these extremely dangerous situations, accidents can occur with
serious consequences to health and damage to property, including
the transport infrastructure itself [8, 9].

For the purpose of determining whether a tunnel is problematic
for navigation applications and whether it is appropriate to
implement a localisation system, it is necessary to assess the specific
object by each of the factors listed below in Table 1. They are
based on the conclusions of research project No. CK01000163 as
recommendations. The resulting recommendation is the maximum
of the recommendations for each factor on a defined scale:

5 = Required, 4 = Highly Recommended, 3 =

zdroj: [1] source: [1]

o

#

Recommended, 2 = Appropriate, 1 = Neutral,
0 = Not Appropriate [1].

The localization infrastructure can also be
used and expanded by adding a source of
information about the location of vehicles (or
people) through monitoring and detection of

_

these objects, or communication devices that

3t

Beocon 09

36|37

have these objects built in, and also in the case
of people who carry them (especially mobile

Beocon 10

vzdalenost mezi beacony 20-40 m
distance between beacons 20-40 m

phones, smart watches, etc.). Depending
on the type of technology, such objects are
directly detectable if they are allowed to
communicate using a supported technology

Obr. 3 VyFez z piidorysu tunelu
Fig. 3 Cutout of the tunnel's longitudinal ground plan

zdroj: [1 s [1 . .
o1 source: 1] (Wi-Fi, Bluetooth, etc.). In the case of the

proposed localisation infrastructure based
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Tab. 1 Doporuceni pro instalaci lokalizacniho systému [1, 3]

TuNel

Faktor Doporuceni pro instalaci lokalizacniho systému
A | existence rozpletu; A1) pro 1 rozplet: Velmi doporucené;
nutnost rozhodnout 0 sméru cesty uvnit tunelu; A2) pro 2 a vice rozpletl: Nutné vzdy;
A3) pro 1 rozplet v kombinaci s B1), B2),
C1-4) nebo D1): Nutné;
A4) pro 1 rozplet, pokud se nachazi vice jak 40 vtefin jizdy od nejvzdalenéj$iho viezdu
do tunelu pfi nejnizsi béZné dosahované rychlosti proudem vozidel;
B | existence kfizovatky nebo sjezdu; bezprostfedné za vyjezdem | pokud vozidla po vyjezdu z tunelu k mistu odboceni' pfi nejvy$si povolené rychlosti
z tunely; dorazi za:
B1) méné nez 10 vtefin: Nutné;
B2) 10 az 20 vtefin: Velmi doporucené;
B3) 20 az 30 vtefin: Doporucené;
B4) 30 az 60 vtefin: Vhodné;
C | zmény rychlosti z dlvodu tvaru a uspfadani komunikace; rozdil ¢asU, za které by primérna vozidla cely tunel projela pfi nejvy$si a nejnizsi rych-
vozidla alespon v nékterych mistech méni rychlost z divodu | losti, jiz dosahuji béhem jedné jizdy timto tunelem?:
napf. obloukU; klesani/stoupani, zizeni/rozSifeni, zmény potu | C1) vice nez 40 vtefin: Nutné;
jizdnich pruhd a dalSich faktorl souvisejicich s morfologii C2) 30 az 40 vtefin: Velmi doporuceng;
a technickym stavem tunelu; C3) 20 az 30 vtefin: Doporucené;
C4) 10 az 20 vtefin: Vhodné;
D |doba jizdy tunelem; nejdelSi doba jizdy tunelem pfesahuije za nejnizsi bézné dosahované rychlosti proudu
doba jizdy tunelem po nejdelSi mozné trase (vjezd / vyjezd) vozidel:
za nejnizsi bézné dosahované rychlosti proudu vozidel; D1) nad 120 vtefin: Velmi doporucené;
D2) 90 az 120 vtefin: Doporuéené;
D3) 30 az 90 vtefin: Vhodné;
E | vyskyt kolon v tunelu; zahrnout béZné dosahované zdrZeni do vypoétu ¢asu bodii A4), C) a D);
F [ bézna regulace vyjezdu z tunelu (napf. pomoci svételného zahrnout béZné dosahované zdrzeni do vypoctu ¢asu bodd A4), C) a D);
signalizacniho zarizeni — SSZ);
G | vySSi bezpecnostni riziko; dle miry zavaznosti a délky tunelu zvysit o 1 az 3 stupné maximalni z doporuceni
vy$Si nehodovost, nevhodné bezpecnostni feSeni pro pfipad | dle ostatnich faktoril (az po stupent Nutné);
mimoradnych udalosti; pfeprava nebezpecnych latek, casté
vyuzivani bezpe€nostnich zalivl aj.;
H | riziko ztraty orientace nebo pozornosti Fidicu; dle miry zavaznosti a délky tunelu zvysit o 1 az 3 stupné maximalni z doporuceni

tunel je monotdnni, bez orientaénich prvki a zmén prostredi.

dle ostatnich faktor(i (az po stupef Nutné).

1 Hranicni ¢ara kiizovatky nebo zacatek plné ¢ary oddélujici odbocovaci a priibézny pruh
2 Doporucuje se Zjistit, za jaké situace (jizda max. povolenou rychlosti, jizda za silného provozu, jizda pfi regulované rychlosti apod.; v potaz se neberou mimoradné situace)

Table 1 Recommendations for installation of a location system [1, 3]

Factor Recommendation for installation of a location system
A | existence of bifurcation; A1) for 1 bifurcation: highly recommended;
necessity to decide on the direction of travel inside tunnel; A2) for 2 and more bifurcations: always Necessary:
A3) for bifurcation combined witth B1), B2),
C1-4) or D1): Necessary;
A4) for 1 bifurcation, if it is located more than 40 seconds from the most distant entrance
to the tunnel at the lowest possible speed commonly achieved by the vehicle flow;
B | existence of intersection or descending section immediately if vehicles after exiting the tunnel reach the point of branching at the highest permissible
behind the tunnel exit; speed in:
B1) less than 10 seconds: Necessary;
B2) 10 to 20 seconds: Highly recommended;
B3) 20 to 30 seconds: Recommended;
B4) 30 to 60 seconds: Appropriate;
C |[changes in speed due to road geometry and configuration; difference between times for which average vehicles would pass through the entire
vehicles change their speed at least in some locations due to | tunnel at the highest and lowest speed they achieve during travel through this tunnel?:
e.g. bends, downhill or uphill gradients, reduced or extended [ C1) over 40 seconds: Necessary;
width, changed number of lanes and other factors relatingto [ C2) 30 to 40 seconds: Highly recommended;
morphology and technical condition of the tunnel; (C3) 20 to 30 seconds: Recommended;
C4) 10 to 20 seconds: Appropriate;
D |duration of travel through the tunnel; the longest duration of travel through the tunnel at the lowest commonly achieved veloci-
duration of travel through the tunnel along the longest possible |ty of the flow of vehicles exceeds:
route (entrance / exit) at the lowest velocity of the flow of D1) over 120 seconds: Highly recommended;
vehicles achieved; D2) 90 to 120 seconds: Recommended;
D3) 30 to 90 seconds: Appropriate;
E | occurrence of columns in tunnel; include commonly achieved delay into calculation of time of points A4), C) and D);
F [ common regulation of exit from the tunnel (e.g. using traffic include commonly achieved delay into calculation of time of points A4), C) and D);
light signals - TLS);
G | higher safety risk; according to the severity degree and the tunnel length increase by 1 to 3 degrees
higher accident rate, inappropriate safety solution in case the maximum of the recommendations according to other factors (up to the degree
of extraordinary events; transport of dangerous substances, Necessary);
frequent use of safety lay-bys efc.;
H | risk of losing orientation or attention of drivers; according to the severity degree and the tunnel length increase by 1 to 3 degrees

tunnel is monotonous, without orientation elements and chan-
ges in environment.

the maximum of the recommendations according to other factors (up to the degree
Necessary).

1 The intersection boundary line or the beginning of the continuous line separating the turning and through lanes
2 ltis recommended to find out in what situation (driving at the maximum permitted speed, driving in heavy traffic, driving at a regulated speed, etc.; emergency situations are not taken
into account)
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Installation of beacons

Beacons should ideally be
installed at a regular spacing of 20
to 40m, at the same height (ideally
at 4 to Sm, outside of brush-washed
areas) and preferably outside the
traffic lane (see Fig. 3) [1].

Specific action must be taken
at points of bifurcations, where

17:12:29
17:12:46

Obr. 4 Naméiené hodnoty RSSI p¥i priijezdu tunelem
Fig. 4 RSSI values measured during passage through tunnel

Specificky se musi postupovat v mistech rozplett, kde je idedlni
zamezit Sifeni signalu zafizeni do vice smérQ jizdy. Dale je nut-
né specificky oSetfit mista, kde dochézi k napojeni vice jizdnich
nebo pfipojovacich pruht, vcetné téch, kde se nachézi technologie,
tunelové propojky, SOS skiiné a dalsi objekty, které brani pravi-
delnému rozmisténi beaconil v definované rozteci. V pripadé ko-
lize mista instalace beaconu s vybavenim tunelu je mozné beacon
posunout horizontdln€ mimo kolizni objekty, av§ak do maximalni
vzdélenosti +2 m. Tento posun musi byt explicitné zdokumentovan
a zaméfen. Vhodné je dodrzovat min. vzdalenost doporucenou do-
davatelem technologie také mezi kabelovym vedenim a zafizenimi.
Instalace beaconil probihd dle zpracované realizacni dokumentace
pri uzavére tunelu z divodu zajisténi bezpecnosti pracovniki. Pra-
ce by mély byt zkoordinovany s ohledem na predpoklad instalace
jednoho beaconu (2 minuty trvajici technologicky proces) + piejez-
du na instalaci druhého beaconu cca do 12 minut viéi celkovému
omezenému Casu tunelové uzavirky a poctu instalovanych zatizeni
[1,3].

Soucasné s instalaci je nutné provadét validacni test prijezdu
tunelem vcetné prijmu na strané koncového zafizeni s detekci
sily signdlu (RSSI — Received Signal Strenght Indicator — obr. 4),
kde jsou patrné nartisty RSSI v ¢ase odpovidajicim prabéhu jizdy

vy

(v aktualnim Case je nejsilnéjsi signdl od nejbliz§iho beaconu) [7].

Instalace C-ITS

Pro zvySeni bezpeCnosti tunelovych staveb a poskytovéni re-
levantnich dopravnich informaci prostfednictvim C-ITS je zcela
nezbytné, aby byl tunel pokryt v celé své délce dosahem signalu
ITS-G5 (standardizovany protokol pro komunikaci mezi vozidly
a infrastrukturou). Maximalni komunikacni dosah se muze liSit
dle typu RSU jednotek (Road Side Unit — jednotka na dopravni
infrastruktufe), prip. kvality antén, avSak je nezbytné brat v potaz
i sloZitost tunelové stavby na PK, v¢etné dopravnich intenzit, ne-
bot i samotna vozidla projizdéjici tunelem mohou byt prekdzkou
pro vlastni komunikaci mezi RSU a vozidlem (stinéni komunikace
nakladnim vozidlem apod.). V pfipad¢ tunelu, kde absentuji pripo-
jovaci pruhy a vyjezdy, neni vyrazné ¢lenén a nevykazuje horizon-

talni ¢i vertikalni zakfiveni, je dosah vyssi a rozmisténi RSU muze
mit vyssi rozte¢ mezi jednotlivymi instalovanymi prvky. Jedna se

it is ideal to prevent the signal
propagated by the device in mul-
tiple directions of travel from
spreading into more directions.
In addition, specific treatment must be given to locations where
multiple travel lanes or slip lanes are connected, including where
there is equipment, cross passages, SOS cabinets, and other objects
that prevent the regular installation of beacons at defined spacing.
In the event of a collision between the beacon installation location
and tunnel equipment, the beacon may be moved horizontally away
from the colliding objects, but within a maximum distance of +2m.
This displacement shall be explicitly documented and surveyed. It
is advisable to observe the minimum distance recommended by the
equipment supplier also between the cabling and the equipment.
The installation of beacons takes place according to the elaborated
detailed documentation during the tunnel closure to ensure the
safety of the workers. The work should be coordinated with
regard to the assumption of installation of one beacon (2 minutes
of technological process) + changeover to the installation of
the second beacon within 12 minutes in relation to the overall
limited time of tunnel closure and the number of installed
devices [1, 3].

Simultaneously with the installation, it is necessary to perform a
validation test of the tunnel passage including reception on the end
device side with signal strength detection (RSSI — Received Signal
Strength Indicator — Fig. 4), where increases in RSSI are visible in
time corresponding to the course of the travel (in the current time
the strongest signal is from the nearest beacon) [7].

C-ITS installation

In order to increase the safety of tunnel structures and to provide
relevant traffic information via C-ITS, it is absolutely essential
that the tunnel is covered along its entire length by the ITS-G5
signal range (standardised protocol for vehicle-to-infrastructure
communication). The maximum communication range may vary
according to the type of RSUs (Road Side Units) or the quality
of the antennas, but it is also necessary to take into account the
complexity of the tunnel construction on the road, including traffic
volumes, as even vehicles passing through the tunnel can be an
obstacle to the actual communication between the RSU and the
vehicle (shading of the road by trucks, etc.). In the case of tunnels
where there are no slip lanes and exits, and where the tunnel is

zdroj: [1, 2, 3, 7] source: [1, 2,3, 7]
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predevsim o dalni¢ni tunely, které jsou vedeny v pfimém sméru bez
vyrazného zakiiveni, stoupani ¢i klesdni.

Prikladem instalace je navrh uvedeny na obr. 5, kde je spole¢né
s umisténim RSU znadzornén i projektovy navrh na umisténi BLE
lokalizacnich zafizeni. RSU jednotky je vhodné vZdy umistovat do
dostate¢né vysky, aby komunikace nebyla zastinéna béhem prijez-
du rozmérnych vozidel. Doporucuje se umisténi do vysky alespori
4,5 metru nebo vyssi, a bliZe ke stfedu tunelové trouby, dle specifik
konkrétni tunelové stavby na PK. Optimalni mista pro instalaci jsou
zejména portaly a pficné kabelové lavky, kde je umisténi vhodné
nejen z pohledu rozhledovych podminek a komunika¢niho dosahu,
ale i vedeni datové komunikace ¢i napdjeni. Systém instalace RSU
nebo C-ITS do sité tunelového systému musi mit oddélené datové
pfipojeni od ostatnich tunelovych technologii — napf. samostatna
WLAN, a musi byt zaji$t€no napdjeni elektrickou energii. Pro kon-
krétni feSeni je nutné zpracovat realiza¢ni projektovou dokumen-
taci, jeZ bude obsahovat napdjeni a vlastni pfipojeni na RS (¥idici
systém) tunelu [1, 3, 6].

SHRNUTI

Popisovany navrh slouZi jako pfiblizeni prehledu pozadavka
a definice unifikovaného postupu pfi implementaci lokaliza¢niho
feSeni v tunelovych stavbach na PK, kde neni pokryti GNSS. Ves-
keré ¢asti systému vychazeji ze znalosti popsanych v metodice [1].
NavrZené feSeni na bazi BLE zafizeni implementovanych pfimo
v tunelu umoziiuje ziskdvat dostate¢né presna data pro navigacni
aplikace a informovani fidi¢t ¢i podporu C-ITS feseni, které vyza-
duje aktualizaci polohovych informaci pro plnéni své pozadované
funkce. Pravé BLE feSeni umozZiuje pfepnout zdroj polohovych
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not heavily articulated and does not exhibit horizontal or vertical
curvatures, the range is higher and the RSU placement may have
greater spacing between installed elements. These are primarily
motorway tunnels that run in a straight line without significant
curvature, uphill or downhill sections.

An example of an installation is shown in Fig. 5, where the
design proposal for the placement of the BLE location devices is
shown along with the RSU placement. RSUs should always be
placed at a sufficient height so that the road is not shaded during
the passage of large vehicles. Placement at a height of at least 4.5
metres or higher, and closer to the centre of the tunnel tube, is
recommended, depending on the specifics of the particular tunnel
construction on the road. In particular, portals and cable crossings
are optimal locations for installation, where the localisation is
suitable not only in terms of sight lines and communication range,
but also for data communication or power supply. The system of
RSU or C-ITS installation into the tunnel system network must
have the data connection separate from other tunnel technologies
—e.g. a separate WLAN, and power supply must be provided. For
a specific solution, it is necessary to prepare implementation project
documentation that includes the power supply and the connection
to the tunnel control system [1, 3, 6].

SUMMARY

The proposal being described serves as clarification of the
requirements overview and definition of a unified procedure for
the implementation of the location solution in tunnel structures on
road where there is no GNSS coverage. All parts of the system
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Obr. 5 Pricny fez tunelu — ndvrh umisténi RSU a BLE zarizeni
Fig. 5 Tunnel's cross-section — design for positions of RSU and BLE equipment

zdroj: [1] source: [1]




zdroj: [1, 2, 3, 7] source: [1, 2,3, 7]
Obr. 6 Porovndni lokalizace zaloZené na BLE (modry bod) a GNSS (zeleny bod), a) byla poloha GNSS zpoZdéna
a stdle ukazovala posledni urcenou polohu pred samotnym vjezdem do tunelu, b) v misté, kde jsou vyjezdy z tunelu,
byl GNSS detekovdn, ale na jiném misté/jiném vyjezdu z tunelu, c) vozidlo je stdle v tunelu blizko vyjezdu z tunelu,
avSak poloha zaloZend na GNSS je zcela mimo tunel
Fig. 6 Comparison of BLE-based location (blue point) and GNSS-based location (green point), a) GNSS-indicated
position was delayed and showing the last determined location before tunnel entry continued, b) in the location
where there are exits from tunnel, GNSS was detected, but in a different place / another exit from tunnel, c) vehicle
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are based on the knowledge de-
scribed in the methodology [1].
The proposed solution, based on
BLE devices implemented directly
in the tunnel, allows to acquire
sufficiently
navigation applications and driver
information or support C-ITS so-
lutions that require updating of
positional information to perform
their required function. It is the BLE
solution that allows to switch the
source of the position data in case
of entering a tunnel and to collect
identification data and to determine
the current position from it on the
basis of the Register of Location
Elements.

Fig. 6 shows the difference
between the open BLE location in-
frastructure (blue point) for tunnel
users and its comparison with
GNSS location outputs (green

accurate data for

is still in tunnel near exit from tunnel, but GNSS-indicated position is completely outside the tunnel

dat v pfipadé€ vjezdu do tunelu a sbirat identifika¢ni data a z nich
aktudlni polohu urcovat na zaklad€ Registru lokaliza¢nich prvki.

Na obr. 6 Ize vidét rozdil mezi otevienou BLE lokalizacni in-
frastrukturou (modry bod) pro uZivatele tunelovych staveb a jeji
porovndni s vystupy GNSS lokalizace (zeleny bod) v tunelech.
Poloha zaloZen4 na GNSS je vyrazné nepfesnd, jak bylo ovéreno
méfenim béhem feSeni vyzkumného projektu ¢. CK01000163, viz
[1,3].

Vystupy téchto méfeni zcela jasné deklaruji, Ze oteviend BLE
lokaliza¢ni infrastruktura vykazuje vyrazné presnéjsi ureni polo-
hy. MiiZe to mit zasadni dopad na zaji$téni komfortu fidice béhem
jizdy, resp. prijezdu tunelem, eliminaci zbytnych tras a mnoho
dalSich aspektt, které budou mit vliv na bezpecnost provozu v tu-
nelech i mimo né&j. Vlastni dokument certifikované metodiky de-
tailnéji definuje postup vhodné instalace BLE zafizeni v tunelové
stavbé na PK vcetné ndrokid na umisténi zafizeni tak, aby plnila
svou pozadovanou funkci a poZzadavky na projektovou dokumenta-
ci, vlastni umisténi zafizeni a naroky dle kategorii tuneld [1].
ZAVER

Clanek stru¢n& predstavuje certifikovanou metodiku ,,Lokali-
zacni infrastruktura pro tunely na pozemnich komunikacich® [1],
ktera je unifikovanym navodem vhodného postupu k instalaci lo-
kaliza¢ni infrastruktury v tunelovych stavbach na PK, a soucas-
né navrhy a doporuceni, které vychazi z vyzkumného projektu
¢. CK01000163 — ,,Vyzkum alternativnich metod uréeni polo-
hy a jejich integrity s GNSS pro fidi¢e vyuZivajici C-ITS*. Tato
metodika byla certifikovana MD CR v roce 2023. PoZadavky na
zavedeni lokaliza¢ni infrastruktury zatim nejsou stanoveny v legis-
lativé (CSN, TP) ani resortnich piedpisech (TKP Reditelstvi sil-
nic a ddlnic CR). Tuto problematiku zatim nefesi ani legislativa
EU, a navrhované a zpracovavané projekty jsou spise vyzkumného
nebo inovativniho charakteru. Metodiku je mozné vyuzit pro upra-
vy Technickych podminek TP 98, TP 229 a do normy CSN 73 7507
Projektovani tunelt pozemnich komunikaci, s cilem zajiSténi
spolehlivého zdroje dat pro lokalizaci koncovych zafizeni, prevaz-

point) in tunnels. The GNSS-based

location is significantly inaccurate,
as it was verified by measurements during the research project No.
CKO01000163, see [1, 3].

