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SPRAVA ULORIST
RADIDAKTIVNICH

[C] sOrAO | &

SPRAVA ULOZIST RADIOAKTIVNICH ODPADU

Sprava ulozist radioaktivnich odpadt byla zfizena k 1. 6. 1997 Ministerstvem pramyslu a obchodu jako statni orga-

nizace na zakladé atomového zakona (. 18/1997 Sb.). Mezi nejdulezitéjsi cinnosti patfi bezpecné ukladani viech
radioaktivnich odpadt, provoz ulozist nizko a strednéaktivnich odpadt a priprava hlubinného ulozisté v CR.

Veskeré aktivity tykajici se radio-
aktivnich odpadd se financuji z ja-
derného Gctu.

SURAQ také vede evidenci pie-
vzatych radioaktivnich odpadu
a jejich puvodcl, spravuje odvo-
dy plvodcl radioaktivnich odpa-
di na jaderny Gcet, zajistuje a ko-
ordinuje vyzkum a vyvoj v oblas-  Ulozisté instituciondlnich odpadi Richard ~ UloZisté Bratrstvi v Jachymové, urcené pro  Ulozisté radioaktivnich odpadt z provozu
ti naklddani s radioaktivnimi od- u Litoméric. odpady obsahujici pfirodni radioanuklidy.  jadernych elektrdren v Dukovanech.
pady.

Usilujeme o aktivni a vstficnou

spolupraci s plvodci radioaktiv- ': ____ . 7 0d zacstku roku 2000 zajié-
nich odpadd, obcemi v mistech R L tuje SURAO provoz viech
naseho plsobeni a vefejnosti. e ' 2 . ulozist radioaktivnich odpa-
Na bezpecny provoz ulozidt dohli- 7 e ™ du, tj. ﬁlqilét’ Eykovany. R|:
Zi Statni Ufad pro jadernou bez- m Y mep chard u Litoméfic a Bratrstvi

pec¢nost a Cesky bansky ufad. Ti- u Jachymova. gy

nacti¢lenna Rada SURAO kontro-
luje hospodarnost a ucelnost vy- Vizualizace hlubinného GloZisté. © Uladitd © Jademe zafizen! A Mesisklad whofelého pala
nakladan )‘fc h prStfed ki, § Navidend prizkumné tzemi

KDE VZNIKAJI RADIOAKTIVNI ODPADY

Radioaktivni odpady vznikaji ve zdravotnictvi, pfi provozu jadernych elektraren, ve vyzkumu a pramyslu. Jejich
zneskodnéni spociva v uplné izolaci od biosféry po celou dobu, kdy mohou byt pro ¢lovéka a Zivotni prostredi ne-
bezpecéné. Tuto izolaci zajistuji v ulozistich radioaktivnich odpadi soustavy bariér.

A X

Lekselliv Gama niZ je pfistroj, ktery po- Pozitronova emisni tomografie (PET CT) je  Manipulace s radiofarmaky. Nejcastéji Vystupem vydetfeni je kombinovana infor-

moci zafeni dokaze lécit zejména nddoro-  moderni lékarska metoda nukledrnf medi-  se pouziva 18F a biogenni prvky (11C, mace o funkci i anatomii tkani a organd,
va onemocnéni v oblasti hlavy pfesnym za-  ciny. Pet kamera umoZiiuje snimat zareni 13N, 150). coZ tuto metodu fadi mezi jednu z nejwyti-
cilenim gama paprskd. 2z ruznych radionuklidd. Zenéjsich metod soucasné mediciny.

Ily Ceské republice jsou
v provozu tfi ulozisté niz-
ko a stiednéaktivnich od-
padl:l. 1/

__ o el Sl

UV Rez je védecko-vyzkumnou a inZenyr-  Nizko a sttednéaktivni odpady vznikajici Letecky pohled na Temelin. V Ceské
skou spolecnosti se zaméfenim na vyuZiti  pii provozu z obou jadernych elektrdren republice se vice nez 30 % efektrické
Jjadernych technologii (vwroba radiofarmak,  se ukladaji pfimo v aredlu dukovanské energie vyrabi v jadernych elektrarndch
tprava radicaktivnich odpadd a provoz elektrarny. Dukovany a Temelin.

wzkumného reaktoru).
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Vazeni ¢tenari Casopisu TUNEL,

zaldtkem kvetna uplynulo 40 let od doby, kdy byl zprovoznén prvni provozni dsek na trase C prazského metra, prvnich 9 stanic, prvnich 6,6 km
metra.

Do dnesni doby je na této krdsné, ale také technicky ndro¢né, zajimavé a nevim jesté jak ji ddle pojmenovat, podzemni stavbé v provozu jiz
57 stanic a skoro 60 kilometru. Podstatné je to, Ze se vystavba nezastavila a metro se stavi dal. Na jare piiStiho roku se snad projedeme trasou metra
V.A novymi tyfmi stanicemi ze stanice Dejvickd az do stanice Nemocnice Motol. Zanedbéna neni ani priprava dal§i nové trasy metra, trasy
I.D Namesti Miru — Pisnice, kde by mélo v téchto dnech nabyt pravni moci Gzemni rozhodnuti na dalsich 10 stanic metra. Véfim tomu, Ze se snad
brzy dockdme i zahdjeni realizace. Doufejme, Ze stavbu nezastavi soucasny zdkon o zaddvani verejnych zakdzek a zkuSenosti s nim na dokonce-
nych nebo dokoncovanych velkych liniovych stavbéch.

Jesté jedna dobrd zpréva pro podzemni stavitelstvi. Doslo k narovnéni vztaht investora a zhotovitele na stavbé tunelového komplexu Blanka
a vystavba, kterd je ve stadiu dokontovacich praci, byla znovu obnovena. Skoda toho, Ze viibec byla pierusena, Ze se stile musi vyporaddvat
s nastrahami zdkonu a Ze dnes jiZ tyto tunely neslouZ{ vefejnosti.

Druhé &islo asopisu Tunel v roce 2014 je vénovano spoletnostem Sprava dloZist radioaktivnich odpadi (SURAO) a SKANSKA SK, a. s.
S &lanky o hlubinnych tdlozistich odpadii v Ceské republice, které zpracovala SURAO, se setkdvame mélokdy, a proto je pro ucelenost védomosti
o0 podzemnich stavbéch viele doporucuji. Skupina SKANSKA SK je vyznamnym hra¢em na trhu slovenského podzemniho stavitelstvi, ale podni-
kd i v zahrani¢i. Ze zahrani¢nich podzemnich staveb prichdzeji i jeji velice zajimavé prispevky.

V tomto Eisle si jesté precteme dalsi prispévky z podzemnich zahrani¢nich staveb, ale cht€l bych upozornit i na prispévek o pozéru nékladniho
vozidla v tunelu Lochkov. Je moZné si vzit ponauceni do budoucna a kaZdy miZe mit sviij ndzor na idedlnost fesenf této situace.

Jesté jedno si dovoluji na zéveér, a to blahoprat, a myslim, Ze za vechny, ktefi se v podzemnim stavitelstvi pohybuji. V &ervnu se dozivé v plné
sile sedmdesdti péti let pfedseda redakéni rady ¢asopisu Tunel, profesor geotechniky na CVUT v Praze, vyznamny védecky a odborny pracovnik,
duse podzemniho stavitelstvi v Cechdch prof. Ing. Jifi Bartak, DrSc. Blahopiejeme.

Pieji viem kolegtim a &tendiim Easopisu Tunel mnoho zdaru.

ING. JOSEF KUTIL,
clen redakcni rady

Dear readers of TUNEL journal,

In early May, 40 years had passed since the inauguration of the first operating section on the Line C of Prague Metro, first 9 stations and first 6.6km
of metro tracks.

Today, there are already 57 stations and nearly 60 kilometres of tracks in operation on this beautiful, but also technically demanding, interesting and
I do not know how else to title this project. The important thing is that the development has not been suspended and metro is further under constructi-
on. Hopefully we will travel along the 5th extension of the Line A (Line V.A) with four new stations from Dejvicka station up to Nemocnice Motol sta-
tion in the Spring of 2015. Nor the preparation of another new metro Line I.D from Namesti Miru square to Pisnice has been disregarded. The zoning
and planning decision for additional 10 metro stations on this Line should come into force in these days. I believe that we possibly will not wait long
for the commencement of construction work. Let us hope that the project will not be stopped by the current public procurement law and the experien-
ce with it on completed and under-completion large linear construction projects.

Another good news for the underground construction engineering: Relationships between the client and contractor have been settled on the Blanka
complex of tunnels and construction work, which is at the stage of finishing, has been resumed. It is a pity that it had been suspended, that we have to
cope with the rigors of laws and that these tunnels do not serve the public already now.

The second 2014 issue of TUNEL journal is dedicated to Sprava tlozi§t radioaktivnich odpadii (SURAO) and SKANSKA SK, a.s. . We meet papers
on deep-seated repositories of waste prepared by SURAO quite rarely, which is the reason why I highly recommend them for the consistency of know-
ledge about underground structures. SKANSKA SK group is an important player on the Slovak underground construction market, but it does business
even abroad. Its interesting papers arrived from foreign underground construction projects.

You will find other papers on underground construction projects in this issue, but I would like to call your attention to the paper on the fire of a truck
in the Lochkov tunnel. It is possible to draw a lesson for the future from this event and each of you may have your own opinion on the ideality of the
solution to this situation.

There is another thing T would like to do in the conclusion. I would like to congratulate Prof. Ing. Jir{ Bartdk, Dr.Sc. on his anniversary on behalf of
all of those who work in the underground construction industry. Professor Bartdk, the chairman of the Editorial Board of TUNEL journal, professor of
geotechnics at the Czech Technical University in Prague, prominent scientific worker and expert, the spirit of the underground construction industry in
the Czech Republic, will reach in full force the age of seventy-five in June. Our congratulations.

I wish all colleagues a readers of TUNEL journal a lot of success.

ING. JOSEF KUTIL,
Editorial Board member
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VAZENE DAMY A PANOVE,

je mi cti vdm predstavit Spravu dlozist radioaktivnich
odpadu zde, na strankdch Casopisu Tunel.