The results of these measurements clearly declare that the open
BLE location infrastructure shows significantly more accurate
positions. This can have a major impact on ensuring driver comfort
while driving or passing through a tunnel, eliminating redundant
routes and many other aspects that will have an impact on traffic
safety in and outside the tunnels. The Certified Methodology
document itself defines in more detail the procedure for the
appropriate installation of BLE equipment in a tunnel structure
on road, including eligibility for the placement of the equipment
to perform its required function and the requirements for the
design documentation, the actual placement of the equipment and
eligibility in relation to the tunnel categories [1].

CONCLUSION

The paper briefly introduces the certified methodology “Location
Infrastructure for tunnels on roads” [1], which is a unified guide
to the appropriate procedure for the installation of location
infrastructure in tunnel structures on roads, and at the same time
proposals and recommendations based on the research project No.
CKO01000163 — “Investigation of alternative methods of location
determination and their integrity with GNSS for drivers using
C-ITS”. This methodology was certified by the Ministry of the
Interior of the Czech Republic in 2023. The requirements for the
implementation of the location infrastructure are not yet set out
in legislation (Czech national standards, CSN) or in departmental
regulations (Technical and Quality Regulations, TKP, of the Road
and Motorway Directorate of the Czech Republic). This issue is
not yet addressed by EU legislation either, and the proposed and
developed projects are more of a research or innovative nature. The
methodology can be used to modify the Technical Specifications
TP 98, TP 229 and the standard CSN 73 7507 Design of road
tunnels, in order to provide a reliable source of data for location of
terminal devices, mainly mobile phones and in-vehicle navigation,
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né¢ mobilnich telefonil a navigaci ve vozidlech, ale také pro jiné
systémy vyuZivajici standard Bluetooth Low Energy nebo C-ITS.
Meéreni a ovéreni funkce lokalizace BLE a funkce RSU bylo rea-
lizovano v tunelovém komplexu Blanka v Praze v Dejvickém tu-
nelu, v tunelu Cholupice na Prazském okruhu ve sméru D1 na D5
a v tunelu Hrebe¢ na silnici I/35.

Certifikovand metodika popisuje navrh a implementaci lokali-
zacni infrastrukturu vyuzivajici standard BLE, a to se zamérenim
na projektovani, realizaci, ekonomické hodnoceni, tdrzbu. Také
popisuje potencidlni moZnosti pro distribuci informaci pomoci
C-ITS. RSU v tunelové stavbé na PK miZe mit i Sirsi vyuZiti, ne-

TuNel

but also for other systems using the Bluetooth Low Energy or
C-ITS standard. Measurement and verification of the BLE location
function and RSU function was carried out in the Blanka tunnel
complex in Prague in the Dejvice tunnel, in the Cholupice tunnel
on the Prague Ring Road in the D1 to D5 motorway direction and
in the Hiebec tunnel on the 1/35 road.

The certified methodology describes the design and imple-
mentation of a location infrastructure using the BLE standard
with a focus on design, implementation, economic evaluation, and
maintenance. It also describes potential options for information
distribution using C-ITS. RSUs in a tunnel structure on road may

jen pro samotnou lokalizaci vozidel, ale umoZni komunikaci a re- | have wider applications than just vehicle location, but will allow
distribuci informaci o stavu tunelu, provozu nebo mimoradnych
udalostech v tunelu [1, 3]. Uplatnéni C-ITS v tunelu se vice bude
zabyvat navazujici projekt CK04000088 — ,,ZvySeni bezpecnosti

tuneltl s vyuzitim kontinudlni presné lokalizace vozidel*.

communication and redistribution of information about tunnel

state, traffic or accidents in the tunnel [1, 3]. The application of

C-ITS in tunnels will be more fully addressed in the follow-up

project CK04000088 — “Enhancing tunnel safety using continuous

accurate vehicle location”.
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FOTOREPORTAZ Z VYSTAVBY METRA 1.D V PRAZE
Pror4zka ve stanicl Olbrachtova a préce v Gseku zS VO-OL - OL2

PICTURE REPORT FROM CONSTRUCTION OF METRO LINE D

IN PRAGUE
Breakthrough In station Olbrachtova and works between site
facllities VO-OL - OL2

FOTO BC. JIRI CERMAK / PHOTO BC. JIRI CERMAK
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Obr. 1 ZS OL - Zahdjeni prordZky levého stanicniho tunelu stanice Olbrach-
tova
Fig. 1 ZS OL - Start of breakthrough of the left station tunnel in Olbrachtova
station

Obr. 3 ZS OL2 - Priprava slavnostni prordzky levého stani¢niho tunelu sta-
nice Olbrachtova

Fig. 3 ZS OL2 - Preparation of the ceremonial breakthrough of the left station
tunnel in Olbrachtova station

Obr. 5 ZS VO-OL - Sekunddrni osténi strojovny vzduchotcechniky
Fig. 5 ZS VO-OL - Secondary lining of technological tunnel

Obr. 2 ZS VO-OL - Prorazka kaloty leveho stanicniho tunelu stanice Olbrach-
tova

Fig. 2 ZS VO-OL - Top-heading breakthrough of the left station tunnel in
Olbrachtova station

gy A3
| oy Nl
Obr. 4 ZS VO-OL - Izolace a armatura klenby strojovny vzduchotcechniky

Fig. 4 ZS VO-OL - Waterproofing and reinforecement installation in the vault
of technological tunnel

Obr. 6 ZS OL2 - Razba pravého stanicniho tunelu stanice Olbrachtova
Fig. 6 ZS OL2 — Excavation of right station tunnel of Olbrachtova station
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FOTOREPORTAZ Z VYSTAVBY METRA 1.D V PRAZE
Proré4zka ve stanicl Pankréc a razby ze 2S PAD4 a PAD1b

PICTURE REPORT FROM CONSTRUCTION OF METRO LINE D

IN PRAGUE
Breakthrough In station Pankrac and tunnel excavations from site
facllities PAD4 and PAD1b

FOTO BC. JIRI CERMAK / PHOTO BC. JIRI CERMAK
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Obr. 1 ZS PAD4 — Priprava kaloty pravého dilciho vyrubu stanice na trhaci
prdce
Fig. 1 ZS PAD4 — Preparation for blasting work in right side gallery of Pan-
krdc station

Obr. 2 ZS PAD4 - PrordZka po kontrole stielmistrem a sménovym technikem
Fig. 2 ZS PAD4 - Site control of a breakthrough at PAD4 site by explosives
expert and technical supervisor

Obr. 3 ZS PAD4 — Razba kaloty levého dilciho vyrubu stanice Pankrdc
Fig. 3 ZS PAD4 — Excavation of left side gallery in Pankrdc station

"%
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Obr. 5 ZS Padlb — Priprava na izolace a sekunddrni osténi dna obratového
tunelu
Fig. 5 ZS Padlb — Waterproofing and secondary lining installations in the
bottom of the crossover tunnel

Obr. 4 ZS Padlb - Rozrdzka obratového tunelu za stanici Pankrdc D
Fig. 4 ZS Padlb - Excavation start of fhe crossover tunnel next to the Pankrdc
station

Obr. 6 ZS PAD4 - Zesileni osténi v misté budouciho napojeni eskaldtoru Ge-
mini

Fig. 6 ZS PAD4 — Reinforcement of the primary lining at the location of the
Gemini escalator tunnel
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FOTOREPORTAZ - 16 LET PROVOZU PODZEMNI
LABORATORE JOSEF
PICTURE REPORT - 16 YEARS OF JOSEF UNDERGROUND
LABORATORY OPERATION

ZDROJ: ARCHIV PRACOVISTE / SOURCE: WORKPLACE ARCHIVE
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Obr. 1 Vstupni portdly do Podzemni laboratore Josef
Fig. 1 Entrance portals to the Josef Underground Laboratory

Obr. 3 Instalace experimentu Mock-up-Josef, ve kterém se resi bezpecné ukld-
ddni radioaktivnich odpadii

Fig. 3 Installation of the Mock-up-Josef experiment, in which safe storing of
radioactive waste is solved

r.'.!i ) ! L% 3 - 9
Obr. 5 Experimentdlni testovdni inZenyrské bariéry z bentonitu teplotou do
200 °C - TACR TK01030031

Fig. 5 Experimental testing of bentonite engineering barrier with temperature
up to 200°C — TACR TK01030031

Obr. 2 Podzemi je dobfe pFistupné a vhodné pro riiznorody vyzkum
Fig. 2 The underground is well accessible and suitable for diverse research

Obr. 4 Priprava jedné z rozrdZek pro experimentdlni vyzkum
Fig. 4 Preparation of one of the side stubs for experimental research

Obr. 6 V podzemni laboratori Josef jsou realizovdny nejen projekty védecké
a vyzkumné, ale také vyuka ¢i konference

Fig. 6 Not only scientific and research projects are conducted in the under-
ground laboratory, but also teaching or conferences
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ZPRAVY Z TUNELARSKYCH KONFERENCI
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NEWS FROM TUNNELLING CONFERENCES

72. GEOMECHNICKE KOLOKVIUM A 15. KONGRES ISRM V SALZBURGU
72"° GEOMECHNICAL COLLOQUIUM AND 15™ ISRM CONGRESS IN SALZBURG

From 8 to 14 October 2023, the 72" Geomechanical Colloqui-
um, organised by the Austrian Society for Geomechanics (OGG),
and at the same time the 15" Congress of the International Society
for Rock Mechanics (ISRM), were held in Salzburg. In the first
three days, a number of ISRM and OGG meetings took place and
a total of 14 workshops were held. The congress, which was at-
tended by 1500 participants from 64 countries this year, was offi-
cially opened in the main hall of the congress centre on Wednesday,
October 11, 2023. The participants of the congress were welcomed
by the Honorary Chairman of the OGG, Mr. Wulf Schubert. The
extensive exhibition was attended by 70 representatives of material
manufacturers, suppliers of equipment for underground construc-
tion, design companies, software developers, investment and sup-
ply companies and scientific institutions. The lectures were divided
into 18 thematic circles. These were Challenging Geotechnical
Projects, Comparison of International Tunnelling projects, Deep
Geothermal Energy, Underground Mining and Tunnel Construc-
tion, Digitization and Automation, Geological Survey and Rock
Mass Classification, Geological Hazards and Natural Hazards,
Water Management Projects and Dams, Long-term Behaviour of
Underground Structures, Geotechnical Monitoring, NATM tunnel-
ling versus TBM tunnelling, New Development of Means for En-
suring Stability, Numerical Methods in Geomechanics, Petroleum
Engineering and Carbon Storage in Rock, Rock and Rock Massif
Properties, Underground Storage of Liquid and Gaseous Substanc-
es, Rock Slopes and Forum for Beginning Engineers (Young Engi-
neers). A number of interesting underground structures which have
become the destination of five professional excursions are currently
under construction in Austria. It was the Kiihtai 2 pumped-storage
power plant (this construction was also visited by the participants
of an excursion organised by the Czech Tunnelling Association).
The aim of the second excursion was the 27km long Semmering
railway tunnel. The third excursion led to the Brenner Base Tun-
nel. The fourth excursion took place at the Tauernmoos power
plant in Salzburg’s Stubach Valley.
The last professional excursion was
aimed at the Limberg III pumped-
storage hydroelectric power plant.
In addition to the above-mentioned
five professional excursions, the or-
ganisers also prepared an excursion
for the congress participants focused
on the beauties of the city of Salz-
burg as seen from the surrounding
hills. As Salzburg is the birthplace of
Wolfgang Amadeus Mozart and the
City of Music, the chamber music
concert is also an annual social event
of the congress, this time held in the
Mozarteum’s Great Hall. Free access
to the complete proceedings of all
sections is available at: https://oegg-
my.sharepoint.com/personal/c_san-
tos-martinez_oegg_at/Documents/
ISRM2023/ISRM%202023_Pro-

ceedings.pdf . The next annual Geomechanical Colloquium, which
will take place in Salzburg from 10 to 12 October 2024, will be
associated with the 14" Austrian Tunnel Day.

V terminu od nedéle 8. do soboty 14. fijna 2023 se konalo
v Salzburgu jiz 72. Geomechnické kolokvium, které porada Ra-
kouska spole¢nost pro geomechaniku (OGG) a zarovett 15. kon-
gres Mezindrodni spole¢nosti pro mechaniku hornin (ISRM). Ta
byla shodou okolnosti zaloZena v roce 1962 pravé v Innsbrucku.
V prvnich tfech dnech probihala celd fada jednani ISRM, OGG
a konalo se celkem 14 workshopti. Kongres, kterého se letos ucast-
nilo 1500 ucastnikil ze 64 zemi, byl oficidlné zahdjen v hlavnim
sale kongresového centra ve stiedu 11. fijna a prednasky se pak
konaly nejen v tomto sale, ale i v dalSich prostorach. Ucastniky
kongresu piivital Cestny predseda OGG pan Wulf Schubert.

Jiz tradi¢né ke kolokviu i kongresu patii rozsdhla vystava, které
se letos tcastnilo 70 zastupcii vyrobctl materidlti, dodavatelt tech-
niky pro podzemni stavby, projekénich firem, vyvojafa programo-
vého vybaveni, investorskych i dodavatelskych firem i védeckych
instituci. Zajemci o odbornou literaturu nejen z oblasti geotechniky
a podzemnich staveb nasli stinek nakladatelstvi Wiley jako vZdy
hned proti hlavnimu schodisti.

Prednasky byly rozdéleny do 18 tematickych okruht. Jednalo
se o Naro¢né geotechnické projekty, Porovnani mezinarodnich
tunelarskych kontraktt, Hlubinnd geotermélni energie, Hlubinné
hornictvi a tunelové stavitelstvi, Digitalizace a automatizace, Geo-
logicky prizkum a klasifikace horninového masivu, Geologicka
rizika a pfirodni nebezpeci, Vodohospodarské projekty a piehra-
dy, Dlouhodobé chovani podzemnich staveb, Geotechnicky mo-
nitoring, RaZeni NRTM versus TBM, Novy vyvoj prostfedkd pro
zajisténi stability, Numerické metody v geomechanice, Ropné in-
Zenyrstvi a ukladani uhliku v horninach, Vlastnosti hornin a hor-
ninového masivu, Podzemni dloZisté kapalnych a plynnych latek,
Skalni svahy a Forum pro zacinajici inZenyry (mladi inZenyfi).

Obr. 1 Zahajovaci ceremonidl kongresu ISRM v Salzburgu
Fig. 1 Opening ceremony of the ISRM Congress in Salzburg
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Jednacim jazykem byla anglictina s tim, Ze v hlavnim séle probiha-
lo tlumoceni do némciny. Z mnoZstvi prezentovanych prispévku 1ze
uvést alesponi vyzvanou prednasku autort Niketa Ukaj, Christian
Hellmich a Stefan Scheiner z technické univerzity ve Vidni s nety-
pickym tématem Mechanismus pandemii: Posileni Boltzmannova
creepu pro predpovidéani trendii imrtnosti na COVID-19, ve které
se autoti zamysleli nad podobnosti predikce procest v geotechnice
a mediciné.

V Rakousku je v soucasné dobé ve vystavbé celd fada zajima-
vych podzemnich staveb, které se staly cilem péti odbornych ex-
kurzi. Prvni sméfovala na novou precerpavaci elektrarnu Kiihtai 2
spolecnosti TIWAG s podzemni kavernou i celou fadou dopro-
vodnych podzemnich dél, ktera se nachdzi ve vysce pres 2000 m
n. m. (tuto stavbu méli moznost navstivit i tcastnici exkurze po-
tadané Ceskou tuneldfskou asociaci). Cilem druhé exkurze byl
pres 27 km dlouhy bazovy Zelezni¢ni tunel Semmering, ktery je
soucasti trati spojujici Viden a Vilach a ktery by mél byt uveden
do provozu v roce 2030. Druhy z navstivenych bazovych tunelt
je po spojeni s tunelem Inntal aspirantem na nejdelsi tunel svéta
— Brennersky bazovy tunel. Rakousky Innsbruck a italské mésto
Franzensfeste spojuji v délce 55 km dvé jednokolejné tunelové
trouby spojené po 333 m tunelovymi propojkami. V celé délce je
vyrazena i servisni Stola a soucasti stavby jsou i tfi podzemni za-
chranné stanice, ve kterych je mozné v pripadé mimoradné udalos-
ti provést tnik na povrch tizemi. Ctvrta exkurze se tykala rovn&
precerpavaci elektrarny, jejimz investorem jsou ale rakouské drahy
(OBB Infrastruktur) a ktera je diileZit4 pro vyrobu elektrické ener-
gie pro provoz Zeleznice. Elektrarna Tauernmoos v salcburském
udoli Stubach ma celkovy vykon 170 MW a ro¢né vyrobi pfibliz-

TUNELARSKE ODPOLEDNE 2/2023
TUNNEL AFTERNOON 2/2023

The second Tunnelling Afternoon of last year had as its
theme Line ID of the metro in Prague — design preparation and
construction of the Pankrac-Olbrachtova section. In the morning,
an excursion to this complex construction site took place. A total
of six lectures were held in the
afternoon. The whole block was
started by the design preparation
delivered by Ing. Libor Martinek
(METROPROJEKT Praha as.).
Ing. Jifi Bfichna¢ (Subterra a.s.)
continued with the prepared topic
Implementation of tunnels at Pankrac
station from construction site utility
ZS PAD1. Ing. Stefan Ivor (Subterra
a.s.) continued with the topic on
Implementation of Pankrac station
from construction site utilities ZS
PAD4 and VO-OL. Then Ing. Radek
Kozubik (HOCHTIEF CZ as.)
gave a lecture on Implementation
of running tunnels and Olbrachtova
station from the construction site
utility VO-OL. The last lecture
on Comprehensive Geotechnical
Monitoring during construction was
led by Ing. Vojtéch Anderle (INSET
s.r.0.). We would like to thank all
the lecturers and prof. Ing. Matous
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né¢ 460 GWh elektrické energie. Posledni odbornd exkurze ma
rovnéZ tzkou spojitost s obnovitelnymi zdroji energie a jednd se
o precerpavaci vodni elektrarnu Limberg 11, ktera rozsifi skupinu
elektraren Glockner — Kaprun. Jedné se o precerpavaci elektrarnu
spolecnosti VERBUND Hydro Power GmbH o celkovém vykonu
480 megawattd, ktera bude postavena v celém rozsahu pod zemi
mezi dvéma stavajicimi nadrZzemi Mooserboden s hladinou nadrze
ve vySce 2 036 m n. m a Wasserfallboden s hladinou nadrze ve
vysce 1 672 m n.m. Kromé zminovanych péti odbornych exkurzi
pripravili organizatofi pro ucastniky kongresu i exkurzi zamétenou
na krasy mésta Salzburg pohledem z okolnich kopcu. ProtozZe je
Salzburg rodistém Wolfganga Amadea Mozarta a méstem hudby,
je kazdoroc¢ni spolecenskou udélosti kongresu i koncert komorni
hudby, ktery se tentokrate konal ve velkém sile Mozartea.

Dobrou vili organizator kongresu je i moznost volného pfi-
stupu ke kompletnimu sborniku prispévkl vsech sekci, ktery ma
pres 3000 stran a zdjemci si ho mohou stahnout na adrese: https://
oegg-my.sharepoint.com/personal/c_santos-martinez_oegg_at/Do-
cuments/ISRM2023/ISRM%202023_Proceedings.pdf.