Poslanim Spravy ulozist je, na zdkladé § 26 zdkona
¢. 18/1997 Sb., o mirovém vyuzivani jaderné energie
a ionizujictho zéreni (atomovy zédkon), zajiStovat bez-
pe¢né uklddéni radioaktivnich odpadu, dosud vyprodu-
kovanych i budoucich, v souladu s pozadavky na jader-
nou bezpecénost a ochranu ¢loveka i Zivotniho prostiedi.
SURAO s.o. prOVOZU_]e tii dlozi§té nizko- a stfedné-
aktivnich odpadu a pripravuje projekt hlubinného dloZis-
t& vysokoaktivnich odpadt a vyhotelého jaderného pali-
va. Pro dlouhodobou izolaci radioaktivnich odpadu slouzi komplexni
systém bariér, jehoZ nedilnou souddsti je i horninové prostredi.

Provoz podzemnich dlozist radioaktivnich odpadid Bratrstvi
v blizkosti Jachymova a Richard u Litoméfic je situovan v kom-
plexech byvalych dalnich zafizeni, pouze tloZzisté Dukovany je pri-
povrchového typu.

V pripravné fazi je i projekt hlubinného uloZisté, které md na
zékladé stdtni koncepce pojmout veskeré vysokoaktivni odpady

LADIES AND GENTLEMEN,

It is an honour for me to be asked to present the Radio-
active Waste Repository Authority here in the pages of Tunel
magazine.

SURAOQ’s mission is, under the provisions of Article 26 of
Act 18/1997 on the peaceful uses of nuclear energy and ionising
radiation (the Atomic Act), to ensure the safe disposal of exis-
ting and future radioactive waste in compliance with the requi-
rements of nuclear safety and human and environmental protec-
tion. SURAO s.0. operates three repositories for the disposal of
low-level and intermediate-level waste and is currently prepa-
ring a project for a deep repository for the disposal of high-level
waste and spent nuclear fuel. The long-term isolation of radioactive waste
from the environment in such a deep repository will be ensured by a complex
system of barriers, an integral part of which is the rock environment in which
the facility is built.

The Bratrstvi (near Jichymov) and Richard (near Litoméfice) underground
repositories are situated in former mine complexes whereas the Dukovany
repository is of the near-surface type.

The project for a deep repository which, according to the national Concept

of Radioactive Waste and Spent Nuclear Fuel Management, will accommoda-
a vyhotelé jaderné palivo z CR. Hlubinné loZisté se bude skladat ze te all the high-level waste and spent nuclear fuel produced in the Czech

G Cdsti: podzemnich prostort pro ukladani a manipulaci s kontejnery  pepublic, is currently in the preparatory stage. The deep repository will con-
s vyhorelym palivem a vysokoaktivnimi odpady; pfistupovych Sachet i of three parts: the underground facility for the placement and handling of
a tunelt a nadzemniho — povrchového aredlu. Uklddaci komory  gisposal containers with spent nuclear fuel and high-level radioactive waste,
budou vybudovény v hloubce zhruba 500 m (podle charakteristiky  access shafts and tunnels, and the above-ground area. Disposal chambers will
horninového podlozi) ve stabilni geologické formaci a odpad bude  be built at a depth of approximately 500 metres (depending on the characte-

umistén ve specidlnich kontejnerech s dlouhodobou Zivotnosti. ristics of the footwall) in a stable geological formation and the waste will be
Bez ohledu na ns)vvé technologie prvepracovéni vyhorelého paliva  packed into specially-designed long-life containers.
probihd vyvoj a ovérovani vhodného reSeni inZenyrskych bariér pro Regardless of the emergence of new technologies for the reprocessing of

dloziste. Jsou tak navrhovany uklddaci kontejnery s izolaéni schop-  spent fuel, the study, development and verification of suitable engineered bar-
nosti dosahujici az statisicu let nebo ovéfovany vlastnosti riznych  riers for the deep repository continue apace. Disposal containers with an iso-
hostitelskych hornin, jako je Zula, jil, sul nebo tuf, které jsou schop-  lation capability in the range of thousands of years have already been desig-
ny zajistit nepruchodnost vody, a tim omezit moZnost tniku radioak-  ned and the properties of host rocks such as granite, clay, salt and tuffs, which
tivnich ldtek z dloZist€ do Zivotniho prostiedi. Tyto a dal3i potfebné  are capable of ensuring water impermeability thus reducing the risk of the
informace se z]’skévajf V}’/zkumem A rﬁzn)’/ch podzemnl’ch laborato- release of radioactive substances from the repository into the environment,
fich za Gcasti odborniku z fady zainteresovanych zemi. Sprava dlo-  have been verified. This and other relevant information has been obtained
713t se aktivné podili na mezindrodnich i domécich vyzkumnych pro- from research conducted at various underground laboratories with the partici-
jektech a pripravuje plin R&D pro celou oblast nakladani pation _of experts from a number o_f interes_ted countyies. The Reposi.tory
s radioaktivnimi odpady. Authprlty is actively myo]ved in various national and mternapona] projects
Vyzkumnd &innost v podzemi v ramci piipravy hlubinného lozis- and is currently preparing a detailed R&D plan for the radioactive waste
t& zahrnuje mnoho védnich disciplin. Zastavim se u dvou velmi aktu- ~ Management sector as a whole. ‘ )
4lnich podzemnlch projektd. Research Work gamed out underground as part of Fhﬁ: de_ep repository con-
V roce 2013 SURAO s.o. zacala realizovat projekt Podzemniho struction  project involves a wide range of sc1enF1f1c disciplines. Below,
vyzkumného pracoviité Bukov (dile jen PVP Bukov). Pracoviité je I would briefly like to mention two underground projects currently under way
umisténo v blizkosti jdmy Bukov na 12. patfe uranového dolu Rozn4 I. in the Cze;;h SRepubl(l)c h . . K
Razba pracovisté byla zahdjena v druhé poloviné roku 2013 U In 201 d RURA h SLO‘ commeg:/e;iBt ke CO‘I.ISt'rucdtlon O}tl tlgekBu‘ O‘V
a predpokldda se, Ze cely objekt bude dokonéen do konce roku 2014. Jndergroun Sesearc -aboratory ( ukov) situated near the Bukov sec-
Razb bihd klasickou k . tod o Siti trhacich tion of the qupa 1 uranium mine. Excavation wo.rk began in the s§cond half
azba probihia klasickou konvencnt metodou pri pouzitl trhacic of 2013 and it is envisaged that the laboratory will reach completion by the
pracll. Jghkoz se Jedqa o budoucf szkumne/prafcowste,]e kladen vy- end of 2014. Conventional construction methods have been used involving
soky du1:az na kvalitu prs)vefienl a hl,adky \{ylorr}. M PYP Bpkov blasting. For future research purposes, particular emphasis is being placed on
budou déle po jeho dokonceni realizovany insitu vyzkumné projekty