Geomechanické kolokvium i kongres ISRM byly obrovskou pfi-
leZitosti pro vyménu zkusSenosti a informaci s geotechnickou téma-
tikou a o pfipravovanych nebo realizovanych podzemnich stavbach.
Jiz ted se miZzeme t&Sit na pristi, jiz 73. ro¢nik Geomechanického
kolokvia, které se v Salzburku kond v terminu od 10. do 12. fijna
2024 a které je pro zménu spojené se 14. Rakouskym tunelovym
dnem.

Ing. LIBOR MARIK, SAGASTA s.r.0,
libor.marik @sagasta.cz

Hilar, Ph.D., (3G Consulting Engineers s.r.o. and FCE CTU), who
coordinated the preparation of the program and moderated the
entire Tunnel Afternoon. All presentations can be found on www.
ita-aites.cz.

foto prof. Hilar photo by prof. Hilar

Obr. 1 Ucastnici exkurze v prostoru propojky sever u Sachty OL2
Fig. 1 Participants of the excursion in the space of the cross-passage north near the shaft OL2
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foto prof. Hilar photo by prof. Hilar

Obr. 2 Prohlidka prostor strojovny vzduchotechniky blizko Sachty VO-OL

Fig. 2 Viewing area of the space of the air-conditioning engine room near the VO-OL shaft

Druhé a zarovenl posledni Tunelaiské odpoledne se v minulém
roce konalo ve stfedu 1. listopadu 2023. Tématem byla Trasa L.D
metra v Praze — projektova priprava a vystavba udseku Pan-
krac-Olbrachtova.

Dopoledni hodiny byly vymezeny pro exkurzi na tuto sloZitou
stavbu, 28 pfihlaSenych zdjemct si mélo moZnost prohlédnout
fadu razenych a hloubenych objekti stavby. Zacatek byl u budou-
ci stanice Olbrachtova (zafizeni staveniSté OL2), exkurze v dané
oblasti zahrnovala Sachtu OL2, propojku sever (obr. 1), zarazky
stani¢nich tuneld, jamu pro jizni vestibul stanice a razené pielozky
kanalizace. Nésledné se ucastnici presunuli na zafizeni stavenisté
VO-OL, ze Sachty VO-OL navstivili tratové tunely (jednokolejné
a dvoukolejné), tunely stanice Olbrachtova, spojku C-D a strojov-
nu vzduchotechniky (obr. 2). Nésledné prosli tratovym tunelem do
prostoru budouci stanice Pankrac, kde si prohlédli patni Stolu, tunel
obratovych koleji (obr. 3), technologicky tunel, pfistupovou $tolu,
a nakonec Sachtu PAD1. Béhem exkurze si tcastnici vyslechli fadu
zajimavych informaci, které jim poskytli jejich priivodci, zaroven
vedouci jednotlivych dsekd ze sdruzeni zhotovitelskych firem
a rovnéz prednasejici odpoledniho programu.

Odpoledni ¢ést zahdjil pfednaSkou na téma Pro-
jektova priprava Ing. Libor Martinek (METRO-
PROJEKT Praha a.s.). Hovoftil o zakladnich tuda-
jich o projektu, projekénim tymu, obsahu projektu
a jeho fizeni.

Nasledovala prednaska Ing. Jifiho Bfichnace
(Subterra a.s.), kterd méla za téma Realizace tu-
neli u stanice Pankrac ze ZS PAD1. Piednasejici
shrnul soucasny stav projektu, informace o zafizeni
staveni§t¢ PAD 1b, pfistupové a VZT S$tole, tech-
nologickém bloku sever, technologickém tunelu
a obratovych kolejich, tedy o tom, co si lidé méli
mozZnost prohlédnout i dopoledne.

Jako dals§i pokracoval Ing. Stefan Ivor
(Subterra a.s.), jeho prednaska nesla ndzev Reali-
zace stanice Pankrac ze ZS PAD4 a VO-OL. Nej-
prve se vénoval zakladnimu popisu budouci stani-
ce, dale razbé patni Stoly, chemickym injektazim,
pivodnimu a upravenému postupu razeb stanice.

Popisované prostory méli navstévnici dopoledni ex-
kurze jesté v zivé paméti.

Po prestivce vystoupil Ing. Radek Kozubik
(HOCHTIEF CZ a.s.) s prednaskou Realizace trato-
vych tunelu a stanice Olbrachtova ze ZS VO-OL.
Hovofil o mezistani¢nim tseku Pankrac—Olbrachto-
va, oCekédvanych a zastizenych geologickych a geo-
technickych podminkéch (predevsim tektonicky po-
rusené bridlice), geotechnickém monitoringu, také
ukdzal aktudlni stav provedenych praci. Zminil se
o0 zpusobu zajisténi budovy 1683/40 pted zahdjenim
praci. Soucasti jeho tématu byl i popis rozpletl tu-
nelt, razby jednokolejnych a dvojkolejnych tuneld,
spojky C-D, strojovny VZT a stani¢nich tunelt Ol-
brachtova.

Potom se ujal slova Ing. Vaclav Dohnalek
(STRABAG a.s.) s tématem Realizace stanice Ol-
brachtova ze ZS OL2. Ukazal situaci této stanice, jeji
3D model, popsal zafizeni staveniSt€, soucasny stav
praci, vénoval se i uziti modernich technologii (napfr.
pouziti dronu na snimkovéani, aplikace Amberg Navi-
gator pro zjednoduseni zaméfovani v podzemi, lasero-
vého scaneru Leica RTC 360 LT atd.). I vyraZené tseky z poslednich
dvou prednasek méli moznost tcastnici exkurze vidét tzv. na vlastni
oci.

Posledni pfedndska o Komplexnim geotechnickém monito-
ringu béhem vystavby byla ptipravena Ing. Vojtéchem Anderlem
(INSET s.r.0.). Jeji autor predstavil sdruzeni firem Krtek D monito-
ring, které ma geotechnicky monitoring pfedstaveného useku Met-
ra D na starosti. PfednaSejici popsal naplii monitoringu, pouZivané
metody vcetné automatického monitoringu, zastiZené geologické
prostiedi atd.

Podékovani patii v§em prednasejicim i prof. Ing. Matousi Hila-
rovi, Ph.D., (3G Consulting Engineers s.r.o. a FSv CVUT), ktery
koordinoval pfipravu programu a celé Tunelafské odpoledne mo-
deroval. Na misté se zucastnilo okolo 70 lidi. Tunelaiské odpole-
dne bylo mozné jiz tradicné sledovat on-line, celkem se pripojilo
priblizn€ 65 dalSich posluchaci. VSechny prezentace lze nalézt na
www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES, z. s.

foto prof. Hilar photo by prof. Hilar

Obr. 3 Exkurze v prostoru tunelu obratovych koleji blizko Sachty PADI1
Fig. 3 The excursion in the area of the turn-back track tunnel near the PADI shaf
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PROJEKTOVY DEN SPRAVY ULOZIST RADIOAKTIVNICH ODPADU
PROJECT DAY OF THE RADIOACTIVE WASTE REPOSITORY AUTHORITY

On 18-19 January 2024, the Radioactive Waste Repository (VAO) a stfednéaktivniho odpadu (SAO) s dirazem zejména na
Authority (RAWRA) organised an expert event focused on the | korozi a Zivotnost materidlii obalovych soubortl.
preparation of a deep geological repository in the Czech Republic. V oblasti dlouhodobé bezpecnosti byly prezentovany scénéie vy-
The event took place in the Conference Centre of the Academy of | voje tloZisté vyhotelého jaderného paliva a problematika modelo-
Sciences in Liblice and was attended by a number of representatives | véni sdruZenych hydro-termo-mechanickych tuloh, geochemického

of state organizations, companies, academic institutions and modelovani referencni lokality a vyvoje transportnich parametrti

universities, professionally focused on geology, hydrogeology, vyplnovych materidl. Byla rovnéZ predstavena aktualizace inven-
geochemistry, nuclear engineering, materials engineering, geo- tate SAO k uloZeni do HU.

technics, underground engineering, mathematical modelling, bio- Oblast geologie zahrnovala prispévky tykajici se spoluprace
logical monitoring, architecture, legislation and others. SURAO a Ceské geologické sluzby v oblasti geologickych praci

v uzemich potencidlnich lokalit hlubinného tlozisté, geologického
Sprava tloZist radioaktivnich odpadii (SURAO) zorganizovala | stavu poznani lokalit v roce 2023 a aktualizace 3D geologickych
ve dnech 18.—19.1. 2024 odbornou akci zaméfenou na pripravu modeli lokalit.

hlubinného tlozisté (HU) v Ceské republice. Akce se konala v pro- Soucasti projektového dne byl rovnéz workshop zaméreny
stiedi Konferen¢niho centra Akademie véd v Liblicich a G¢astnila | na vybrané otizky ukladdni SAO. Sirokd multioborova disku-
se ji fada zdstupcl statnich organizaci, firem, akademickych in- ze odbornikll tykajici se zejména obalového souboru pro ukla-
stituci a vysokych skol, odborné zamérenych do oblasti geologie, dani SAO, lokalizace této Cisti tiloZisté vzhledem k celému HU

hydrogeologie, geochemie, jaderného inZenyrstvi, materidlového a geometrie a vypliového materidlu uklddacich prostor pro ten-
inzenyrstvi, geotechniky, podzemniho stavitelstvi, matematického | to typ odpadu prinesla fadu otdzek, navrhi a doporuceni, kte-
modelovani, biologického monitoringu, architektury, legislativy | ré budou, mimo jiné, pfedmétem vyvoje a vyzkumu v dalSim
a dalSich. obdobi.

Dvoudenni akce méla vysokou odbornou a informacni droven. Vzhledem k tomu, Ze se dle aktudlniho harmonogramu predpo-
Po tvodnim slové feditele SURAO RNDr. Lukése Vondrovice, klad4 zahdjeni provozu hlubinného tlozisté v CR od roku 2050,
Ph.D., prezentovala stav vyvoje hlubinného tloZisté v CR vedouci | jsou aktivity zamé&fené na jeho piipravu stile intenzivnéjsi. Projekt

useku pripravy ulozist radioaktivniho odpadu Ing. Markéta Do- hlubinného ulozisté je komplexni a v mnoha oblastech vyjimecny,
hnalkova. Dalsi ¢ast jedndni byla rozdélena na Ctyfi zakladni ob- vyZzadujici multioborovou spolupraci. Projektovy den byl skvélou
lasti — oblast projektovou, oblast inZenyrskych bariér, oblast dlou- prileZitosti pro rozvoj a posileni této spoluprace, pro sdileni zis-
hodobé bezpecnosti a oblast geologie. kanych poznatkt a zkuSenosti, pro ziskani komplexnich informaci

V casti projektové prezentoval doc. Ing. Alexandr Butovic, o feseni rGiznych aspekttt HU i stile otevienych dil¢ich otazkach,

Ph.D., otazky projektového feSeni dlozisté, dalsi prispévky byly | pro kritickou diskuzi o téchto otevienych otazkach a problémech
vénovany aktualizaci harmonogramu Zivotniho cyklu hlubinného a hledani odpovédi na tyto otdzKy i pro navazani a rozvoj osobnich
ulozisté, otazkam lokalizace povrchovych areélil ve ctyfech vybra- kontaktt. I pro nasi tunelafskou komunitu je a bude tento projekt
nych lokalitdch (Bfezovy potok v Plzeniském kraji, Horka a Hradek | velkou vyzvou.

na Vysociné€ a Janoch v Jihoceském kraji) a biologickému scree-

ningu lokalit. doc. RNDr. EVA HRUBESOVA, Ph.D.,

V oblasti inZenyrskych bariér byla pozornost vénovana zejména eva.hrubesova@vsb.cz,
vypliiovym komponentim HU a tvarovym a materidlovym cha- Katedra geotechniky a podzemniho stavitelstvi,
rakteristikdim obalovych soubort pro ukladani vysokoaktivniho Fakulta stavebni VSB-TU Ostrava

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA THE CZECH REPUBLIC

METRO D - NOVA LINKA PRAZSKEHO METRA METRO D — NEW LINE OF PRAGUE METRO
Prvni dsek vystavby nové trasy metra I.D, ktery obsahuje dvé ra- The first section of the construction of the new metro line ID,
zené stanice Pankrac a Olbrachtova, dile raZzeny tunelovy mezista- which includes two mined stations Pankrac and Olbrachtova, as

ni¢ni usek a raZzeny propojovaci tunel k trase C, uspésné prekonal well as a mined interstation tunnel section and a mined tunnel
svij dalsi vyznamny milnik vystavby, kdy k zavéru roku 2023 dne connection to line C, successfully surpassed its next major
1. 12. doslo ke slavnostni prordzce tunelu mezi stanicemi Pankrac construction milestone, when the tunnel between Pankriac and
a Olbrachtova (obr. 1 + fotoreportaZe na str. 68 a 69). Timto okamZi- Olbrachtova stations was officially broken through at the end of
kem doslo ke kontinudlnimu propojeni vSech povrchovych zafizeni 2023 on 1 December (Fig. 1 + photo reports on page 68 and 69).

staveni$t pomoci tuneltl v podzemi, a to v celé délce jejich vystavby. This moment marked the continuous connection of all the surface
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Obr. 1 Slavnostni prordZka iiseku Pankrdc — Olbrachtova dne 1. 12. 2023
Fig. 1 Ceremonial breakthrough of Pankrdc — Olbrachtova section on
1/12/2023

V podzemi stanice Pankrac se razby aktudlné soustfeduji zejmé-
na na provadéni obratovych koleji a dil¢ich vyrubt vlastni stanice,
kde jejich nejpokrocilejsi pozice se dostala jiz na kétu 120 vyraze-
nych metrd. Dalsi razby v dispozici stanice probihaji i na objektech
demontazni komory a pristupové a vzduchotechnické Stoly. Vedle
toho se také rozebéhly prace na poklddce hydroizolace, armova-
ni a piipravy betondZe definitivniho osténi (obr. 2). Na povrchu
potom muzZeme pozorovat uspé$né hloubeni stavebni jamy (pro-
vedeno cca 65 %) budouciho vestibulu stanice v blizkosti OC Ar-
kady vcetné zahajeni vykopu pro napojeni eskalatorového tunelu
(obr. 3).

Ve stanici Olbrachtova probihaji razby na levém i pravém sta-
ni¢nim tunelu, z kterych je hotovo az 80 m jejich délky (obr. 4).
Jednokolejné tratové tunely mezi obéma stanicemi jsou vyrazeny
jiz v celych svych délkach. Pfi uspé€sné se rozvijejicich pracich
bylo také nutné pfistoupit i k rozsifeni zaboru zafizeni staveniSté
na povrchu v rozsahu kfizZovatky ulic Antala Staska a Na Strzi az po
kiiZeni s ulici Radova, coZ také jiz redlné pocituji zejména mistni
rezidenti.

TuNel

construction sites by means of underground tunnels throughout the
entire length of its construction.

In the underground of Pankréc station, the excavation is currently
focused mainly on the implementation of the turn-back tracks and
partial excavation of the station itself, where their most advanced
position has already reached the length of 120 metres. Further tunnel
excavation is also being carried out on the dismantling chamber,
the access gallery and ventilation gallery. In addition, work on the
waterproofing, reinforcement and preparation of concreting of the
final lining has already started at the most advanced workplaces
(Fig. 2). On the surface, we can then observe the successful
excavation of the construction pit (approx. 65% completed) of
the future station concourse near OC Arkady shopping centre,
including the start of the excavation (digging) for the connection of
the escalator tunnel (Fig. 3).

At Olbrachtova station, the left and right-hand tunnels are being
driven. Up to 80m of their excavation length have been completed
(Fig. 4). The excavation of single-track tunnels between the two
stations has already been completed in their entire lengths. With
the successful development of the works, it was also necessary to
expand the site facilities on the surface to the extent of the Antala
Staska junction and Na Strzi streets up to the crossing with Radova
street. This is also already being experienced by local residents in
particular.

From the above information on the summary of the progress of
the work it is evident that the section being under construction is
doing relatively well, but for the whole Metro D line to do well it is
necessary that the other neighbouring sections also do well and here
unfortunately the current situation is not so happy. The originally
planned date of starting the work on the Olbrachtova station
(excepted) — Nové Dvory section, including the running tunnels
from Pisnice in September 2023, is irretrievably lost. Although the
tender for the contractor for the civil engineering part has been
concluded by the contracting authority, due to the challenge to this
result by the Office for the Protection of Competition (UOHS), the
start of construction of this section has now been postponed until at
least the summer of this year. On the other hand, the tender for the
monitoring contractor went through the same torture at the UOHS

Z vyse uvedené informace o sumafi postu-
pu praci je patrné, Ze realizovanému useku se
daii pomérné dobre, ale aby se dafilo dobfie
i celé trase Metra D, je potfebné, aby se dafilo
i dal$im navazujicim tisektim a tady bohuzel
aktudlni situace jiz tak radostnd neni. Totiz
pivodné planovany termin zahdjeni praci na
useku Olbrachtova (mimo) — Nové Dvory
véetné tratovych tunelti z Pisnice v zafi 2023
je nendvratné minulosti. Vybérové fizeni na
zhotovitele stavebni Casti ze strany zadavatele
bylo sice ukoncéeno, ale vzhledem k napadeni
tohoto vysledku Utadem pro ochranu hospo-
daiské soutéze (UOHS) je nyni zahajeni vy-
stavby tohoto useku odloZzeno minimalné az
do 1éta tohoto roku. Na druhou stranu vybé-
rové fizeni na zhotovitele monitoringu proslo
u UOHS stejnou torturou a zhotovitel jiZ vy-
bran byl a smlouva se zadavatelem byla pode-
psana, takZe doufejme, Ze podobného vysled-
ku se dockame i v piipad€ vybéru zhotovitele
stavebni Casti. Poskytovatelem sluzeb moni-
toringu je sdruZeni ,,Krtek D monitoring I

Obr. 2 Poklddka hydroizolace a jeji ochrany mazaninou pfi provddéni tunelii obratovych koleji
Fig. 2 Laying waterproofing layer and its protection with screed when working on turn-back tracks




Obr. 3 Hloubeni stavebni jamy vestibulu pred OC Arkddy
Fig. 3 Excavation of construction pit for concourse in front of OC Arkddy

slozené ze spolecnosti GeoTec-GS, a.s. (vedouci ucastnik),
SG Geotechnika, a.s., INSET, s.r.o., GEOtest, a.s., Angermeier
Engineers, s.r.o. a PUDIS, a.s. Sdruzeni Krtek na zakladé vyzvy
zadavatele zahajilo svoji ¢innost dne 10. 1. 2024.

TakZe s prihlédnutim k vySe uvedenym informacim miZeme
opét konstatovat, Ze realizacné se projektu Metra D stéle dari, ale
soucasné soutézné a legislativné by se mu v budoucnu snad uz
mohlo zacit dafit i vice a k tomu si jako jiz tradi¢né a na zavér
popfejme — Zdar Buh!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Okruhliak

NDS koncom jina 2023 podpisala zmluvu s vitaznym uchadza-
¢om na vystavbu druhej etapy obchvatu PreSova na R4. Zhotovi-
tefom 10,2 km trasy obchvatu je ZdruZenie R4 severny obchvat
Pregova II. etapa na &ele so spolo¢nostou Eurovia SK. Dal§imi
Clenmi zdruZenia st spoloc¢nosti Eurovia CS, SMS, Vahostav — SK
a TuCon.

Druha cast preSovského obchvatu na R4 nadviaZe na prvu eta-
pu v dizke 4,3 kilometra s viac ako kilometrovym tunelom Bikos.
Ta bola po Styroch rokoch vystavby odovzdana do uZivania mo-
toristom 25. septembra 2023. Sti¢asne s odovzdanim prebehlo aj
slavnostné poklepanie zdkladného kamena druhej Casti severného
obchvatu PreSova.