. . 5 o ot S the quality of the excavation process. It is planned that research projects will
charalfte,rlzace horninového prc})stredl,vk??re prispej k podrobnéjsimu eventually be conducted at the facility aimed at the detailed characterisation of
pozndni hornin v hloubkdch vétSich nez 500 metru pod

the rock environment which, in turn, will provide more reliable information on

povrchem. the rock massif at a depth of more than 500 metres beneath the surface than is
V lofiském roce Sprdva dloZi3t spole¢né s Centrem experimentdlni  cyrrently available.
geotechnlky CVUT v Praze a UIV Rez, a. ., také Zahajlla Cinnost ve Last year the Radioactive Waste Repository Authority, in cooperation with

vyznamném evropském projektu DOPAS, zaméfeném na vystavbu  the Centre for Experimental Geotechnics at the Czech Technical University in
experimentdlnich tésnicich zdtek v hlubinném dloZisti. V rdmci toho-  Prague and UJV ReZ, began to work on the research tasks allocated to them as
to projektu bude v podzemi URC Josef postavena specidlné navrzend  part of the DOPAS European project concerned with the construction of expe-
tlakova zdtka, které bude zatiZena postupnym tlakem aZ do vySe  rimental sealing plugs for use in deep repositories. A special pressure plug will
7 MPa. Tento tlak odpovidd tlaku, ktery by v budoucnu mohl vznik-  be built underground at the Josef URC and will be gradually exposed to pres-
nout v redlném hlubinném dloZisti. Celd experimentdlni ¢édst bude  sures of up to 7MPa, i.e. levels that might occur under real deep repository
prubezne zaznamendvana a vyhodnocena experty z Ceské republiky  conditions. All the various experimental stages will be regularly monitored
i zahrani¢i. Projekt DOPAS prispéje k dalsimu ovéfeni jednoho  and assessed by experts from both the Czech Republic and the other countri-
z mnoha konstrukénich prvku v rdmci projektu hlubinného dlozisté.  es involved in the project. The DOPAS project will contribute towards the
Stavebni prdce na tomto projektu probihaji od 2. poloviny roku 2013 verification of one of the many structural components which will make up
a jsou pldnovény az do konce roku 2014, samotny konec projektu je  future deep radioactive waste repositories. Construction work commenced in

v toce 2016, kdy dojde take K jeho kone¢nému vyhodnocent. s whole il he conélnded and asessed in 2016, ©
nyZﬁCglénitfilhum(;,c\ilyiolféggea (i(lgﬁ:)gs;% gaéoit%r:;’;e \?;s / ‘ More details on the r;search ac_tivities ip which‘ SURAO is
jako &tendfe — odborniky — zaujmou. Zavérem chei vam . involved can be found in professional am?les written by my
viem popfét pifjemné a podnétné &tenf a mnoho dspéchu i coll(_tague:S and [ sm_cerely hope that‘ they w1_ll attract your pro-
jak v podzemi, tak na povrchu. Lv fessional interest. Finally, I would like to wish all those invol-

’ LL | ved in the various projects under way every success both

| underground and on the surface.
it
JUDR. JAN PRACHAR

Feditel SURAO
Director of SURAO
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VAZENI CITATELIA CASOPISU TUNEL,

s odstupom troch rokov mame opét' moznost prostrednictvom stra-
nok tohto Casopisu prezentovat nasu spolo¢nost’ Skanska SK, a. s., jej
odborné aktivity a skdsenosti z projektov poslednych rokov, a mne,
ako jej predstavitelovi, pripadla prijemnd moznost' prihovorit’ sa
k vam niekolkymi vetami.

Slovensko sa po ,,neznej revoldcii* prezentovalo ambiciéznym
pldnom vybudovat'dialni¢ni siet’'ako nosni kostru dopravy, zahuste-
nd novymi rychlostnymi komunikdciami. Potreba novej infrastrukt-
ry bola markantna, plan velmi ambiciézny a dokonca aj redlny. AZ na
rozne ,,Sibenicné* terminy, ktorym ale pri Castej prezentdcii roznymi
politikmi chybal redlny Casovy podklad. A tak faktom zostdva, Ze
pldn nebol naplneny v roku 2005, ani v roku 2010 a je mdlo pravdepodobné, Ze sa
ho podarf naplnit’do roku 2018.