Stcastou druhého tseku je aj vystavba tunela Okruhliak dizky
1913 m. Spolo¢nost TuCon, a.s. v tejto dobe realizuje pripravné
prace pre zaciatok razenia tunela, ktoré je naplanované od zapad-
ného portalu v aprili 2024 (obr. 5). Od decembra 2023 prebiehaji
prace na realizécii pristupovych ciest k portdlu, zaistenie portalu

tunela a realizécia zariadenia staveniska.
Predpokladané ukoncenie II. etapy rychlostnej cesty R4 a jej
uvedenie do prevadzky sa o¢akdva na jesen 2027.
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Obr. 4 Razba cdsti stani¢niho tunelu stanice Olbrachtova
Fig. 4 Driving a part of Olbrachtova station tunnel

and the contractor has already been selected and the contract with
the contracting authority has been signed, so hopefully we will
see a similar result in the case of the selection of the contractor
for the civil engineering part. The provider of monitoring services
is the association “Krtek D monitoring II”” consisting of GeoTec-
GS, a.s. (leading participant), SG Geotechnika a.s., INSET s.r.o.,
GEOtest, a.s., Angermeier Engineers, s.r.o.. and PUDIS, a.s.,. The
association Krtek started its activity on 10 January 2024 on the
basis of the invitation by the contracting authority.

So, taking into account the above information, we can once
again state that the Metro D project is still successful in terms of
construction operations, but at the same time, competitively and
legislatively, it could hopefully start to do even better in the future.
As usual and in conclusion, we wish it — God speed!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Okruhliak tunnel

At the end of June 2023, National Motorway Association (NMS)
signed a contract with the winning tendererer for the construction
of the second stage of the PreSov bypass on the R4 motorway.
The contractor for the 10.2km bypass route is the Association R4
Presov Northern Bypass Stage II headed by Eurovia SK. Other
members of the association are Eurovia CS, SMS, Vahostav — SK
and TuCon.

The second part of the PreSov bypass on the R4 will follow the
first 4.3km long stage with more than one kilometre long Biko$
tunnel. After four years of construction work, this stage was handed
over to motorists on September 25, 2023. Concurrently with the
handover, the ceremonial tapping on the foundation stone of the
second part of the northern bypass of Presov took place.

Part of the second section is also the construction of the
Okruhliak tunnel with a length of 1,913m. The company
TuCon, a.s. is currently carrying out preparatory work for the start
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Obr. 5 Prdce na zdpadnom portdli tunela Okruhliak
Fig. 5 Working on the portal west of the Okruhliak tunnel

Tunel Cebrat of tunnelling, which is planned to start from the western portal in
Prace na tuneli Cebrat dizky 3,6 km tseku dialnice D1 Hubovd | April 2024 (Fig. 5). From December 2023, work is ongoing on the

— Ivachnova tvoriaceho obchvat mesta RuZomberok pokracuju fina- construction of access roads to the portal, securing the tunnel portal

liz4ciou stavebnych prac v tunelovych rirach. Oc¢akava sa, Ze dial- | and preparation of the construction site utility.

ni¢ny usek bude dokonceny a odovzdany verejnosti na pouZivanie The expected completion of Stage II of the R4 express highway

Obr. 6 Priprava betondZe posledného zdlivového bloku ostenia v tuneli Cebraf
Fig. 6 Preparation for pouring concrete of the last lining block of the lay-by in the Cebraf tunnel

and its entry into operation is expected
in autumn 2027.

Cebrat tunnel

Work on the 3.6km long Cebrat
tunnel on the D1 Hubova — Ivachnova
motorway forming the RuZomberok
bypass continues with the finalization
of construction work in tunnel tubes.
The motorway section is expected to
be completed and handed over to the
public for use in 2025. The contractor
for the construction is the consortium
of companies OHLA 7S, a.s., and
Vahostav-SK, a.s..

In January 2024, concreting of upper
vaults in the entire length of both
tunnel tubes, including cut-and-cover
tunnel blocks has been finished. On
18.12.2023, block No. 56 in emergency
bay no.l in the tunnel tube north was
concreted as the last one (Fig. 6). In
both tunnel tubes, work is still ongoing
on repairs of lining surfaces.




v roku 2025. Zhotovitelom stavby je zdruZenie
spolo¢nosti OHLA 78, a.s., a Vdhostav-SK, a.s..

V janudri 2024 st vybeténové horné klenby
v celej tunelovej dizke oboch tunelovych riir
vritane blokov hibenych tunelov. Ako posled-
ny bol 18. 12. 2023 vybeténovany blok ¢. 56
v nidzovom zdlive ¢.1 v severnej tunelovej
rire (obr. 6). V oboch tunelovych rdrach este
pokracuju prace na vyspraveni povrchov oste-
nia.

Budovanie chodnikov v juznej tunelove;j rire
postupuje od vychodného portilu (obr. 7). Str-
binové Zlaby sii osadené na dizke cca 1580 m
a obrubniky 1450 m. Kablovody v chodnikoch
st skompletované na dizke cca 1050 m. Na
trase poziarneho vodovodu je zmontovanych
prvych 350 m. Rovnako v severnej tunelovej
rire prebiehaji prace na chodnikoch v smere
od vychodného portalu. Strbinové Zlaby st
osadené na dizke 1160 m a obrubniky 1190 m.
Kablovody v chodnikoch su skompletované
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v dizke cca 900 m. Potrubie poZiarneho vo-
dovodu sa zacne montovat zaciatkom mesiaca
februdr 2024.

V tunelovych prie¢nych prepojeniach €. 4 az 14 je uz dokoncené
sekundarne ostenie. Prepojenia ¢. 8 az 14 su vo vnitri stavebne do-
koncené, dokoncuju sa vstupné Celné steny a v priestoroch rozvodni
ostava dokoncit zdvojené podlahy (obr. 8). V prepojeniach €. 4 az 7
sa muruju steny rozvodni a ¢elné steny prepojeni. V prepojeniach
¢. 1 az 3 bude postupne vybudované sekundarne ostenie.

Na vychodnom portéli sa intenzivne pracuje na dokonceni vystav-
by technologickej centraly. V predpoli tunela st uz vybudované tra-
sy odvodnenia a vodovodu a ukoncuje sa vystavba kablovodov. Na
technologickej centrdle na zapadnom portali sa buduji steny prize-
mia. V predpoli pribudla rozdelovacia Sachta poziarneho vodovodu.

Ing. ROBERT ZWILLING, TuCon, a. s.
Ing. IVAN MICHALE, Vihostav-Sk, a.s.

Obr. 8 Vniitorné konstrukcie v priecnom prepojeni ¢. 10
Fig. 8 Internal structures in cross passage No. 10

Obr. 7 Juznd tunelovd rira pripravend na budovanie chodnikov
Fig. 7 Southern tunnel tube prepared for carrying out walkways

The construction of swalkways in the southern tunnel tube
proceeds from the eastern portal (Fig. 7). The installation of slotted
drainage pipes at a length of about 1,580m and curbs at a length
of 1,450m is completed. The cableways in the walkways are
completed on a length of about 1,050m. Initial 350m of the fire
main have been installed. Also in the northern tunnel tube, work
is underway on walkways in the direction from the eastern portal.
Slotted drainage pipes installation has been finished at a length
of 1,160m and curbs 1,190m. Cable ducts in the walkways are
completed at the length of about 900m. The fire main installation
will start in early February 2024.

In tunnel cross passages No. 4 to 14, secondary lining is already
completed. Cross passages No. 8 to 14 are structurally completed
inside, the entrance head walls are being completed and the
elevated floors remain to be finished in
the distribution substation areas (Fig. 8).
In cross passages 4 to 7, the walls of
distribution substations and the front walls
of the cross passages are being bricked. In
cross passages No. 1 to 3, secondary lining
will be gradually built.

Intensive work is underway on the
eastern portal to complete the construction
of the technical headquarters. In the
tunnel foreland, drainage and water
main routes have already been finished
and the construction of ducts is being
completed. At the technical headquarters
on the western portal, the walls of the
ground floor are being built. A fire
water distribution shaft was added in the
foreland.

Ing. ROBERT ZWILLING,
TuCon, a. s.

Ing. IVAN MICHALE,
Vihostav-Sk, a.s.
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TuNel

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S VODNiMI TUNELY

PICTURE POSTCARDS WITH WATER TUNNELS

In this series, picture postcards with transport tunnels, dominated
by railway tunnels, are most often presented. This is followed
by postcards with road tunnels, and much less so by postcards
with urban railway tunnels. The explanation is simple: transport
tunnels are some of the most common, in the best sense of the
word “ordinary” underground structures. They are widely known
and visible, therefore attractive to the public. And that’s why the
creators and publishers of postcards accepted them in the past, and
still do it today as the most frequent topic of their products. In the
shadows, another type of important linear underground structures,
which are among the oldest in the history of construction, remains.
At the same time, these objects often significantly surpass traffic
tunnels due to a number of parameters, especially in terms of
length. These are, unsurprisingly, water galleries and tunnels.
Such as those that serve as drinking water transfer, irrigation
tunnels, as drainage tunnels protecting against flooding. They drain
wastewater, serve for navigation, are part of complexes for the
production of electrical energy, etc.

V tomto seridlu jsou nejcastéji uvadény pohlednice s tunely do-
pravnimi, s dominanci tuneli Zelezni¢nich. Nésleduji pohlednice
s tunely silni¢nimi, znatelné¢ méné jsou to pak pohlednice s tunely
meéstskych drah. Vysvétleni je jednoduché: u dopravnich tunelt jde
o jedny z necastéjsich, v nejlepSim slova smyslu ,,nejobycejnéj-
Sich* podzemnich staveb. Jsou v§eobecné znamé a viditelné, tudiz
pro vetejnost atraktivni. A proto je také tvlirci a vydavatelé pohled-
nic v minulosti brali, a v soucasnosti stile berou, jako nejCastéjsi

Plavebni tunely v prevezu na vodnich cestdch ve Francii

BILLY-LE-GRAND FOUG
C.DE L'AISNE A LA MARNE C. DE LA MARNE AU RHINE
1856 -2 302 M 1843 -867 M

BELESMES R
C. DE LA MARNE A LA SAONE
1893 -4 820 M

« Rada depart.
Mesra Parid
= Vodni cesta
1 Foug
€ Condes
3 Balesmaes
4 Billy le Grand

=

N
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Obr. 1 Vodni cesty ve Francii s provozovanymi plavebnimi tunely [3], ¢isly 1, 2,
3, 4 jsou vyznacené tunely na pohlednicich ki tované v ¢lanku

Fig. 1 Waterways in France with operating navigation tunnels [3], numbers 1,
2, 3, 4 mark tunnels on postcards commented in the article

téma svych produkti. Ve stinu tak zistdva dalsi typ vyznamnych
liniovych podzemnich staveb, patficich pritom z pohledu historie
stavitelstvi k viibec nejstar§Sim. Tyto objekty soucasné fadou para-
metrii, predev§im délkou, dopravni tunely Casto i znacné preko-
navaji. Jsou to neprekvapivé vodni Stoly a tunely. Takové, které
slouzi jako privadéce pro zasobovani pitnou vodou, jako irigacni,
jako odvodniovaci chrani pfed zaplavami, odvadéji odpadni vody, je
jimi vedena plavba, jsou soucasti komplexli pro vyrobu elektrické
energie etc. etc.

Vezme-li se za zakladni méritko podzemniho dila jeho délka, pak
ve vybranych kategoriich na prvnich pfickach svétovych Zebiicki
stoji aktudln€ tyto vodni tunely a Stoly [1]:

* Tunely pro zasobovani obyvatelstva vodou:

Delaware Aqueduct (USA), 1945, dl. 137 km, @ 4,1 m.
Pozn.: jako patd je uvadénd 3tola Zelivka (CR), 1972,
dl. 51,1 km, 5 m%.

e Tunely zavlahové:

Orange — Fish River Tunnel (Jizni Afrika), 1975, dl. 82,8 km,
22,5 m>.

e Tunely pro vyrobu elektrické energie:

Karahnjukar Hydropower Plant (Island), 2007, dl. 39,7 km,
@ 7,2+7,6 m.

¢ Plavebni tunely:

Du Rove (Francie), 1927, dl. 7,118 km, §. 22 ma v. 15,4 m.

Pozn.: V segmentu tunelii a Stol vedoucich vodu ziistdavd do jisté
miry pooteviené Ceské technické ndzvoslovi. PouZivaji se terminy
...hydrotechnicky, vodohospoddrisky, voddrensky, kanalizacni,
privadéc..., terminy ...pro zdsobovdni vodou, pro zavlaZovdni,
na plavebnich kandlech jsou to tunely priplavni, priplavové, pla-
vebni, kandlové... Voditkem pro sprdvnou technickou terminologii
v Ceském jazyce by patrné méla byt zavedend KSO — Klasifikace
Stavebnich Objektii. Podzemnich staveb vedoucich vodu se v tomto
dokumentu tykaji predevsim: kapitola 825 — polozka 825 15 tunely
vodni (Ficni, voddrenské, plavebni, vodnich dél), poloZka 825 17
tunely odpadnich vod, a obdobné poloZka 825 21 Stoly vodni (Fi¢-
ni, voddrenské, vodnich dél) a poloZka 825 27 §toly odpadnich
vod.

Ve sbirkdch autort tohoto seridlu se z pohlednic s vodnimi tu-
nely nachdzeji predev§im poloZky s tunely plavebnimi. Snad jen
shodou okolnosti pochézeji predevsim z Francie (obr. 1), matetské
zemé genidlniho samouka, vyndlezce a stavitele rytite J. J. Rique-
ta. Ten jiZ roku 1679 navrhl a vedl stavbu viibec prvniho a dodnes
provozovaného plavebniho tunelu Malpas na Canal du Midi v jiZni
Francii. Devét pohlednic se sedmi plavebnimi tunely pak v ¢lanku
dopliiuje nékolik zajimavych poloZek s vodnimi tunely jiné funkce.
Z nich je stavbou nejznamé;jsi a snad také nejpozoruhodnéjsi Eupa-
lintv tunel z davné antiky.

EUPALINUV TUNEL NA OSTROVE SAMOS

Patrné nejstar§i znamou podzemni liniovou inZenyrskou stavbou
v Evropé je Eupaliniv tunel (z pohledu ¢eského nazvoslovi jde
o Stolu) na ostrové Samos. Privadél vodu do hlavniho mésta, dnes
pojmenovaného Pythagorio. Byl proraZeny horou Kastro na pfi-
kaz tyrana Polykrata (tato pozoruhodna osobnost vladla ostrovu od




Obr. 2 Eupaliniiv tunel Samos. Recko. Summer Dream® Editions, 32. Aeropis
str. Athens, Photo by L. Hapsis. 2010 [sbirka autorii].

Pohled do tunelu/stoly smérem k severu. Vpravo, u vychodni stény, byla ryha
vodovodu po zpristupnéni iseku dodatecné zabezpecena mrizi. Na sténdch jsou
patrné stopy po rozpojovdni horniny. Dilo neni, aZ na vstupni partie, vyzdeéné.
Stav horniny je pritom i po vice nez 2 500 letech velmi dobry.

Fig. 2 Eupalinus‘ Tunnel. Samos, Greece. Summer Dream® Editions, 32.
Aeropis str. Athens, Photo by L. Hapsis. 2010 [authors” collection].

View into the tunnel/gallery towards the north. To the right side, at the eastern
wall, the trench of the water supply was additionally secured by a grille after
the section was made accessible. Traces of rock disintegration are visible on the
walls. The work is not, except for the entrance parts, bricked. At the same time,
the condition of the rock is still very good after more than 2,500 years.

roku 538, { asi roku 522 pt. Kr. — viz ,,Polykratv prsten*). Vlast-
ni tunel/Stola je dlouhy 1050 m (v pfimé linii 1 036 m/ 4 000 ft).
Hlavni chodba ma rozméry cca 1,80 x 1,80 m (obr. 2 a 3), misty
je mirné zuZend, v setkdni protirazeb se naopak rozsituje. Pfi vy-
chodni sténé€ je po celé délce ryha hloubky od 3,5 azZ do 8 m pro
vodovod. Tunel byl totiZ provozovany jako ,,suchy* a voda byla
vedend v priblizné 4 000 ks terakotovych trubek vnitiniho @ okolo
0,25 m, poloZenych ve spadu 0,45 %. Kapacita dodavky Cinila aZ
400 m? vody denné.

Stavitelem tunelu byl Naustrofiiv syn Eupalinos z Megary, a gé-
nia stavitele potvrzuje prokdzané historické prvenstvi v metodicky
fizené protirazbé z obou portilii. Odborna vefejnost i laici dodnes
zasnou jak uspésné, a pritom bez pomoci pokrocilych métickych
prostfedkd, probéhlo setkani obou vétvi. Rozpojovani horniny se
délo ruéné (snad jiz zeleznymi?) dlaty a kladivy, praci usnadiiovala
horizontalni vrstevnatost vapenct. Razbu provadéli za znicujicich
podminek otroci (zajatci z valky s ostrovem Lesbos?), s osvétlenim
olejovymi kahanci, vétrani patrn€ Zadné. Odhady trvani stavby ¢ini
10 az 15 let. Prufez dila se z tohoto pohledu jevi az velkorysy.

Eupalintv tunel/Stola na ostrové Samos byl jako mimofadna
historicka technickd pamatka roku 1992 zapsany do seznamu Své-
tového dédictvi organizace UNESCO. Stavba, jeji osudy a jen po-
stupn€ odkryvané otizky jejiho vzniku zaujaly také fadu umélct
(napt. Paul Valéry — Dialogy se Sokratem, Eupalinem...) [2].

TUNEL LIVERDUN NA KANALU MARNA-RYN

Kopec vysoky 340 m n. m s mésteckem Liverdun v departemen-
tu Meurthe-et-Moselle stal v cesté budovanému kandlu mezi Mar-
nou a Rynem. Stavitelé prekonali prekazku plavebnim tunelem
vyrazenym mezi lety 1839 aZz 1841. Geologické poméry mista si
vynutily rychly postup praci a pouziti mohutné vyztuze. Tunel tak
byl dokonceny bez vaznéjsich nehod za 18 mésict, ale ve znacném
predstihu vici kanélu, a proto jeho slavnostni otevieni pripadlo az
na rok 1843. Parametry objektu byly: délka 388 m, svétla Sitka 8 m
a vySka 8,60 m, pfi plavebni hloubce 3,10 m. U levé opéry byl tunel
vybaveny vle¢nou cestou pro korisky zaprah — obr. 4 a 5.

.1/2024

Obr. 3 103. Samos. Efpalinion. Photo Tenis Edition — Samos/Greece©. 1993
[sbirka autorii].

Cdst cca 100 m dlouhého tiseku pristupného verejnosti z jizniho vchodu nad
meéstem Pythagoriem slouZi také jako lapiddrium.

Fig. 3 103. Samos. Efpalinion. Photo Tenis Edition — Samos/Greece©. 1993
[authors” collection].

A part of the approximately 100m long section accessible to the public from the
southern entrance above the city of Pythagoras also serves as a lapidarium.

La Larralng Ull=sinda
g = B i Sorr. = Limprtun, - Raris i Tissd fEaasl i L Marms we Bhdins

Obr. 4 Ilustrované Lotrinsko 204 okoli Nancy — Liverdun. Vyjezd z tunelu
(kandl Marna—-Ryn). P. Helmlinger le phot. Nancy. 1904 [sbirka autorii].
Zdpadni portdl tunelu, nad nim je na kopci méstecko Liverdun. Do tunelu se
pripravuje vjet (¢i z néj prdvé vyjizdi) vlecny ¢lun, na rejdé pred tunelem pak
Cekaji dvé dalsi ricni plavidla.

Fig. 4 Illustrated Lorraine 204, around Nancy — Liverdun. Exit from the
tunnel (Marne-Rhine Canal). P. Helmlinger le phot. Nancy. 1904 [authors‘
collection].

The western portal of the tunnel, above it on a hill is the town of Liverdun.
A tugboat is preparing to enter (or is in the process of leaving) the tunnel, and
two other river vessels are waiting at the yard in front of the tunnel.
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Obr. 5 Liverdun — tunel na kandlu? 1905 [sbirka autorii].

Hiluboce zariznuty vychodni vstup do plavebniho tunelu.

Fig. 5 Liverdun — a tunnel on the canal? 1905 [authors ¢ collection].
Deeply cut eastern entrance to the navigation tunnel.

Kdyz bylo po vice neZ sto letech v roce 1978 dokonceno splav-
néni Mosely, stal se tsek starého kanalu mezi Toulem a Frouardem
nepotfebnym a byl z vétsi ¢asti zasypan. Tunel pod stfedovékym
mésteckem Liverdun sice takovému osudu unikl, nicméné dnes je
s portaly uzavienymi miiZzemi nepiistupny [3, 4].

TUNEL FOUG NA KANALU MARNA-RYN

Tunel Foug (obr. 6) na kandlu Marna—Ryn vede od roku 1843
skrze stejnojmenny 396 m n. m. vysoky kopec v katastru obci Foug
a Lay-Saint-Remy v departementu Meurthe-et-Moselle. Tunel je
dlouhy 867 m a byl postaveny v profilu ,,Freycinet* (viz informace
v nésledujicim medailonu k tunelu de Condes). Stavba probihala ve
slozitych geologickych podminkach, kdy predevsim velké vyvéry
vody zpusobovaly ¢etné nestability horniny, provazené nehodami.
I proto ma tunel t€zké osténi tloustky 1,40 m v klenbé a téméf 1 m

Obr. 6 Ilustrované Lotrinsko. Okoli Toul — Foug — tunel na kandlu. Libraire
Oury, Toul. P. H. & Cie. Nancy. Okolo 1920(?) [sbirka autorii].

Na pohlednici je jihovychodni portdl tunelu s ndstupni rejdou. Z tunelu pravée
vyjizdi ¢lun. Po obou strandch jsou vyvdzané dalsi cluny pripravené k plavbé.
Vlevo, pred portdlem, stoji kuiri s koc¢im a kontrast drobné postavy tahouna a mo-
hutné masy clunu vede k zamysleni. Za pozornost stoji i fotografem skvéle za-
chycené zrcadleni portdlu.

Fig. 6 Illustrated Lorraine. Surroundings Toul — Foug — tunnel on the canal.
Libraire Oury, Toul. P. H. & Cie. Nancy. Around 1920(?) [authors collection].
On this picture postcard you see the south-eastern portal of the tunnel with the
boarding roadstead. A boat is just sailing out of the tunnel. On both sides there
are other boats moored, ready to sail. On the left side, in front of the portal, there
is a horse and coachman, and the contrast between the small figure of the work-
horse and the huge mass of the boat leads to reflection. It is also worth noting the
photographer s brilliantly captured mirroring of the portal.

TuNel

PR

v opéfi. Plavebni §itka je 6,2 m, pri jihozdpadni st€né je soucasti
vybavy 1,4 m Sirokd vlecna stezka. Béhem stavby zde bylo nasaze-
no zna¢né mnozstvi lidi — zaznamy z obecnich schizi z roku 1843
uvadéji pritomnost 400 az 500 d€lnika.

K technickym zajimavostem katastru obce Foug nalezi existence
dalsi vyznamné podzemni stavby — stejnojmenného dvoukolejného
Zelezni¢niho tunelu Foug, délky 1 120 m [3, 5].

TUNEL BILLY LE GRAND NA KANALU AISNE-MARNA

Kanal Aisne—Marna je dlouhy 58 km, ma 24 zdymadel a jeden
plavebni tunel (obr. 7). Ten se nachédzi na rozvodi obou fek v de-
partementu Marne a nese jméno piekazky, kterou prekonava. Touto
prekazkou je kopec Mont de Billy.

Bnirde du tessdl di MONT-DE-BILLY

Obr. 7 Vstup do tunelu Mont de Billy. Ragot Jules, éditeur, Mont-de-Billy. Po
1900 [sbirka autorii].

Dnes je oficidlni jméno tunelu ,,Billy le Grand*. Na pohlednici je severni portdl,
nachdzejici se na katastru obce Sept-Saulx.

Fig. 7 Entrance to Mont de Billy tunnel. Ragot Jules, éditeur, Mont-de-Billy.
After 1900 [authors‘ collection].

Today, the official name of the tunnel is , Billy le Grand“. On this picture
postcard there is the northern portal located in the cadastre of the village of
Sept-Saulx.

Stavba tunelu dlouhého 2302 m se tdhla v letech 1840 aZ do
1856, pricemz kanal byl otevieny plavbé jesté o 10 let pozdéji
v roce 1866. Stavba se totiz setkdvala s Cetnymi obtiZzemi zpuso-
benymi propustnym krasovym podlozim a velké ztrity vody si vy-
nutily dodate¢né vyzdivani koryta. Tunel je Siroky 7,8 m, vysoky
7 m, Sitka plavebni drdhy ¢ini 6,2 m, pii hloubce 3 m. Po délce
tunelu je charakteristicka vlecna lavice Siroka 1,6 m. Oproti dal§im
ve Francii ma plavebni tunel Billy le Grand zavedeny originalni
zpusob vleceni Clund. Jiz 1885 zde byl konsky zdprah nahrazeny
systémem inzenyra Maurice Lévyho, spocivajicim v nekone¢ném
tazném lanu s parnim pohonem. Para pak byla 1933 definitivné
nahrazena elektrickou trakei.

Béhem prvni svétové valky byl kanal prakticky zni¢eny probi-
hajicimi boji; tunel Mont de Billy pfitom slouzil jako dkryt pro

o

délostielectvo umisténé na fi¢nich Clunech [3, 6, 7].

TUNNEL CONDES NA KANALU CHAMPAGNE-BURGUNSKO
Kanél ptivodné nazvany podle fek Marna a Sadna dnes nese jmé-
no regiond, které spojuje, tedy Champagne a Burgundsko. Kanal
je dlouhy 224,2 km a protind tim pét departementti (Marne, Me-
use, Haute-Marne, Haute-Sadne a Cote-d‘Or). Prace na rozsifeni
starého kanalu Haute-Marne byly zahdjené 1880, cela vodni ces-
ta byla oteviena roku 1907. Je vybavena vedle 114 standardnich
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Obr. 8 43. La Haute-Marne. Chaumont — tunel de Condes. Cliché A. Pourtoy,
Editeur. 1911 [sbirka autorii].

Jizni portdl s prithledem 275 m dlouhym tunelem. Vynikd mimorddnd Sitka ob-
Jektu véetné viecnych drah po obou strandch. Pro Fazeni ¢lunil je pred tunelem
charakteristicky ndstupni prostor. Pozoruhodnd fotografie s poetickym zrcadle-
nim mohutného portdlu na vodni hladiné je snimand z plavebniho mostu pres
Feku Marnu, nachdzejiciho se v predpoli tunelu.

Fig. 8 43. La Haute-Marne. Chaumont — tunnel de Condes. Cliché A. Pourtoy,
Editeur. 1911 [authors‘ collection].

The 275m long tunnel can be looked through the southern portal. The extraordi-
nary width of the object, including towpaths on both sides, stands out. There is
a characteristic boarding area in front of the tunnel for the lining of boats.This
remarkable photograph with a poetic reflection of a massive portal on the water
surface is taken from the navigation bridge over the Marne River, located in the
foreground of the tunnel.

zdymadel i dvéma zdymadly podzemnimi a také dvéma plaveb-
nimi tunely. Prvni z nich je 275 m dlouhy tunel Condes, druhym
je tunel Balesmes — viz nésledujici medailon. Zasobovéani kana-
Iu vodou zajistuji Ctyfi naddrze: Lac de Charmes, Lac de la Liez,
Lac de la Mouche a Lac de la Vingeanne. VSechny objekty vodni
cesty, tedy i tunely, spliiuji evropskou normu odpovidajici dnesni
plavebni tfid€ I, ve Francii zndmé jako Freycinet (podle ministra
Charlese de Freycinet, ktery ji prosadil 5. 8. 1879). Jde o parametry
zarucujici plavbu ¢lunti o vytlaku 300 az 350 t, Sirokych do 5,05 m,
pri ponoru 1,80 az 2,20 m. Vyjimkou potvrzujici pravidlo je pra-
vé tunel Condes. Ten ma plavebni drahu Sirokou na hladiné 11 m,
a pri oboustranné vlecné drize tak celkova svétla Sitka tunelu Cini
16 m. Je tak jedinym provozovanym plavebnim tunelem ve Francii
(s vyjimkou parizskych kanala a nepocitaje odstaveny tunel Rove),
ktery nepotiebuje semafory a umoZziuje lodim soucasny obousmér-
ny prijezd (obr. 8).

Trvaly pokles vyuZivani kanalu Champagne—Burgundsko se za-
stavil az roku 2000, a to necekané ve prospéch zvysené frekvence
vyletnich plaveb; nakladni dopravu se od té doby dafi udrzovat na
drovni cca 30 000 t/km (roku 2017) [3, 8].

TUNNEL BALESMES NA KANALU CHAMPAGNE-BURGUNSKO

Vedle objektu Condes je druhym tunelem na kandlu dnes po-
jmenovaném Champagne—Burgunsko tunel Balesmes. Je dlouhy
4 820 m, coz jej v této kategorii fadi ve Francii na Ctvrté misto.
Nachazi se na rozvodi Stfedozemniho a Severniho mote a La-
mansského prulivu, témér pod pramenem Marny. Tunel ma svétlou
vySku 10 m a Sitku 8 m, s jednostrannym ochozem pro korisky
potah. Trasa je vedena v hloubce 40 m pfimo pod nadvorim kostela
ve stejnojmenné obci. Pri protirazbé z obou portdlt trvala stavba
dva roky a tunel byl otevieny roku 1905.

Zajimavosti objektu je specidlni komora u jizniho vstupu (obr. 9),
ktera v pripadé valecné potfeby umoziovala tunel zavalit odpale-
nim pfipravené niloze.

Obr. 9 Heuilley-Cotton. — Tunel na kandlu Marna-Saona (délka: 6 kilomet-
ru). Frangois, phot. — Mielle, édit. Okolo 1920(?) [sbirka autorii].

Na pohlednici je jiZni portdl dlouhého plavebniho tunelu. Na rozdil od udajii
popisu pohlednice je dnes priiplav pojmenovany Champagne-Burgunsko. Obec
Heuilley-Cotton se nachdzi cca 2 km na jih od tunelu a uddvand délka 6 km
neodpovidd skutecnosti — tunel je o 1,2 km kratsi.

Fig. 9 Heuilley-Cotton. — Tunnel on Marna—Saodna canal (length: 6 kilometers
). Frangois, phot. — Mielle, édit. Around 1920(?) [authors’ collection].

On this picture postcard you see the southern portal of the long navigation tu-
nnel. Contrary to the data in the postcard description, today the canal is named
Champagne-Burgundy. The village of Heuilley-Cotton is located about 2km to
the south of the tunnel and the length of the object indicated on the picture post-
card is also valid — in fact the tunnel is 1.2km shorter!

Dnes je mozné tunelem proplout pouze malou lodi. Z pristavu
Langres-Champigny je tuto sluZbu nutné rezervovat predem [3, 9,
10].

TUNEL DU ROVE NA KANALU MARSEILLE-RHONE

Zamér postavit plavebni kanal Marseille-Rhone vznikl jiz
v XVIL stol. Hlavnim cilem bylo chranit malé lodé v pribiezni
plavbé pied vétrem zndmym jako mistral. V cesté vSak stala vrcho-
vina L Estague, vypinajici se mezi Marseille na jihu a Etang de
Berre v departementu Bouches-du-Rhone na severu. Az roku 1903
byl prijat navrh prekonat tuto prekdzku tunelem Rove a vytvofit
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Obr. 10 Velky tunel du Rove — suvenyr z vyletu. ??? Okolo 1930 [sbirka au-
torii].

Nezvykle monumentdlni vstup do tunelu z jihu navrhl architekt Gaston Castel.
Vynikd Sitka priirezu.

Fig. 10 The Great Tunnel du Rove — a souvenir from the trip. ??? Around 1930
[authors ¢ collection)].

The unusually monumental entrance to the tunnel from the south was designed
by architect Gaston Castel. The width of the cross-section stands out.
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Obr. 11 Marseille — Tunel du Rove (dlouhy 7 km 100 m). Kandl mezi Marseille
a Rhénou.

Phocka (?). Okolo 1930 [sbirka autorii].

Fig. 11 Marseille — Tunnel du Rove (7km 100m long). A canal between Mar-
seille and the Rhona. Phocka (?). Around 1930 [authors ¢ collection)].

tim soucasné jeden ze zakladnich prvkt budouciho dlouhého kané-
Iu z Marseille az do Strasbourgu na Rynu.

Price na tunelu byly zahajeny 1910. Razba jadrovou metodou
(u néds znamou téz jako ,,némeckd*) byla vedend soucasné od se-
veru i od jihu. Postupy praci zdrZovaly Casté a vydatné vyvéry pra-
menil. Na stavbé pracovalo aZ 3 000 pracovnikd, véts§inou Spanélé
a tradi¢né Italové. Béhem valky pak nahradili Italy némecti valecni
zajatci, nasazovani predevSim do velmi obtiznych partii. ProraZeno
bylo 19. 2. 1916. Klenba (v pfiportilovych tsecich tloustky 1 az
2,5 m) byla dozdénd koncem roku 1923, jadro dolomeno 1924
a koryto dokonceno 20. 9. 1925. Slavnostni otevieni pro plavbu
pfipadlo na 25. 4. 1927. Vznikl tak nejdelSi plavebni tunel na svété
(obr. 10 a 11), ve své dobé mozna nejdelsi tunel viibec, s plisobivy-
mi parametry: délka 7,118 km, svétla Sitka 22 m a vySka 15,4 m.
Plavebni dréha Siroka 18 m a hluboka 4 m umoZziiovala mijeni dvou
¢lunti o vytlaku 1 500 t a po jejich stranach byly vedené komuni-
kacni lavice Siroké 2 m. Kazdych 100 m byl profil zvétSeny vyklen-
kem a vZdy po kilometru se nachézela dkrytova komora. Podklady
(viz) bez bliz§iho pribliZzeni a jen velmi stroze uvadi, Ze ,.béhem
stavby zemrelo mnoho lidi*.

Dne 16. 6. 1963 se zfitilo 170 m osténi a zaval se vypropagoval
do krateru hlubokého 15 m ve vesnici Gignac-la-Nerthe. I presto,

Ze bylo osténi sanované Zelezobetonovou konstrukci, zstava tunel

TuNel

dodnes uzavieny pro veskerou plavbu, ktera je trvale odklonéna
morem. Znovu zprovoznéni je roky predmétem nekonecnych de-
bat, které se viak spise tykaji ekologie neZli plavby. Castym argu-
mentem odplrcl obnoveni provozu je také to, Ze tunel nema para-
metry odpovidajici sou¢asnym narokdm na tento typ lodni dopravy
[11,12].

PRVNI TUNEL NA PRVNIM KANALU Z JEZERA BIWA

Biwa je viibec nejvétsi sladkovodni jezero v Japonsku. Nachazi
se v prefektuie Siga na ostrové Honsu, severovychodné od velko-
mesta Kjoté. Ma plochu 670,3 km?, je 63 km dlouhé a az 20 km
Siroké. Pii jiznim cipu jezera se rozprostird Ocu, hlavni mésto pre-
fektury Siga, majici cca 300 tis. obyvatel.

Z Ocu do Kjéta vede tzv. Prvni kanal, stavebn& zahdjeny 1885

a dokonceny o 5 let pozdéji ve 23. roce éry panovani cisafe Mei-
dziho. Znamenal vyrazny stimul pro modernizaci Kjota, jeZ velmi
utrpélo premisténim hlavniho mésta do Tokia. Pojmenovani odrazi
skute¢nost, Ze stavba kandlu byla vibec prvnim podobnym dilem
pouze japonskych inzenyri a délnikt. Prace vedl (v dobé zahdjeni
toliko 21lety) Sakuro Tanabe. Kanal mél tfi hlavni funkce:

1. Vyroba elektrické energie. Elektrarna Ke-age byla vibec
prvni komer¢ni vodni elektrarnou v Japonsku, a stala se tak
zakladem elektrifikace nejen regionu Kjoto.

2. Doprava. Kanil zahajil boom komer¢ni prepravy ryze, dievé-
ného uhli, dieva, kamene a dal$iho zboZi mezi Ocu, Fushimi
a Osakou. Byla také zavedena osobni vyletni plavba.

3. Vodni energie a zasobovani vodou. Energie tekouci vody
umoznila loupéni ryZe, zpracovani pfize a valcovani médi.
Voda byla vyuzivana jako poZarni pro cisarsky palac a chram
Higashi Hongan-ji v Kjétu. Zasobila obyvatelstvo a napajela
rybniky a kanély vefejnych parkt i soukromych majetku.

Délka kanalu se udava priblizné 20 km. Nachazi se na ném Ctyfi

plavebni tunely. Nejdelsi z nich je tzv. Prvni (t€Z Nagarayama —

Obr. 12 Tunel na kandle Otsu Kjoto. Kolorovand fotografie. ? 1908 [sbirka
autorii].

Portdl nese prvky tradicni japonské architektury. Tri ze Ctyr tunelii na kandlu (aZ
na nejkratsi Druhy — Moroha) nesou na portdlu kamenné tabulky zvané ,, hen-
gaku*. Ty maji pro Japonce velky vyznam, protoZe jsou na nich texty sestavené
viidcimi politiky éry MeidZi. Na vychodnim portdlu nejdelsiho Prvniho tune-
lu (obr.) je to hengaku pana Hirobumi Ita, historicky viibec prvniho premiéra
Japonska.

Fig. 12 Tunnel on the Otsu Kyoto Canal. Coloured photo. ? 1908 [authors‘
collection].

The portal bears elements of traditional Japanese architecture. Three of the four
tunnels on the canal (except for the shortest Druha, Moroha) carry stone tablets
called ,,hengaku* on the portal. These are of great importance to the Japanese
because they contain texts compiled by the leading politicians of the Meiji era.
On the eastern portal of the longest First Tunnel (picture), it is the hengaku by
Myr. Hirobumi Ito, the first ever Prime Minister of Japan.
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obr. 12), dlouhy 2 440 m, ve své dobé viuibec nejdelsi tunel v Japon-
sku. NejkratSim tunelem na kandlu je tzv. Druhy (také Moroha),
délky 124 m. Svétlé dimenze tunell jsou: vyska 4,25 m a Sitka
4,84 m, s plavebni drahou hloubky 1,8 m. Stavba také zavedla pro
Japonsko zcela nové postupy — u nejdelsiho tunelu napf. rozfarani
ze dvou Sachet (hlubokych 47 a 20 m); dodnes slouzi k nouzovému
vystupu a k vétrani.

O 20 let pozdéji byl pro zvyseni dodidvek vody dokonceny sou-
bézny tzv. Druhy kandl. Byly postaveny tfi elektrarny a elektfina
osvétlila ulice a pohanéla tramvaje. Byla rovnéz dokoncena tprav-
na vody Ke-age a v Kjotu byl zfizen poprvé v historii vefejny vo-
dovod [13, 14].

RICNi TUNEL VIDENKY

Je obecné znamé, Ze Viden (Wien) leZi na Dunaji. Naopak zusta-
va (v CR rozhodné&) téméF neznamé, 7e Vidni protéka feka stejné-
ho jména — Wien (Wienfluss), jejiZ nazev je do CeStiny prekladany
Videiika. Reka prameni v zdpadnim Videfiském lese (Wienerwald)
a po 34 km se vléva do Dunajského kanalu v 1. a 3. videniském ob-
vodu. Prestoze protéka i méstskymi oblastmi, ma alpsky charakter
a je povazovana za divokou vodu.

Viden prekondva feka témér v celé délce v otevieném hlubo-
kém betonovém koryté, ziizeném pfi regulaci v letech 1895 az
1899 jako ochrana pred povodnémi. Architekt soubézné zfizova-
né méstské drahy Otto Wagner se sice zasazoval o jeji plné za-
kryti ze Schonbrunnu (13. obvod) az na Karlsplatz (1./4. obvod),
Viderika vSak byla zaklenuta jen ve tiech usecich. Pred zimkem
Schonbrunn (v délce 100 m), mezi Karl-Walther-Gasse a tram-
vajovou stanici Margaretengiirtel (v délce 350 m) a mezi trhem
Naschmarkt a méstskym parkem (v délce 2000 m). Lze se setkat
i s udajem uvade¢jicim: ,,zaklenuty je mensi usek feky dlouhy
2,8 km od Pilgramova mostu‘. Podzemni vedeni feky je provedené

Obr. 13 Videri 1. Reka Viderika (Wienflup) vytok od méstského parku. ??? 1925
[sbirka autorii].