Ale objavuje sa ur¢itd nadej, Ze sa k vytizenému cielu — mat'na Slovensku infrast-
ruktdru na eurdpskej drovni — zatiname aspoii priblizovat. A kedZe Slovensko je kra-
jina hornatd, mnozstvo dialnic bude musiet’ prekonat’ pohoria cez tunely. A to je
dévod, preco sme tu, a na ¢o sme sa cely ten dlhy Cas pripravovali.

Firma Skanska SK, Zavod Tunely, predtym Banské Stavby Prievidza, sa po roku
1989 zdsadnym sposobom podielala na vystavbe 4 slovenskych tunelov zo Siestich
celkovo realizovanych. Md za sebou i vyznamné realizdcie tunelovych diel
v zahrani¢i (hovorime o desiatkach tunelov), ktoré jej slizili a slizia nielen ako refe-
rencia pre stavby na Slovensku, ale hlavne ako vynikajica Skola pre nové technol6-
gie, pre nové spdsoby prace, ktoré st nielen modernejsie, ekonomicky efektivnejsie,
ale maju pozitivny dosah na kvalitu diela, na Zivotné prostredie, ako i na cely cyklus
vystavby i ndslednej ddrzby. Dnes, ked nastdva na Slovensku tzv. ,tunelovy boom*,
vnimame i dal$f intenzivny ,rozmach®. Rozmach vykonstruovanych dévodov na
vylicenie tej ktorej firmy, nad ktorymi sa zastavuje rozum odbornikov, projektantov
i medzindrodnych $pecialistov. Nasa spoloénost' ma s takymto postupom Cerstvé skii-
senosti a faktom je, Ze redlny proces ndpravy a vymozenie prdva je v mnohych
podobnych pripadoch dlhy, drahy a hlavne nepredvidatelny.

Ano, my Slovéci sme uZ raz taki. Bud chceme vietko, alebo ni¢. Bud &ierne, alebo
biele. Bud nestaviame ni¢, alebo chceme za najblizsie 2-3 roky postavit viac tune-
lov, ako za poslednych dvadsat rokov. A v dal§om obdobf — pravdepodobne opit’
ni¢... Pre vysoko $pecializované firmy nasho zamerania je velmi tazké pripravovat’
sa na takéto extrémy a spravne strategicky situdciu vyhodnotit. Je nutné ludf priji-
mat, ¢i ich prepustat? Je potrebné do techniky investovat, ¢i stroje predavat?
A v neposlednom rade, je rozumné si mladych odbornikov na Skolach vychovavat,
alebo ich radsej nasmerovat inak? Podobnych otdzok, ako sa spravat’ ekonomicky,
ale sticasne aj vizionarsky a rozumne, je omnoho, omnoho viac a je jasné, Ze odpo-
ved na ne by mali poznat'aspon tf, ktorf stoja za pripravou smelych plénov i za déle-
zitymi rozhodnutiami o ich realizicii.

Slovensko ma vela Sikovnych Tudi a vychovalo mnoZstvo kvalitnych a uznd-
vanych odbornikov v podzemnych stavbach. Aktudlna otdzka je, ¢i ich dokdze v tak
kratkej dobe vsetkych sistredit’a kumulovat’doma a ¢i ich bude taky dostatok, ako
by si to nové tunelové projekty zasluhovali.

Vsetci vieme, Ze kvalitnd stavebnd firma, a vlastne akakolvek dobrd firma, sa
buduje roky, ¢i dokonca desatiocia. Pre vystavbu tunelov, tak na Slovensku ako aj
v Cechich, je takychto firiem skuto¢ne len par. A netreba ani zddraziovat, Ze svoju
povest'a know-how vytvorili rokmi prace a mnoZstvom odbornych skiisenosti...

Mrazi ma pomyslenie na moderne zjednodusent predstavu, ktord koluje v niek-
torych ,,obchodno-manazérskych hlavéch. ... kipim alebo prenajmem stroje, zoZe-
niem si ,,subku®, kipim (prijmem) nejakého projektového manazéra, ¢i najmem nie-
kolko Iudf ochotnych pracovat, idedlne za minimalnu mzdu. A postavim c¢okolvek!
Vieme viak, Ze tymto spdsobom to jednoducho nefunguje. A ked 4no, tak iba chvi-
Iu, kym nepride k prvym problémom, k prvym krizovym situdcidm, ktoré si kazda
stavba urcite vyZiada. Otdzkou iba zostdva, ako sa problémy a tieto situdcie vyrieSia.
Ci sa na ich rieSeni budd podielat’ kompetentn profesiondli s bohatymi skdsenosta-
mi, alebo novodobi ,,skoro — stavitelia“.