Vychodni-severovychodni vystupni portdl zaklenuti Videriky, podle ndvrhu
Friedricha Ohmanna a Karla Hackhofera. Secesni komplex lemuji dva spoje-
né pavilony; figurdlni a dekorativni socharskd vyzdoba na zdech ndbreZi je od
Franze Kluga. Otevieni 15. 11. 1906, ndklady na stavbu: 556 tis. korun R-U
mény. 2001-4 probéhla za 4,62 mil. € generdlni rekonstrukce. Pohlednice byla
odesland 7. 7. 1925 z Wien do Hotelu Royal v Pistanech.

Fig. 13 Vienna I. The Wienfluf} river, an outlet from the city park. ??? 1925
[authors ¢ collection].

The east-northeast exit portal of the Wienfluss vaulting, designed by Fried-
rich Ohmann and Karl Hackhofer. The Art Nouveau complex is flanked by two
connected pavilions; the figural and decorative sculptural decoration on the
walls of the embankment is by Franz Klug. Opening on 15/11/1906, construction
costs: 556 thousand crowns A-H currency. 2001-4 general overhaul took place
at acost of €4.62 million. The postcard was sent on 7.7.1925 from Vienna to the
Hotel Royal in Pistany.
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ve velkorysém profilu — svétla Sitka 17 aZ 21 m, svétla vyska az
21 m a vyska samotné klenby aZ 11 m. Na povrchu se posléze
rozvinula béZnd méstskd zastavba. Verejnosti je zndmé zaklenuti

Obr. 14 Vodni tunel u Gossensass na Brenneru, Tirolsko. Joh. F. Amado.
Bozen E 1384. 1901 [sbirka autorii].

Jihovychodni vyusténi ricniho tunelu toku Isarco — Eisack. Tunnel je skalni —
postrddd vyzdivku.

Fig. 14 Water tunnel at Gossensass on the Brenner pass, Tyrol. Joh. F. Amado.
Bolzano E 1384. 1901 [authors‘ collection].

The south-eastern mouth of the Isarco — Eisack river tunnel. The tunnel is of the
rock type — it lacks lining.

Obr. 15 Brennerskd silnice (Brennertrasse). Vodni tunel u Gossensap. Koloro-
vand fotografie. Mezi 1900 aZ 1910? [sbirka autorii].

Fig. 15 Brenner Road (Brennertrasse). Water tunnel at Gossensafs. Coloured
photo. Between 1900 and 1910? [authors‘ collection)].
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Videriky predevsim podle vystupniho portalu pti méstském parku —
obr. 13 [15, 16, 17].

RICNi TUNEL V GOSSENSAB POD BRENNEREM

Brennersky prissmyk (Brennerpass, 1370 m n. m.) oddéluje Stu-
baiské Alpy na zapad€ od Zillertalskych Alp na vychodé a sou-
Casné spojuje jizni a severni Tyrolsko. Prismyk patii spolu se sv.
alpského tranzitu, pfi¢emz v silni¢ni dopravé je viibec nejzatizeng;-
§i. Je soucasné nejdilezitéjsim spojenim Rakouska s Itilii, od roku
1920 je totiz hranicni.

Nedaleko Brennerského prismyku, ve Stubaiskych Alpach ve
vySce pfiblizné 1990 m n. m. prameni feka Isarco (némecky Ei-
sack). S priblizné 96 km je druhou nejdelsi v provincii Jizni Tyrol-
sko (Tridentsko-Horni AdiZe). Cca 10 km na jih od Brenneru leZi
obec Gossensaf3-Cole Isarco, pfi jejimZ jiznim okraji je ve velmi

Tuel

uzkém udoli vtésnané kiiZeni feky Isarco-Eisack, ,,staré” Brenner-
ské drahy a dvou pozemnich komunikaci — silnice Brennerstraf3e-
-Via Brennero SS12 a ,,nové* Brennerské dalnice A22.

Trasa ,,staré” Brennerské drahy, budované v letech 186467, sle-
dovala tok feky a mistni kolize byly feSené vyrazenim sedmi, vétsi-
nou kratkych, fi¢nich tuneld. Profilem nejvétsi a soucasné nejdelsi
z nich se nachazi pravé v jizni ¢4sti Gossensal-Cole Isarco (obr.
14 a 15). Je dlouhy cca 85 m a v jeho bezprostfednim nadloZi je
severni vyudsténi 270 m dlouhého tunelu, ktery privadi silnici SS12
do obce.

Reka je oblibenym cilem vodak na raftech, nastup je nad tune-
lem, ten je vSak nesjizdny a je nutné prenaseni [18, 19, 20].

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. MILAN MAJER,
Ing. RICHARD SVOBODA, Ph.D.
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ANNIVERSARIES

OSEMDESIATE NARODENINY ING. STEFANA CHOMU

EIGHTIETH BIRTHDAY ING. STEPHEN CHOMA

Dlhoro¢ny odbornik v oblasti
mostnej a tunelovej vystavby a Cest-
ny Clen Slovenskej tunelarskej aso-
cidcie Ing. Stefan Choma sa 27. 12.
2023 dozil zZivotného jubilea 80 ro-
kov. Oslovili sme pri tejto prileZitosti
niekolko jeho dlhoro¢nych suputni-
kov, aby s Citatelmi Tunela zdielali
svoje spomienky a osobné odkazy
jubilantovi.

Pdna Ing. Stefana Chomu som prvy raz stretol v janudri 1999
ako kolegu na Slovenskej sprdve ciest. Spominam si na hodiny
spolocne strdvené v aute cestou na kontrolné dni stavieb. Predis-
kutovali sme mnoho situdcii, ktoré nds na stavbdch cakali, ale
bez povsimnutia nezostali aj témy mimopracovné, hlavne plnenie
agrotechnickych terminov doma na zdhraddch.

Nase cesty sa druhykrdt stretli v lete 2009 v spoloc¢nosti Basler
& Hofmann Slovakia. Bol som velmi rdd, Ze pdn Ing. Choma tu
pracoval, nakolko som vedel, Ze sa budem moct spolahniit na jeho
rady a podporu.

Domnievam sa, Ze na Slovensku nie je tunelovd stavba, ktorej
projektovej pripravy, alebo vystavby by sa pdn Ing. Choma nezii-
Castnil. S urcitostou v§ak moZem napisat, Ze je eSte vela cestnych
a dialnicnych tunelov, ktoré sii uZ v jeho myslienkach naprojekto-
vané.

Som vdacny za jeho pomoc a podporu. Velmi si vaZim jeho luds-
ky a odborny pristup a dakujem za obdobie, ktoré sme spolu strd-
vili. Zdroveni mu spolu s kolegami Zeldme pevné zdravie, aby sa
mohol venovat rodine, priatelom a svojim zdlubdm.

Ing. VALERIAN HORVATH,
konatel’ Basler & Hofmann Slovakia

S pdnom Stefanom Chomom som sa stretdval prakticky cely ,,od-
borny“ Zivot. Preto ho chcem aspori tymito riadkami pozdravit pri
Jjeho vzdcnom Zivotnom jubileu. Napriek tomu, Ze pracoval prevaz-
ne na strane investorskych a ja na strane doddvatelskych organi-
zdcit, nasli sme spolocny zdujem v technickej oblasti jednotlivych
stavieb. Spociatku islo o zacinajiicu vystavbu slovenskych dialnic
zdpadnym a vychodnym smerom od Bratislavy. Postupne sa Spe-
cializoval na mostné objekty dialnic, co vyustilo do podielu na
tvorbe prakticky vietkych piatich mostov cez Dunaj. A to uZ boli
diela mimoriadnej technickej ndrocnosti, ako vo vztahu k dravej
rieke, tak k rozsahu a uZitkovej hodnote.

Postupnym rozvijanim dialnicnej siete a jej posunom do horna-
tejsich oblasti Slovenska vznikla poZiadavka na tunelové stavby.
Stefan sa vidy zaujimal o nové poznatky, absolvoval postgradudil-
ne Stiidid a krdtkodobé stdZe v zahranici na stavbdch s rozvinutym
tunelovym stavitelstvom. Tak sme sa pracovne stretli na nasom
najdlhsom 7,5 km tuneli Vistiové, konkrétne na jeho prieskumnej
Stolni. Napriek optimistickému predbeznému geologickému pro-
filu sme v realite nardZali na rozsiahle poruchové pdsma, velké

Stefan Choma, a long-time expert in the field of bridge and
tunnel construction and honorary member of the Slovak Tunnelling
Association, celebrated his life jubilee of 80 years on 27.12.2023.
On this occasion, we reached out to several of his long-time friends
and colleagues to share their memories and personal messages to
the jubilant with the readers of the Tunnel.

1 first met Mr. Stefan Choma in January 1999 as a colleague at
the Slovak Road Administration. I remember hours spent together
in the car on the way to construction inspection days. We discussed
many situations that awaited us on construction sites, but non-
working topics did not remain unnoticed, especially fulfilling
agrotechnical deadlines at home in gardens.

Our ways met for the second time in the summer of 2009 at
Basler & Hofmann Slovakia. I was very glad that Mr. Choma
worked there, as I knew that I would be able to count on his advice
and support.

In my opinion, there is no tunnel construction in Slovakia whose
design preparation or construction Mr Choma would not have
participated in. However, I can write with certainty that there are
still many road and motorway tunnels that are already designed
in his thoughts.

I am grateful for his help and support. I really appreciate his
human and professional approach and thank him for the time we
spent together. At the same time, my colleagues and I wish him
good health so that he can devote himself to family, friends and
his hobbies.

Ing. VALERIAN HORVATH,
Managing Director of Basler & Hofmann Slovakia

I was meeting Mr. Stefan Choma practically all my
,,professional “ life. Therefore, at least with these lines, I want to
greet him on the precious jubilee of his life. Despite the fact that
he worked mainly on the side of investor organizations and me on
the side of supplier organizations, we found a common interest
in the technical area of individual projectss. Initially, it was the
starting development of Slovak motorways in the western and
eastern directions from Bratislava. Gradually, he specialized in
bridge structures of motorways, which resulted in a share in the
creation of practically all five bridges over the Danube. And these
were already works of extraordinary technical complexity, both in
relation to the wild river and the scale and utility value.

The gradual development of the motorway network and its shift
to the more mountainous areas of Slovakia created a requirement

for tunnel constructions. Stefan has always been interested in

new knowledge. He completed postgraduate studies and short-
term internships abroad on construction sites with developed
tunnel construction. So we met at our longest 7.5km long tunnel
Vistiové, specifically at its exploration adit. Despite the optimistic
preliminary geological profile, in reality we encountered extensive

Sfault zones, large water inflows and an unstable environment.

It was also thanks to Stefan‘s enthusiasm that he was able to
gradually overcome individual obstacles. For the particular
environment, tunnelling technique using classical procedures,
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pritoky vody a nestabilné prostredie. Prdve aj vdaka Stefanovmu
zanieteniu sa darilo postupne prekondvat jednotlivé prekdzky.
Pre dané prostredie sa odskiiSala technolgia razenia s klasicky-
mi postupmi, plnoprofilové strojné razenie TBM, prekondvanie
poruchovych pdsiem pod ochranou mikropilotovych ddZdnikov,
systéemu odvddzania velkého pritoku vody a tvorby primdrneho
ostenia.

Stoliia sa iispesne ukondila, je len na Skodu veci, Ze sa plynule
nepokracovalo viac ako desatrocie na dvoch velkych rirach tune-
la z netechnickych dévodov. Zdverom chcem zdoraznit, Ze Stefan
Jje velmi mily a priatelsky ¢lovek. Ochotne pracoval vo vybore Slo-
venskej tuneldrskej asocidcie a svoje poznatky publikoval na od-
bornych podujatiach. Napriek veku je redlne zapojeny do pracov-
nych aktivit a robi ich s volou mladika.

Prajem mu do dalSich rokov vela zdravia, sil a optimizmu.

Ing. JURAJ KELESI,
predseda Slovenskej tuneldrskej asocidcie
v rokoch 1993-1997

Prvé stretnutie — Tunel Sitina.

Na tomto projekte sa nds stretlo mnoho. Mladi, ambiciozni
a motivovani inZinieri, projektanti. Boli tam Japonci, Slovdci aj
prislusnici inych ndrodnosti. Na strane investora si bol Ty. Mily,
skromny, pracovity, vidy usmiaty Stefan. Tesili sme sa na stretnu-
tia s Tebou, ¢i pracovné alebo aj tie neformdlne.

VZdy si vedel poradit a poméct. Vdaka Tebe sa na stavbe vy-
tvoril skvely tim. Investor, zhotovitel, projektant a stavebny dozor.
Dokdzal si sklbit skiisenost, profesionalitu a odbornost verzus
mladicku dravost a chut dokdzat to.

Dakujeme, Stefan.

Na spoluprdcu s Tebou na tomto projekte budeme vZdy a rados-
fou a tictou spominat!

Za realizaCny tim tunela Sitina

Ing. VLADIMIR KOTRIK

Zaciatok novej éry vystavby tunelov na Slovensku v devdtdesia-
tych rokoch minulého storocia sa neodmyslitelne spdja s osobou
Ing. Stefana Chomu, vtedy vediiceho odboru tunelov Slovenskej
spradvy ciest a neskor Ndrodnej dialnicnej spolocnosti. Ako inves-
tor sa podielal na vystavbe dialnicnych tunelov Branisko, Hore-
lica, Sitina a Borik a tieZ razeni prieskumnych $tolni pre tunely
Branisko, Ovciarsko a Vistiové. Neskor sa v pozicii vyrobného
riaditela spolocnosti Basler & Hofmann Slovakia icastnil na pro-
Jjektovani a vystavbe mnohych dalSich tunelov, medzi ktoré patrili
dialnicné tunely Polana, Svicinovec, Ovciarsko a Zilina, &i tunel
Laliki v Polsku.

Vraciam sa v svojich spomienkach k vzruSujiicemu obdobiu vy-
stavby prvych dialnicnych tunelov, kde bol Stefan jednym z klii-
covych ludi, ktori ju riadili. VaZil som si ho za jeho profesiondlny
a pokojny pristup k rieSeniu problémov, ktoré tieto velké a ndrocné
stavby prindsali a bolo mi vZdy poteSenim s nim spolupracovat.

Zeldm Stefanovi este vela pokojnych rokov v zdravi a v pohode,

Vv

strdavenych v kruhu svojich najblizsich.

Ing. MILOSLAV FRANKOVSKY,
predseda Slovenskej tuneldrskej asocidcie

Tuel

full-profile TBM mechanical excavation, overcoming fault zones
under the protection of micropile canopies, a system of diverting
large water inflows and creation of primary linings were tested.
The Visiiové tunnel exploratory gallery was successfully
completed, it is only a pity that the operations did not continued
smoothly for more than a decade on the two large tubes of the
tunnel due to non-technical reasons. In conclusion, I want to
emphasize that Stefan is a very nice and friendly person. He
willingly worked in the committee of the Slovak Tunnelling
Association and published his findings at professional events.
Despite his age, he is really involved in work activities and carries
the work with the will of a young man.
I wish him good health, strength and optimism for the coming
years.
Ing. JURAJ KELESI,
Chairman of the Slovak Tunnelling Association
in 1993-1997

First meeting — the Sitina Tunnel. Many of us, people involved
in the construction, have met on this project. Young, ambitious and
motivated engineers, designers. There were Japanese, Slovaks and
members of other nationalities. On the project owner’s side, there
was You yourselves. Kind, modest, hardworking, always smiling
Stefan. We were looking forward to meeting you, both at business
meetings as well as informallly.

You always knew how to advise and help. Thanks to you, a great
team has been formed on the construction site. Project owner,
contractor, designer and construction supervisor. He was able to
combine experience, professionalism and expertise versus youthful
ferocity and a desire to prove it.

We thank you Stefan.

We will always remember working with you on this project with
joy and respect! N

For the Sitina Tunnel Project Team

Ing. VLADIMIR KOTRIK

The beginning of a new era of tunnel construction in Slovakia
in the nineties of the last century is inherently associated with
the person of Ing. Stefan Choma, then Head of the Tunnelling
Department of the Slovak Road Administration and later the
National Motorway Company. As a representative of the Project
Owner, he participated in the construction of motorway tunnels
Branisko, Horelica, Sitina and Borik and also in the driving of
exploratory galleries for the Branisko, Ovciarsko and Vistiové
tunnels. Later, as production director of Basler & Hofmann
Slovakia, he participated in the design and construction of many
other tunnels, including the Polana, Svrcinovec, Ovciarsko and
Zilina motorway tunnels, as well as the Laliki tunnel in Poland.

In my memories, I return to the exciting period of the construction
of the first motorway tunnels, where Stefan was one of the key
people who managed it. 1 respected him for his professional
and calm approach to solving problems that these large and
challenging projects brought and it was always a pleasure to work
with him.

I wish Stefan many more peaceful years in health and well-
being, spent in the circle of his closest ones.

Ing. MILOSLAV FRANKOVSKY,
Chairman of Slovak Tunnelling Association
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STODVACETILETE VYROCi OTEVREN VYSEHRADSKEHO TUNELU
ONE HUNDRED AND TWENTY YEARS ANNIVERSARY OF THE VYSEHRAD TUNNEL

OPENING

zdroj [1] source [1]
Obr. 1 Nékdejsi vySehradsky privoz v roce 1887
Fig. 1 Former Vysehrad ferry in 1887

Pred sto dvaceti lety byl 11. prosince 1904 otevien VySehradsky
tunel jako prvni prazsky silni¢ni tunel. Jako dalsi byl po témér pa-
desiti letech uveden do provozu v roce 1953 tunel Letensky, jehoZ
sedmdesitiletého vyroci bylo vzpomenuto v TUNELU ¢. 4/2023.

Vysehradsky tunel je velmi kratky, s délkou 35 m je po Koko-
finském tunelu druhym nejkrat$im tunelem v Ceské republice.
Jeho vyznam pro dopravu v Praze vSak byl od samého zacitku
mimoradny, protoZze umoznil piekonat proslavenou Vysehradskou
skalu, na niz se historicky nachézel knizeci hrad, pozdé€ji pevnost
s postupnym vyvojem od gotiky aZ po baroko, a bazilika minor
sv. Petra a Pavla s novodob&j$im Slavinem na prilehlém hibitové.
Skala spadajici prikie do Vltavy vSak tvorila zasadni prekazku pri
roz§ifovani mésta na konci 19. stoleti, v daném misté konkrétné pfi
propojeni Nového mésta (Podskali) s Podolim. Toto propojeni bylo
zprvu feSeno pomoci privozu, ktery jako jediny v Praze neptreko-
ndval Vltavu napfic¢, nybrz od pravého biehu obeplouval VySehrad-
skou skélu od strany novoméstské (obr. 1) a koncil u téhoz biehu
pobliz podolského pristaviste.

Obr. 3 Dokoncovdni severniho portdlu se znakem mésta Prahy
Fig. 3 Completing the northern portal with the coat of arms of the city of
Prague

. zdroj [1] source [1]
Obr. 2 Razba kanalizacni stoky a vlastniho tunelu (1902-1903)
Fig. 2 Driving a tunnel for the sewer and the tunnel itself (1902-1903)

One hundred and twenty years ago, on 11 December 1904,
the VySehrad Tunnel was opened as Prague’s first road tunnel.
The Letnd Tunnel, the seventieth anniversary of which was
commemorated in TUNEL No. 4/2023, was the next one put into
operation, after almost fifty years in 1953.

The VySehrad Tunnel is very short, with a length of 35m it
is the second shortest tunnel in the Czech Republic after the
Kokofin Tunnel. However, its importance for transport in Prague
was extraordinary from the very beginning, because it allowed
overcoming of the famous VySehrad Rock, which historically
housed a princely castle, later a fortress with a gradual development
from the Gothic to the Baroque, and the basilica minor of St.
Peter and Paul with a more modern Slavin Tomb in the adjacent
cemetery. However, the cliff falling steeply into the VItava River
was a major obstacle to the expansion of the town at the end of
the 19™ century, in this particular location, specifically where the
Prague New Town (Podskali) was to be connected to Podoli. At
first, this connection was solved by means of a ferry, which was
the only one in Prague that did not cross the Vltava, but instead
circumnavigated VySehrad Rock from the right bank on the New
Town side (Fig. 1) and ended at the same bank near the Podoli
dock.

Only the tunnel, the construction of which actually started in
1903 according to the design of Professor Karel Vosyka, the rector
of the Imperial and Royal Czech Technical College in Prague,
could ensure a fundamental change in traffic [1]. It is interesting
to note that before the construction of the tunnel itself (Fig. 2b),
a 52m long sewer with the 2.0/1.2m profile was driven under the
tunnel bottom (Fig. 2a). The tunnel was driven through strong,
albeit fractured, rock mass of the Prague Ordovician period,
consisting of solid Letna shales with quartzite and sandstone
interbeds, without any major difficulties (Fig. 3). Both tunnel
portals were provided with medieval battlements and Romanesque-
style towers, which was intended to underline the importance of
VySehrad as a famous historical monument. On the battlements of
the northern portal there is a stone relief of the Prague coat of arms.
However, the pre-set design of the portals was also of practical
importance, as it formed a protection against the possible fall of
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Obr. 4 VySehradsky tunel po dokonceni
Fig. 4 VySehrad tunnel after completion

Zasadni dopravni zménu mohl zajistit pouze tunel, jehoZ stavba
byla skutecné v roce 1903 zahdjena podle projektu profesora Karla
Vosyky, rektora Cisarské a kralovské ¢eské vysoké skoly technické
v Praze [1]. Zajimavosti je, Ze jeSté pred vystavbou vlastniho tune-
lu (obr. 2b) byla pod jeho dnem vyrazena kanalizacni stoka profi-
Iu 2,0/1,2 m v délce 52 m (obr. 2a). Razba tunelu v pevném, byt
rozpukaném horninovém masivu prazského ordoviku, tvofeném
pevnymi letenskymi bfidlicemi s kfemencovymi a piskovcovymi
propléstky, probéhla bez zasadnich obtizi (obr. 3). Oba tunelové
portdly byly opatieny sttedovékym cimbuiim a hradebnimi véZi¢-
kami v romanském slohu, coZ mélo podtrhnout vyznam Vysehradu
jako slovutné historické paméatky. Na cimbufi severniho portilu
je umistén kamenny reliéf prazského znaku. Predsazend tprava
portalt vSak méla i prakticky vyznam, nebot tvorila ochranu proti
pfipadnému opadédvéni uvolnénych ¢asti skalniho masivu (obr. 4).

Definitivni osténi tunelu je tvoreno obezdivkou z lomového zdi-
va, s vnitinim obkladem ze zZulovych kvadra vyrobenych v kame-
nickych dilnach podle piesnych kamenotezovych vykresi a Sablon.
Pozoruhodna je skladba tvarové i velikosti se liSicich jednotlivych

zdroj [2], foto: Wikipedista: $Jit source [2], photo: Wikipedista: SJii
Obr. 5 Rekonstrukce tramvajové traté a inZenyrskych siti v roce 2008
Fig. 5 Reconstruction of the streetcar line and utilities in 2008

loosened parts of the rock massif
(Fig. 4).

The final lining of the tunnel
is made of rubble masonry, with
an inner lining of granite blocks
made in stonemason’s workshops
according to precise stone-cutting
drawings and templates. What is
remarkable is the composition of
the different shapes and sizes of the
individual cladding keystones in the
northern portal, which resulted from
the different lengths of the portal
circumference on the northern and
southern sides of the tunnel.

The Vysehrad Tunnel has un-
dergone rehabilitation
interventions over time, the most
significant of which took place in
the second half of the 20" century
(1975 — replacement of tracks, 1982
— replacement of rails and carria-
geway) and at the beginning of
the 21% century (2008 — reconstruction of the streetcar line, see
Figure 5). The rehabilitation works were mostly carried out with
the tunnel closed, so that alternative boat transport and other detour
routes had to be used.

The tunnel route is formed by parts of two counter curves with
aradius of 100m, and although its width is only 9m (compared to the
originally proposed 12m), the tunnel carries tram and road traffic
in very confined conditions (roadway width 7.2m), a poorly safe
A2 cycle path located in both directions directly in the carriageway
(with a frequency of up to 400 cyclists per hour at peak times) and
a narrow 1.3m wide pedestrian walkway, which can be used by
dismounted cyclists (Fig. 6).

The solution could have been the spatially and transport-
wise understandable pre-war plan of building a short parallel
tunnel, as well as the post-war proposal of a considerably longer
second Vysehrad tunnel [3] (Fig. 7), but it was not accepted for
historic and urban planning reasons. The rejection of this solution
seems justified in view of the further development of Prague’s
communication system.

several

foto: J. Bartdik photo: J. Bartdk
Obr. 6 Jizdni drdhou v tunelu je obousmérné vedena tramvajovd trat, automo-
bilovd doprava i cyklistickd stezka

Fig. 6 Bi-directional streetcar line, vehicular traffic and cycle way are led on
the tunnel carriageway
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zdroj [3] source [3]

Obr. 7 Povdlecny ndvrh druhého vySehradského tunelu, A = poliklinika, B-C = obytné domy, D-E = stary tunel, F-G = novy tunel (¢asopis Novd Praha, 1956)
Fig. 7 Post-war design of the second VySehrad tunnel, A = polyclinic B-C = residential buildings, D-E = old tunnel, F-G = new tunnel (Novd Praha journal, 1956)

klenakiti obkladu u severniho portalu, kterd vyplynula z odlisné dél-
ky obvodu portélu na severni a jizni strané tunelu.

Vysehradsky tunel prodé€lal v pritbéhu casu nékolik sanacnich za-
sahd, z nichZ nejvyznamnéjsi probehly v druhé poloviné 20. stoleti
(1975 — vyména koleji, 1982 — vyména koleji a vozovky) a na za-
catku 21. stoleti (2008 — rekonstrukce tramvajové traté, viz obr. 5).
Sanace byly provadény vétSinou s uzavienim tunelu, takZze musela
byt vyuzivana nahradni lodni doprava a dalsi objizdné trasy.

Trasa tunelu je tvorena castmi dvou protismérnych obloukl
o poloméru 100 m, a prestoZe jeho §itka je pouhych 9 m (oproti pt-
vodné navrhovanym 12 m), je tunelem vedena ve velmi stisnénych
pomérech tramvajova i silni¢ni doprava (vozovka Siroka 7,2 m),
malo bezpecna cyklisticka stezka A2 umisténd v obou smérech pri-
mo ve vozovce (ve Spicce s frekvenci az 400 cyklisti za hodinu)
i sesednuvsi cyklisté (obr. 6).

Resenim mohl byt prostorové i dopravné pochopitelny predva-
le¢ny zamér vystavby kritkého paralelniho tunelu, stejné tak jako
povélecny navrh znacné delsiho druhého Vysehradského tunelu [3]
(obr. 7), nebyl vsak z pamatkovych a urbanistickych diivoda pfijat.
Odmitnuti tohoto feSeni se vzhledem k dalsimu vyvoji prazského
komunikacniho systému jevi jako opravnéné.

Mala sitka tunelu méla byt té7 ¢asteCné resena vystavbou ocelo-
vé lavky kolem skaly pro chodce a cyklisty, v prubéhu roku 2008
byl projekt dokoncen. V roce 2018 vsak bylo toto feseni zamitnuto
zejména z pamatkovych, ale i ekonomickych divodi. Néklady na
projekt byly odepsany jako zmarena investice.

Za pripomenuti stoji velmi vyznamnd sanace, s tunelem souvi-
sejici jen neptfimo, kterou bylo na pielomu 80. a 90. let minulého
stoleti zajiSténi podstatné Casti vlastni vySehradské skaly pomoci
predpjatych tyCovych kotev a svornikii [4] (obr. 8). Po dalSich dva-
ceti letech bylo v roce 2007 provedeno zajisténi zbyvajici, tj. jizni
casti vySehradskeé skaly, pomoci kotvenych nerezovych siti [5].

prof. Ing. JIRI BARTAK, DrSc.
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zdroj [4] source [4]
Obr. 8 Sanace vySehradské skdly v 80. letech minulého stoleti
Fig. 8 Rehabilitation of VySehrad Rock in the 1980°s

The small width of the tunnel was also to be partly solved by the
construction of a steel footbridge around the rock for pedestrians
and cyclists; the design was completed during 2008. However, in
2018 this solution was rejected, mainly for conservation reasons,
but also for economic reasons. The cost of the project was written
off as a wasted investment.

Worth mentioning is a very important rehabilitation project, only
indirectly related to the tunnel, which at the turn of the 1980s and
1990s was focused on the stabilisation of a substantial part of the
Vysehrad rock itself with prestressed rod anchors and rockbolts [4]
(Fig. 8). After other twenty years, in 2007, the remaining part of
the VySehrad rock, the southern part, was stabilised using anchored
stainless steel mesh [5].

prof. Ing. JIRI BARTAK, DrSc.

2] https://commons.wikimedia.org/wiki/File: VySehradsky-tunel-rekonstrukce-trati/
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5] https://www.casopisstavebnictvi.cz/clanky-stabilizace-a-ochrana-skalniho-ostrohu-pod-prazskym-vysehradem.html/
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2 CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

ZPRAVA 0 CINNOSTI PRACOVNI SKUPINY PRO NAVRHOVANI A STATIKU PODZEMNICH

STAVEB

Pracovni skupina CzTA pro navrhovéani a statiku podzemnich
staveb obnovila ¢innost koncem minulého roku. Jejim soucasnym
cilem je vytvorit dokument, ktery bude doporu¢enim pro obsah
statickych vypocti. Dokument se soustfedi na troven podrobnosti
obsahu statického vypoctu pro stupné projektové dokumentace pro
geotechnické kategorie podle Eurokddu 7. Predpoklddany termin

dokonceni dokumentu je prosinec roku 2024. Clenové pracovni
skupiny jsou zastupci projekcnich firem, které se zabyvaji navrho-
vanim podzemnich tuneld. DalSi zdjemci o spoluprici v pracovni
skupiné€ se mohou pfihlasit na karel.rossler @metrostav.cz.

Ing. KAREL ROSSLER, Ph.D., Metrostay a.s.

ZPRAVODAJSTVIi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
NEWSLETTER OF THE SLOVAK TUNNELING ASSOCIATION

Vybor Slovenskej tuneldrskej asocidcie zacal v priebehu roku
2023 s pripravou konferencie Tunely a podzemné stavby, ktora sa
naposledy uskutocnila v roku 2018 a ktorej konaniu v roku 2021
zabranila pandémia. Prvym dodlezitym krokom bol vyber partner-
skej organiza¢nej agentury, ktory prebiehal v jesennych mesiacoch
predoslého roku a bol ukonceny v decembri 2023 podpisom zmlu-
vy 0 organizacii podujatia.

Dnes Vam mdZeme s radostou oznamit, Ze Slovenska tunelarska
asocidcia organizuje uz po tretikrat konferenciu s medzinidrodnou
ucastou Tunely a podzemné stavby 2024. Konferencia sa bude
konat 21. — 23. oktobra 2024 v hoteli Patria na Strbskom plese.
Cielom organizatorov konferencie je nadviazat na predoslé podu-
jatia, ktoré boli uspe$né tak z hladiska odborného, ako aj spolo-
¢enského. Chceli by sme poskytnut priestor na zdielanie odbor-
nych poznatkov a skusenosti zo stavieb na Slovensku a v blizkom
1 vzdialenom zahrani¢i a na neformalne stretnutia [udi, ktori sa na
vystavbe tunelov a podzemnych stavieb podielaju.

Odborny program konferencie je rozdeleny do nasledovnych
sekcii:

» Navrhovanie a realizacie podzemnych stavieb;

 Sandcia a rekonstrukcia podzemnych stavieb;

* Geotechnicky prieskum a monitoring;

» Technické vybavenie a prevadzka podzemnych stavieb;

e Zmluvné vztahy a manazment rizik;

* Trvala udrzatelnost v podzemnom stavebnictve.

Prednasky budd doplnené exkurziami na prebiehajiice stavby
dialni¢nych a Zelezni¢nych tunelov. Predpoklada sa Sirokd ucast
odbornikov zo Slovenska, Ceskej republiky a dalSich eurépskych
krajin.

Ing. MILOSLAV FRANKOVSKY,
predseda STA

In the course of 2023, the committee of the Slovak Tunnelling
Association started to prepare the conference Tunnels and
Underground Constructions, which last took place in 2018 and
which was prevented from taking place in 2021 by the pandemic.
The first important step was the selection of a partner organizing
agency, which took place in the autumn months of the previous
year and was completed in December 2023 with the signing of
a contract for the organization of the event.

Today we are pleased to announce that the Slovak Tunnelling
Association is organizing already for the third time a conference
with international participation Tunnels and Underground
Construction 2024. The conference will take place on October
21-23, 2024 in Hotel Patria at Strbské Pleso. The aim of the
conference organizers is to build on previous events that were
successful both professionally and socially.

The professional conference programme is divided into the
following sections:

 Design and implementation of underground structures;

» Remediation and reconstruction of underground structures;

 Geotechnical survey and monitoring;

 Technical equipment and operation of underground structures;
Contractual relationships and risk management;

« Sustainability in underground construction.

The lectures will be complemented by excursions to the ongoing
construction of motorway and railway tunnels. Wide participation
of experts from Slovakia, Czech Republic and other European
countries is expected.

Ing. MILOSLAV FRANKOVSKY,
Chairman of Slovak Tunnelling Association

OZNAMENI 0 KONANI VALNEHO SHROMAZDENI CESKE TUNELARSKE ASOCIACE

ITA-AITES Z. S.

Viem ¢lenim Ceské tuneldiské asociace ITA-AITES z. s. si
dovolujeme oznamit, Ze jeji valné shroméazdéni se bude konat ve
stiedu 5. Cervna 2024. Bude to volebni valné shromézdéni, protoze
jeho soucésti budou volby predsedy a ¢lent predsednictva asociace
na funkcni obdobi 2025 az 2028.

Vyzva k podani névrhi na predsedu a Cleny predsednictva i po-

zvanka na valné shromazdéni véetné jeho programu bude vSem cle-
num asociace zaslana v souladu se stanovami.

Ing. MARKETA PRUSKOVA, Ph.D,
pruskova@ita-aites.cz,
generdlni sekretdi CzTA ITA-AITES
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1.UVODNIK m Uzel 5 Plzeii, tunelovy objekt kiizeni Zelezni¢ni

EDITORIAL a silni¢ni trasy

prof. Ing. Matou$ Hilar, M.Sc., Ph.D., CEng., MICE, AZIN s e O G i R

Elen redakéni rady 12023 1 Gl RO IR

Ing. Ludék Rajs, Ing. Tomas Kohout,
Ing. Filip Kfestan, vyrobné-technicky feditel Ing. Petr Svoboda 1/2023 23
spole¢nosti Metrostav a.s. 172023 2

W Zajisténi useku Passage under Milaren ve Stockholmu

Ing. Ondfej Fuchs, predseda predstavenstva Stabilisation of the Passage Under Miilaren Section

a generdlni feditel Subterra a.s. 172023 3 S .

Ing. Jan Frantl, mistopfedseda redak¢ni rady 2/2023 1 Ing. Jan Faltynek, Ph.D., MBA, EUR ING,

Ing. David Krasa, mistopiedseda predstavenstva, Subterra a.s. 172023 31
METROPROJEKT Praha a.s. 212023 2 m Tunel Zabovieska — zdvére¢né zhodnoceni

Ing. Roman Kocurek, generdlni feditel pohledem zhotovitele

a 1. mistopfedseda predstavenstva OHLA ZS, a.s. 2/2023 3 Zabovreskd Tunnel — Final Evaluation Viewed

by Contractor

Ing. Pavel Ruzicka, Ph.D., ¢len redakéni rady 3/2023 1 Ing. Dalibor Stroméek, Ing. Andrej Korba

Ing. Petr Kucera, jednatel Minova Bohemia s.r.o. 3/2023 2 Subterra a.s. 172023 43
Ing. Martin Bakos, PhD., m Rekonstrukce &tyf Zelezni¢nich tunela

konatel a gegeralgy riaditel i na trati Brno-Maloméfice — Adamov

Amberg Engineering Slovakia, s.r.o. 3/2023 3 Reconstruction of Four Railway Tunnels

Ing. Boris Sebesta, predseda redakéni rady 4/2023 1 on the Line é?r no-MalomeéFice — Adamov

Tng. Viastimil Hordk, predseda predstavenstva Ing. Linda Cerna Vydrovd, Ph.D., Subterra a.s. 172023 50
AMBERG Engineering Brno, a.s. 4/2023 2 m Hloubena stanice rychlodrahy Letisté Vaclava Havla

Mer. Lucie Bohatkov4, &lenka predstavenstva Cut-and-Cover Station of Rapid Transit Railway

a obchodni feditelka SG Geotechnika a.s. 42023 3 Line to Viclav Havel Airport
Ing. Miroslav Novik,

2.PODZEMNI URBANISMUS, VYHLEDOVE STAVBY, NORMY VAL L it

UNDERGROUND CITY PLANNING, PROSPECTIVE doc. Ing. arch. Dalibor Hlavacek, Ph.D. 2/2023 28
PROJECTS, STANDARDS B Pfestavba tunelu Blanensky &. 8/2
L2 SO R . . Reconstruction of Blansko Tunnel No. 8/2
m Silni¢ni tunel na nejjiznéjsim Faerském ostrové Suduroy o
Road Tunnel on the Southernmost Faroes Island Ing. Luk4S Kunc, Ph.D. 2/2023 38
of Suduroy m Tunel Cebrat — technické rieSenie a skiisenosti
Ing. Jifi Hor¢icka, Ing. Jan Skala, 7 razenia tunela
Metrostav Norge AS 172023 15 Cebrat Tunnel — Technical Solution
m Pfiprava a realizace metra D v Praze and Experience from Tunnel Excavation
Design and Construction of Metro D in Prague Ing. Peter Culik, Ing. Zden¢k Mlynek 2/2023 51

Dr.-Ing. Zdenék Zizka, Ing. Maros Dévid,

Ing. Miroslav Kochdnek, Ing. Pavlina Sehnalova, ® Odvodtiovacia Stoliia v tuneli Visiiove

Petr Visiiak 22023 4 Drainflge Gallery of the Vistiové Tunnel
Ing. Jan Boltvan, Ing. Peter Palocko, Ph.D.,
m Hloubeni stanice rychlodréhy LetiSt€ Viclava Havla Ing. Vladimir Stefko 3/2023 37
Cut-and-Cover Station of Rapid Transit Railway Line
to Viclav Havel Airport m Rekonstrukce Dé¢inského a Loubského tunelu
Ing. Miroslav Novak, Reconstruction of the Décinsky
Ing. Vitézslav Hansl, Ing. Jifi Platil, and Loubsky Tunnels
doc. Ing. arch. Dalibor Hlavacek, Ph.D. 2/2023 28 Ing. Jaroslav Lacina, Ing. Lenka Koci,
m Rizika tendrovej dokumentacie tunela spojené Ing. Lumir KIi§ 42023 4
s interpretaciou inZinierskogeologického prieskumu m Prizkumné préce v trase projektovaného
Risks of Tender Documentation of the Tunnel Associated tunelu Détiichov

with Interpretation of Engineering Geological Survey

- A ¢ Exploratory Operations along the Détrichov
Ing. Peter Palocko, PhD., Dipl-Ing. Juraj Ortuta,

Tunnel Route under Design

Ing. Jin Boltvan 32023 48 Mgr. Petr Mazaé, Mgr. Pavel Klima,
_ Mgr. Petra Jakubova, PhD. 4/2024 22

3.DOPRAVNI STAVBY

TRANSPORT-RELATED PROJECTS 4.METRO
m Silni¢ni tunel na nejjiznéj$im Faerském ostrové Suduroy SUBWAY

Road Tunnel on the Southernmost Faroes

Island of Suduroy m Stity na ra?bach prazského metra

Ing. Jifi Hor¢icka, Ing. Jan Skdla, Shields Used for Driving Prague Metro Tunnels