A toto je ten odkaz, ktory chcem tymto ¢lankom poslat’ dalej — medzi vds odbor-
nikov i odbornd verejnost. Mnohi z vds sa budd rdznym spésobom podielat’ na
vystavbe tychto slovenskych tunelov, ¢i uz ako projektant, zhotovitel, dozor alebo
investor. Nedovolme, aby tunely stavali neodbornici ¢i absoltitni amatéri, pretoZe tu
hrozi nielen nizka kvalita prdc, riziko neukoncenia diela, ekonomické skody a straty,
ale aj velké riziko nizkej drovne bezpecnosti a nedodrziavanie zdkladnych zdsad
spravania sa v tuneloch a pravidiel vykondvania prac v podzemi. Na zaciatku i na
konci kazdej prace je ¢lovek a jeho Zivot md najvysSiu hodnotu. Neddvne fatdlne
nehody na sticasnej vystavbe dialnic ndm zdvihli varovny prst, ¢o vSetko sa moze

Verte, nie je imyslom tohto ¢lanku strasit, alebo dokonca privoldvat’ nestastia.
Chceme len upozornit'na to, ze okrem radosti a euférie, Ze kone¢ne budeme stavat’
tunely na Slovensku, nesmieme zabudat' na jeden pocit. Je to pocit zodpovednosti.
Zodpovednost'nds vsetkych, ktori v tejto brandzi pracujeme, za to, ¢o
sa bude v najblizSom obdobi na Slovensku v novobudovanych tune-
loch diat’

Vela Stastia a Zdar boh.

. /
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DEAR TUNEL JOURNAL READERS,

With the passage of three years we have been again given the oppor-
tunity to present our company, Skanska SK, a. s., its professional activi-
ties and experience from past years’ projects on the pages of this jour-
nal. The pleasant opportunity to address you with several sentences fell
on me, in the position of its representative.

After the “Velvet Revolution”, Slovakia presented itself through an
ambitious plan for developing the motorway network as a main skeleton
for transport, to be supplemented by new fast highways. The necessity
for the new infrastructure was marked, the plan was very ambitious and
even realistic, with the exception of various tight deadlines, frequently
presented by various politicians, which missed a realistic time-related
basis. The fact remains that the plan was met neither in 2005 nor 2010
and it is little likely that it will be successfully met till 2018.

Nevertheless, a certain hope appears that we have started at least to approximate the
desired goal to develop a European-level infrastructure in Slovakia. Since Slovakia is
amountainous country, many motorways will have to overcome mountain ridges through
tunnels. This is the reason why we have been here and why we have been preparing our-
selves for this long time.

After 1989, Skanska SK, Zavod Tunely, former Banské Stavby Prievidza, participa-
ted substantially in the construction of 4 Slovak tunnels of the total of six which had been
realized. It has under its belt even significant execution of tunnelling projects abroad (we
are speaking about tens of tunnels), which have provided not only references for projects
in Slovakia, but first of all experience with new technologies, new ways of working,
which are not only more modern and economically more effective, but also have
a positive impact on the quality of work, environment and the entire cycle of constructi-
on and subsequent maintenance. Today, when the so-called “tunnelling boom” has appe-
ared in Slovakia, we are sensing even another intense “upswing”. It is the upswing of fab-
ricated reasons for excluding particular companies from tenders. The sense of professio-
nals, designers and international specialists questions these reasons. Our company has
most recent experience with such procedures and it is the fact that the real process of
remedy and law enforcement are in many similar situations long, expensive and, first of
all, unpredictable.

Yes, it is typical for us, Slovaks. We want to have either everything or nothing. Either
black or white. We either build nothing or wish to build more tunnels, as during the past
twenty years, during the closest 2-3 years. And during the subsequent period — probably
again nothing ... It is very difficult for highly specialised companies in our field to pre-
pare themselves for such extremes and assess the situation strategically correctly. It is
more necessary to receive employees or to dismiss them? Is it more necessary to invest
into equipment or to sell machines? And, at last but not least, is it more necessary to edu-
cate young professionals at schools or to prefer directing them somewhere else? There
are many and many more similar questions regarding the economic but at the same time
visionary and reasonable behaviour. It is clear that answers should be known at least to
those who are responsible for the preparation of bold plans and the important decisions
on their implementation.

Slovakia has very skillful people and has educated lots of good quality and renowned
professionals in the field of underground construction. The topical question is whether it
is capable of gathering them all and accumulating them at home at such a short notice or
their numbers will be sufficient, as new tunnelling projects would deserve.

We all know that developing a good quality firm, and in fact any good firm, takes
years or even decades. In reality there are only several companies in Slovakia as well as
the Czech Republic capable of building tunnels. It is not necessary to put stress on the
fact that they developed their reputation and know-how through years of work and the
amount of professional experience ...

The thought of the notion simplified in a modern way, circulating in heads of some
business managers is: I will purchase or hire machines, procure a sub-contractor, buy
(employ) a project manager or hire several people willing to work, ideally for a minimum
wage. Then I will be able to build anything! But we know that simply it does not work
in this way. And when it does, it is only for a short time, until first problems and first cri-
tical situations, which each project certainly encounters, emerge. The only question is
how the problems and these situations are solved. Whether competent professionals with
a wealth of experience or modern “nearly builders” participate in the solution.

And this is the message we want to send on through this article — among you, profes-
sionals and the professional public. Many of you will participate in different ways in the
development of the above-mentioned Slovak tunnels, whether as designers, contractors,
supervising engineers or project owners. Let us prevent laymen or absolute amateurs
from building tunnels because there is not only a threat of low quality of work, possibi-
lity of inability of completing the works, economic damages and losses, but also a great
risk of low level of safety and breaching fundamental principles of behaving in tunnels
and rules of working underground. People are both at the beginning and the end of any
work and their lives have the highest value. The recent fatal incidents experienced during
the current construction of motorways have risen a warning finger to us what can hap-
pen. Much more and with more serious consequences can happen in tunnels.