Metrostav Norge AS 172023 15 Ing. Petr Hybsky, Metrostav-TBR a.s. 172023 4
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m Priprava a realizace metra D v Praze ® Prizkumné prace v trase projektovaného tunelu Détrichov
Design and Construction of Metro D in Prague Exploratory Operations along the Détrichov Tunnel
Dr.-Ing. Zdenék Zizka, Ing. Maro$ Dévid, Route under Design
Ing. Miroslav Kochanek, Ing. Pavlina Sehnalova, Mgr. Petr Mazac¢, Mgr. Pavel Klima,
Petr Visnak 2/2023 4 Mgr. Petra Jakubova, PhD. 4/2024 22
B Projekt bezbariérového zpfistupnéni stanice metra B InZenyrskogeologické podminky vystavby
Jifiho z Podébrad nové trasy metra [.D v iseku mezi stanicemi
Project of Barrier-Free Access to Jirtho Pankréc a Olbrachtova
z Podébrad Metro Station Engineering and Geological Conditions
Ing. Jan Korej¢ik, Dr.-Ing. Zden&k Zizka, Sor the Construction of the New Metro Line 1.D
Michal Kolevski 2/2023 18 in the Section between Pankrdc
L L B . and Olbrachtova Stations
- Inzepyr skogeologické Rodmmky szta\(by . Mgr. Jifi Tlamsa, Jan Zemanek 4/2024 33
nové trasy metra I.D v dseku mezi stanicemi
Pankrac a Olbrachtova . _
Engineering and Geological Conditions 9.RUZNE
for the Construction of the New Metro Line I.D MISCELLANEOUS
i ifhe Saetiion betweei? Mt m Stity na razbach prazského metra
and Olbrachtova Stations hields Used for Drivine P Metro T .
Megr. Jifi Tlamsa, Jan Zemének 4/2024 33 SIS U2 1007 Doy | e h D LTS
’ Ing. Petr Hybsky, Metrostav-TBR a.s. 1/2023 4
5.KANALIZACE, KOLEKTORY, MALE PROFILY e
SEWERAGE, UTILITY TUNNELS, SMALL PROFILE TUNNELS glordavelinediine i e oie eani by
tunelu Queensbury ve Velké Britanii
m Stavba Cervenka, protla¢eny podjezd pod Zelezniénim Implementation of Supporting Structure
koridorem Ceska Trebova — Olomouc in Difficult Conditions of the Historical Queensbury
Cervenka Project, Jacked Passage under Ceskd Trebovd Rail Tunnel in Great Britain
— Olomouc Rail Corridor Ing. Adam Janicek, Martin Thompson 3/2023 10
Lz, L il 008 il dpes 6l W ZajiStovani historického dolu Jeronym
m Odvodiiovacia §tdltia v tuneli Vistiové z pohledu geotechnika
Drainage Gallery of the Visriové Tunnel Remediation of the Historical Jeronym Mine
Ing. Jan Boltvan, Ing. Peter Palo¢ko, Ph.D., Jfrom Geotechnical Point of View
Ing. Vladimir Stefko 3/2023 37 Ing. Martin Sefrna 4/2023 39
m Tunel Anneberg—Skanstull a _
Anneberg Tunnel-Skanstull 9.RUZNE
Ing. Jifi Umlauf, Jan Vesely Ph.D. 42023 15 MISCELLANEOUS
L m Projekt bezbariérového zpfistupnéni stanice metra
6.SANACE, REKONSTRUKCE, UDRZBA, OPRAVY Jitiho z Podébrad
RECONSTRUCTION, REINSTATING, MAINTENACE, Project of Barrier-Free Access to Jiriho z Podébrad
REPARATION Metro Station 5
m Rekonstrukce ¢tyf Zelezni¢nich tuneld na trati Ing. Jan Korejcik, Dr.-Ing. Zdenek Zizka,
Brno-Malom&fice — Adamov Michal Kolevski 2/2023 18
Reconstruction of Four Railway Tunnels m Stavba Cervenka, protla¢eny podjezd pod Zelezni¢nim
on the Line Brno-Malomé¥ice — Adamov koridorem Ceska Trebova — Olomouc
Ing. Linda Cerna Vydrova, Ph.D., Subterra a.s. 112023 50 Cervenka Project, Jacked Passage under Ceskd Trebovd
B Projekt bezbariérového zpfistupnéni stanice metra - OIom_ouc Rail Corridor
Ji¥tho z Pod&brad Ing. Michal Sodomka 2/2023 61
Project of Barrier-Free Access to Jiriho m ZkuSenosti z razeb technologii samostatné svornikové
z Podebrad Metro Station o vyztuze na dole CSM v Ostravsko-karvinském reviru
Ing. Jan Korejm!{, Dr.-Ing. Zdenék Zizka, Experience from Using Technology .
Michal Kolevski 2/2023 18 of Stand-Alone Roofbolting Technology at Mine CSM
m Prestavba tunelu Blanensky ¢. 8/2 in the Ostrava-Karvind Disz?*ict
Reconstruction ofBlanskoyTunnel No. 872 Ing. Petr Cada, Ph.D., Ing. Jifi Korbel 3/2023 4
Ing. Lukas Kunc, Ph.D. 2/2023 38 B Realizace podpérné konstrukce osténi
m Rekonstrukce Décinského a Loubského tunelu v obtiznych podminkéch hi/storip!(é‘}} o Zeleznicniho
Reconstruction of the Décinsky and Loubsky Tunnels tunelu Queeqsbury e Velke.: Britdnii
Ing. Jaroslav Lacina, Ing. Lenka Koci, {mp l.ementat ton O,f ,S LRDOLILS] Szr DEIRE
Ing. Lumir KIi§ 42023 4 in Dlﬁ‘icult Condlllans of tl.le Historical Queensbury
Rail Tunnel in Great Britain
_ L Ing. Adam Janic¢ek, Martin Thompson 3/2023 10
7.TEORIE, VYZKUM, SLEDOVANI e o
THEORY, RESEARCH, MONITORING m Technické moznosti zajisténi predpoli razby
ve zhorSenych geologickych
B Stanoveni varovnych stavli pro osténi tunelt a geotechnickych podminkach
ze stfikaného betonu v prvnich 28 dnech vypoctem Technical Possibilities for Securing Tunnel
Determination of Warning Levels for Shotcrete Preface Area in Worsened Geological
Tunnel Lining in the First 28 Days by Calculation and Geotechnical Conditions
Ing. Jaromir Zlamal, POHL cz, a.s. 1/2023 59 Ing. Petr Kucera 3/2023 16
m Vplyv spdsobu vypoctu na navrh m Rizikd tendrovej dokumentécie tunela spojené
sekundéarneho ostenia s interpretaciou inzinierskogeologického prieskumu
Influence of the Method of Calculation Risks of Tender Documentation of the Tunnel Associated
on the Design of the Secondary Lining with Interpretation of Engineering Geological Survey
Dipl.-Ing. Juraj Ortuta, Ing. Jan Boltvan, Ing. Peter Palocko, PhD., Dipl-Ing. Juraj Ortuta,
Ing. Vladimir Stefko 3/2023 26 Ing. Jan Boltvan 3/2023 48
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B ZajiStovani historického dolu Jeronym 13.AKTUALITY Z PODZEMNICH STAVEB V CESKE
z pohledu geotechnika A SLOVENSKE REPUBLICE
Remediation of the Historical Jeronym Mine CURRENT NEWS FROM THE CZECH AND SLOVAK
Jfrom Geotechnical Point of View UNDERGROUND CONSTRUCTION
Ing. Martin Sefrna 4/2023 39 _
Ceska republika
11. TECHNOLOGIE The Czech Republic
EQUIPMENT ®m Metro D — novi linka prazského metra
m Stity na razbich prazského metra %ezrlosgi; éveiﬁsf;"?n”fﬁfﬁi AS/I:rZﬁ 12023 80
Shields Used for Driving Prague Metro Tunnels & -1
Ing. Petr Hybsky, Metrostav-TBR a.s. 1/2023 4 m Jednokolejny tunel Blanensky ¢. 8/2, S.E.C. 226
. . . Blansko Single-Track Tunnel No. 8/2, REG. No. 226
B Stavba Cervenka, protlaceny podjezd Ing. Tomas Just 120203 82
pod Zelezni¢nim koridorem Ceska Ttebova — Olomouc
C:’ervenka Project, Jacked Passage under Slovensk4 republika
Ceskd Trebovd — Olomouc Rail Corridor .
Ing. Michal Sodomka 22023 61 The Slovak Republic
. . . . 3 m Tunely na dialnicne;j sieti
B ZkuSenosti z raZeb technologii samostatné Tunnels on Motorway Network
svornikové vyztuze na dole CSM Tunel Bikos 12023 82
v Ostravsko-karvinském reviru Bikos Tunnel
Experience from Using Technology Tunel Cerbat 12023 83
of Stand-Alone Roofbolting Technology Tt o)
at Mine CSM in the Ostrava-Karvind District Tunel Visiiové 1/2023 84
Ing. Petr Cada, Ph.D., Ing. Jifi Korbel 3/2023 4 Vistiové Tunnel
m Realizace podpérné konstrukce osténi v obtiznych Ing. Miloslav Frankovsky, Ing. Ivan Michale,
podminkach historického Zelezni¢niho tunelu Ing. Robert Zwilling
Queensbury ve Velké Britanii ; .
Implementation of Supporting Structure in Difficult Ceska republika .
Conditions of the Historical Queensbury Rail Tunnel The Czech Republic
in Great Britain ) ® Metro D — nova linka prazského metra
Ing. Adam Janicek, Martin Thompson 3/2023 10 Metro D — New Line of Prague Metro
m Technické moZnosti zajidténi predpoli razby Ing. Boris Sebesta, Ing. Michal Serdk 2/2023 72
ve zhorSenych geologickych . .
a geotechn?ck}’f%h poﬁmigkéch Slovenska republlk.a
Technical Possibilities for Securing Tunnel The Slovak Republic
Preface Area in Worsened Geological m Tunely na dialnicnej sieti
and Geotechnical Conditions Tunnels on Motorway Network
Ing. Petr Kucera 3/2023 16 Tunel Bikog 2/2023 74
Bikos Tunnel
12.ZE SVETA PODZEMNICH STAVEB Tunel Cerbat 2/2023 74
THE WORLD OF UNDERGROUND CONSTRUCTIONS oo e
Tunel Visiiové 2/2023 75
m Vystavba tuneld na rychlostni silnici M85 Vistiové Tunnel
v Bécsi Domb, Madarsko Tunely na Zelezni¢nej sieti
Development of Tunnels on M85 Motorway V" Tunnels on Railway Network
Bécsi Domb, Hungary Rekonstrukcia Bratislavského tunela ¢. 2 2/2023 76
Ing. Jan Frantl, Ing. Gergely Bolcskei 1/2023 77 Reconstruction of Bratislavsky tunnel No. 2
. Ing. Miloslav Frankovsky, Ing. Ivan Michale,
m Otevira se dlouhy tunel pro cyklisty Ing. Rébert Zwilling, Ing. Jan Kusnir
Long Cycling Tunnel Opening
prof. Ing. Jifi Bartdk, DrSc. 2/2023 71 Ceska republika
m Stola vybudovani pro vyuZiti motské vody The Czech Republic
v jaderné elektrarné Fukusima 1 ® Metro D — novi linka prazského metra
Gallery Built for the Purpose of the Use Metro D — New Line of Prague Metro
of Sea Water in FukuSima I Nuclear Power Plant Ing. Boris Sebesta, Ing. Michal Serdk 3/2023 66
prof. Ing. Jifi Bartak, DrSc. 3/2023 57
m Vystavba tunelii Bécsi Domb na rychlostni silnici Slovenska republika
M85 — V., Madarsko The Slovak Republic
Construction of Bécsi Domb Tunnels m Tunely na dialni¢nej sieti
on Fast Highway M85 — V", Hungary Tunnels on Motorway Network
Ing. Jan Frantl, Ing. Csaba Barthalos 3/2023 58 Tunel Bikos 32023 68
m Sedmdesatileté vyrodi otevieni Letenského tunelu Bikos Tunnel
Seventy-Year Anniversary of the Opening Tunel Cerbat 3/2023 68
of the Letnd Tunnel Cerbar . Tunnel . .
prof. Ing. Jif{ Bartak, DrSc. 42023 53 Ing. M}loslav F.rapkovsky, Ing. Ivan Michale,
Ing. Robert Zwilling
m Cyklisticky tunel v norském Bergenu je otevien
The Cycle Tunnel in Bergen, Norway is Open Ceska republika
prof. Ing. Jifi Bartdk, DrSc. 4/2023 55 The Czech Republic
® Omezeni provozu v Gotthardskych tunelech m Metro D — nova linka prazského metra
Traffic Restrictions in the Gotthard Tunnels Metro D — New Line of Prague Metro
doc. Dr. Ing. Jan Pruska 4/2023 56 Ing. Boris Sebesta, Ing. Michal Serdk 4/2023 60
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m Tunel Pohtirka — dalnice D3 16.SPRAVODAJSTVO SLOVENSKEJ
tsek ,,Usilné — Hod&jovice* TUNELARSKEJ ASOCIACIE ITA-AITES
Pohiirka Tunnel — D3 Motorway Section ITA-ITES SLOVAK TUNNELLING
“Usilné — Hodéjovice” ASSOCIATION REPORT
Ing. Pavel Ruzicka 4/2023 61 m Spravodaj Slovenskej tunelarskej asociacie
, . Newsletter of the Slovak Tunnelling Association
Slovenska republika Ing. Miloslav Frankovsky 12023 93
The Slovak Republic o
m Tunely na dialni¢ne;j sieti 17.VYROCI
Tunnels on Motorway Network ANNIVERSARIES
Tunel Biko$ a Okruhliak 4/2023 62 m Ing. Jan Vintera slavi letos sedmdesatiny
Bikos and Okruhliak Tunnels Ing. Jan Vintera Celebrates Seventy Years
Tunel Cerbat 4/2023 63 of Age This Year
Cerbat Tunnel Ing. Jan Frantl 1/2023 90
Ing. Miloslav Frankovsky, Ing. Ivan Michale m Doc. Ing. Vladislav Hordk sedmdesatnikem
14.ZPRAVY 2 TUNELARSKYCH KONFERENCI Doc. Ing. Vladislav Hordk Septuagenarian
- Ing. Vlastimil Horak 2/2023 82
NEWS FROM TUNNELLING CONFERENCE a8 T PO ,
o ® AMBERG Engineering Brno, a.s., slavi 30 let
m Tunelafské odpoledne 4/2022 13 (el < (i
Tunnel Aft}er ”00”V4/ ZQZZ AMBERG Engineering Brno, a.s., Celebrates
Ing. MarketavPruskova, Ph.D. 1/2023 78 30 Years in Czech Market
m Konference Zelezni¢ni mosty a tunely 2023 Ing. Vlastimil Horak 4/2023 69
Conference Railway Bridges and Tunnels 2023 18. ROZLOUZENI
Ing. Vlastimil Horak 172023 78 -
R LAST FAREWELL
B Zaveére¢ny semindi spolecného vzdelavaciho projektu
Zilinské university A VSB-TUO z oblasti silni¢nich tunel m John Foster, 1947-2022
Final Seminar on the Joint Educational Project John Foster, 1947-2022
of University of Zilina and VSB-TUO Ing. Petr Hybsky 172023 91
in the Field of Road Tunnels m Za Ing. Janem Vaclavikem
doc. RNDr. Eva HrubeSova, Ph.D. 2/2023 72 For Ing. Jan Vidclavik
m Zhodnoceni konference Podzemni stavby Ing. Ludvik Sajtar 42023 69
Praha 2023 ® Zemtel Boris Klement — zakladatel pobocky firmy
Evaluation of the Underground Construction ILF Consulting Engineers v CR
Prague 2023 Conference Boris Klement, Founder of the ILF Consulting
prof. Ing. Matous Hilar, Ph.D. 3/2023 59 Engineers Branch in the Czech Republic,
m Svétovy tunelafsky kongres WTC 2023 v Aténéch Has Passed Avg’ay .
World Tunnel Congress WIC 2023 in Athens Ing. Libor Maiik, Jaroslav Zika 4/2023 70
Ing. Radek Bernard, Ph.D. 3/2023 64 19.Z HISTORIE PODZEMNICH STAVEB
m Hornicky kongres 2023 — nerostné suroviny FROM THE HISTORY OF UNDERGROUND
ve 21. stoleti (vize a skute¢nost) CONSTRUCTIONS
Mining CS"ong ress 2023 — Mineral Resources m Pohlednice s tunely ve francouzském kraji Dauphiné
inthe 21 Centu’ry (Visions and Reality) Picture Postcards with Tunnels in French Region
Ing. Petr Hybsky 3/2023 65 of Dauphiné
B Tunelafské odpoledne 1/2023 doc. Ing. Vladislav Horak, CSc., Ing. Milan Majer,
Tunnel Afternoon 1/2023 Ing. Richard Svoboda, Ph.D. 172023 85
Ing. Markéta Pruskova, Ph.D. 4/2023 57 m Pohlednice s Zeleznicnimi tunely
m 27. svétovy silni¢ni kongres V Praze a s lokomotivami III, opét v CR
27" World Road Congress in Prague Picture Postcards with Railway Tunnels
doc. RNDr. Eva HrubeSova, Ph.D., Ing. Libor Marik ~ 4/2023 58 and Locomotives 111, again in the Czech Republic
4 : ; . doc. Ing. Vladislav Hordk, CSc., Ing. Milan Majer.
m 28. Narodni konference o bezvykopovych 18 2 o LIS yer,
technologiich NO-DIG Il’lg Richard Svoboda, Ph.D. 2/2023 78
28™ National Conference on Trenchless Technologies m Francie — pohlednice s tunelem Galibier a néco navic
NO-DIG France — Picture Postcards with the Galiber Tunnel
Ing. Jan Frantl 4/2023 59 and Something More
m Pozdrni bezpecnost tunel 2023 doc. qu. Vladislav Horak, CSc., Ing. Milan Majer,
Tunnel Fire Safety 2023 Ing. Richard Svoboda, Ph.D. 3/2023 69
Ing. Vlastimil Horak 4/2023 59 m Pohlednice s tunely — opét na skok za velkou louzi
. _ P Picture Postcards with Tunnels — Again Briefly
15. ZZIS%VOCDAJSTVI CESSKE TUNELARSKE over the Ocean
ASOCIACE ITA-AITE doc. Ing. Vladislav Hordk, CSc., Ing. Milan Maj
CZECH TUNNELLING ASSOCIATION Ing, Richard Svoboda. PhD. 40023 64
ITA-AITES REPORTS ’ B
m Konference Podzemni stavby Praha 2023 20. Z CINNOSTI PRACOVNICH SKUPIN CzTA
Conference Underground Construction Prague 2023 CZTA WORKING GROUPS
prof. Ing. Matous Hilar, Ph.D. 1/2023 92 m World Tunnel Day
m Valné shromazdéni CzTA ITA-AITES World Tunnel Day
General Assembly of CzTA ITA-AITES Dr.-Ing. Zden€k Zizka 172023 92
Ing. Markéta Pruskova, Ph.D. 3/2023 73
m Zpriva z odborného zdjezdu Ceské tunelaiské
asociace do Rakouska ve dnech 11. az 14. fijna 2023
News from the Professional Tour of the Czech
Tunnelling Association to Austria From 11
to 14 October 2023
Ing. Toma$ Ebermann, Ph.D. 4/2023 71
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AMBERG

ENGINEERING
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TUNELY
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= silnicni a Zeleznicni tunely

= kanalizacni a vodovodni stoky
= kolektory

= specialni podzemni objekty

= sanace, provoz a Udrzba
tunelti a podzemnich staveb

amberg.cz



DIAMO

Statni podnik DIAMO

zajiStuje pro stat zahlazovani nasledka
primyslové ¢innosti v€etné opétovného
vyuZiti surovin, chrani jeho zajmy
v oblasti strategickych surovin
i radioaktivnich materiali a pomaha
zlepsit Zivotni prostifedi v priamyslem
zasaZenych regionech.

Nabidka sluzeb DIAMO

Hornicka €innost a ¢innost provadéna
hornickym zplisobem

Geologické a hydrogeologické prace
Geodetické prace

Protimetanova ochrana

Kontroly a sanace opusténych dulnich dél
Provadéni prizkumnych vrtt

Chemické a radiochemické analyzy vod
Zajisténi barnské zachranné sluzby

Prace pod vodni hladinou

Prace ve vyskach a nad volnou hloubkou
Prace v nedychatelném ovzdusi
Prizkumy podzemnich prostor

www.diamo.cz/cs/nabidka-sluzeb