Believe me, haunting or even summoning misfortune is not the intention of this artic-
le. I only want to draw attention to the fact that, apart from the joy and euphoria that we
will finally build tunnels in Slovakia, we must not forget one feeling. It is the feeling of
responsibility. The responsibility of all of us who work in this construc-
tion branch for what will happen in newly built tunnels in Slovakia in the
nearest future.

Good luck and God speed you.

-

ING. PETER WITKOVSKY
riaditel zavodu Tunely, Skanska SK, podpredseda vyboru STA

Director of the Tunnels Branch of Skanska SK, Vice Chairman of the STA board
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EXPERIMENT EPSP - STAVBA ZATKY
PRO HLUBINNE ULOZISTE RADIOAKTIVNICH ODPADU
V RAMCI EVROPSKEHO PROJEKTU DOPAS

EPSP EXPERIMENT - CONSTRUCTION OF A PLUG FOR
A DEEP GEOLOGICAL RADIOACTIVE WASTE REPOSITORY
AS PART OF THE EUROPEAN DOPAS PROJECT

MARKETA DVORAKOVA, IRENA HANUSOVA, JIR[ SVOBODA, MAREK VENCL

ABSTRAKT

Mezindrodni projekt DOPAS (Demonstration of Plugs and Seals), kierého se iicastni 14 evropskych organizaci (Posiva, ANDRA, DBE-TEC,
GRS, Nagra, NDA, SURAO, SKB, CVUT, NRG, GSL, BTECH, VIT, UJV Rez, a.s.) Je zaméren na konstrukcni Fesent zdtek pro potieby hlu-
binného iloZisté radioaktivnich odpadii. Financné je projekt podporen ze 7. ramcového programu EUROATOM. Ceskd dst projektu DOPAS
(experiment EPSP — Experimental Pressure and Sealing Plug) je realizovdna v Regiondlnim podzemnim vyzkumném centru URC Josef (Celi-
na-Mokrsko). Cilem EPSP je vystavba, monitoring a ovéreni funkcnosti zdtky, ale také detailni charakteristika viech materidlu, které byly pro

konstrukci vyuzity.

ABSTRACT

The international DOPAS project (Demonstration of Plugs and Seals), which involves the participation of 14 European organisations (Posiva,
ANDRA, DBE-TEC, GRS, Nagra, NDA, SURAO, SKB, CVUT, NRG, GSL, BTECH, VIT, UJV ReZ, a. s.), is concerned with the structural solu-
tion for sealing plugs to be used in deep geological radioactive waste repositories. The project is funded by the 7 framework programme —
EURATOM. The Czech contribution to the DOPAS project (the EPSP experiment — Experimental Pressure and Sealing Plug) consists of an
experiment which is being conducted at the Josef Regional Underground Research Centre (Josef URC, Celina-Mokrsko). The aims of the EPSP
experiment are to develop, monitor and verify the functionality of such plugs and to determine a detailed characterisation of the materials from

which they are constructed.

1 UvVoD

Program vyvoje hlubinného tlozisté radioaktivnich odpada (HU)
v Ceské republice je zaloZen predev§im na dlouhodobé bezpeénosti
uloZeni vysokoaktivnich odpadu. Ke zvySeni bezpenosti prispéje
také konstrukce zdtek a tésnicich systémua, které jsou v hlubinném
dlozisti pldnovdny. V konceptu hlubinného uloZité je navrZeno
nékolik typu téchto zdtek. Jejich tkolem je bezpecné utésnéni
a uzavreni jednotlivych uklddacich prostor nejen po celou dobu pro-
vozu tdlozZiste, ale i po jeho trvalém uzavreni. Zdtka musi byt kon-
struovdna tak, aby odolala vysokym tlakam vznikajicim v dusledku
hydrostatického tlaku a objemovych zmén inZenyrskych bariér.

Cilem mezindrodniho projektu DOPAS je navrhnout vyuZiti
systému zétek v HU, vytvofit detailni design a materidlovou cha-
rakteristiku, otestovat stavebni technologie a realizovat Ctyfi
experimentdln{ zatky v in-situ prostfedi.

Tento &tyflety (2012-2016) projekt je podporovany ze zdroja
Evropské komise (7. rdmcovy program, EURATOM). Ko-
ordindtorem projektu je finskd spolecnost Posiva. DOPAS ma cel-
kem 14 partnert z 8 evropskych zemi (Posiva, ANDRA, DBE-
TEC, GRS, Nagra, NDA, SURAO, SKB, CVUT, NRG, GSL,
BTECH, VTT, UJV ReZ, a. s.).

V roce 2012 byla zahdjena vystavba zéitky ve svédské podzem-
nf laboratoii Aspd v prostiedi granitickych hornin, kde jsou pii-
tomny vody s pomérné vysokou salinitou (~75 g/lI) (Puig-
domeneck, ed., 2001) na rozdil od &eskych granitoida (Paces, T.
et al., 2010).

Finsko realizuje zkuSebni zdtku v podzemni charakterizacni
laboratori Onkalo. Ta je umisténa na ostrové Olkiluoto v prostred{
migmatitickych rul (Dixon et al., 2013).

Ve francouzské laboratofi v Saint Dizier je realizovan experi-
ment primdrné zaméfeny na vyzkum tésnicich systému v ji-
lovcich, které jsou findlni hostitelskou horninou pro umisténi HU
ve Francii (napf. Montes et al., 2004).

1 INTRODUCTION

The programme for the development of a deep geological radioacti-
ve waste repository (DGR) in the Czech Republic is based first and
foremost on the safe disposal of long-lived highly-active radioactive
waste. The safety of such repositories will be enhanced by the efficient
performance of the plugs and sealing systems which will make up an
important part of the overall disposal system. Several types of sealing
plugs will be required, the function of which will be to provide for the
sealing and closure of individual waste packages not only throughout
the period of repository operation, but also following the permanent
closure of the facility. Such plugs will have to provide a high level of
resistance to the considerable pressure which will be exerted by hydro-
static forces and volumetric changes within the engineered barriers.

The objective of the DOPAS international project is to design
a sealing plug system for DGR use, provide detailed plans for the
design of such plugs, test both the characteristics of the materials to
be used and the construction technology and to install four experi-
mental in-situ plugs.

This four-year (2012-2016) project is being funded from European
Commission financial resources (7th framework programme, EURA-
TOM) and the project coordinator is Finland-based Posiva. A total of
14 partners from 8 European countries are involved in the project
(Posiva, ANDRA, DBE-TEC, GRS, Nagra, NDA, SURAO, SKB,
CVUT, NRG, GSL, BTECH, VTT, UJV ReZ, a. s.).

In 2012 the construction of a sealing plug commenced at the Aspd
underground laboratory (Sweden) in a granitic rock environment
containing water with a relatively high level of salinity (approxima-
tely 75g/1) (Puigdomeneck, ed., 2001) in contrast to Czech granitoids
(PACES, T. et al., 2010).

In Finland a similar plug is undergoing testing at the Onkalo
underground laboratory located on the island of Olkiluoto in
a migmatitised gneiss rock environment (Dixon et al., 2013).
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Cesky experiment EPSP vznikd v redlném horninovém prostie-
di granitoidi (v Regiondlnim podzemnim vyzkumném centru
URC Josef). Koncept tohoto experimentu je zaloZen na primdrnim
vyuziti Ceskych materidli a technologii dostupnych v Ceské
republice. Jeho tkolem je demonstrovat technickou proveditel-
nost a funk&nost tlakové zatky umisténé v budoucim hlubinném
tloZisti radioaktivnich odpadu.

2 POPIS PROJEKTU EPSP

Technické feSeni zatky bylo navrzeno v Centru experimentdlni
geotechniky CVUT v Praze a vychazelo z konstrukéniho navrhu
v referenénim projektu 2011 (Pospiskova et al., 2012).

Experiment EPSP, ktery je rozdélen do 4 etap, realizuje Ceské
sdruZenf{ partnert (SfJRAO, CVUT a UJV f{ei, a.s.).

Prvni etapa byla zamérena predevS§im na nezbytné laboratorni
ovéfeni vhodnosti materidla pouZitych pro konstrukci zatky; zejmé-
na bentonitu a betonové smési, na

In France, an experiment is underway at the Saint Disier laborato-
ry focusing on research into sealing systems in claystones in which it
is intended that the French DGR will be constructed (e.g. MONTES
et al., 2004).

The Czech EPSP experiment is being conducted in a rock environ-
ment consisting of granitoids at the Josef Regional Underground
Research Centre (URC). The concept of the experiment is based prima-
rily on the use of Czech materials and technology available in the Czech
Republic and the principal aim is to demonstrate the technical viability
and functioning of a pressure-resistant plug located in a future DGR.

2 EPSP PROJECT DESCRIPTION

The technical design of the plug was the responsibility of the
Centre of Experimental Geotechnics of the Czech Technical
University (CVUT), Prague and was based on a structural proposal
contained in Reference Design 2011 (PospiSkova et al., 2012).

jejichz kvalitu a detailni charakteris-
tiku byl kladen pfi navrhu zatky nej-
VEtsi duraz.

V laboratofich UJV Re7, a. s. pak
vznikl samostatny fyzikdlni model
v laboratornim méfitku. Cilem toho-
to modelu je ziskani dat pro kalibra-
ce numerickych modelt saturace
bentonitového materidlu.

Néplni druhé etapy je samotnd
stavba experimentu, kterd byla zaha-
jena v roce 2013 injektdZnimi
a vrtnymi pracemi v experimentdln{
rozrazce M-SCH-Z/SP-59 (obr. 1).
Na tyto price poté plynule navdze
vystavba zatky véetné instrumentace -
celého experimentu a technologic-
kého zazemi.

Treti etapou je tlakovan{ syticimi
médii, kdy bude zditka vystavena
tlaku aZ 7 MPa. Po celou dobu bude
probihat kontinudlni monitoring
experimentu a technologie.

Posledni etapa vyzkumu je zameé-
fena na vyhodnoceni dat a poznatku
ziskanych z insitu a laboratornich
mereni pomoci numerické analyzy
a modelovéni. Vystupem je ovéreni
provozni bezpecnosti konstrukénich
prvka zdtek v hlubinném dloZisti
a doporuceni pro jejich budouci rea-
lizaci.

SP -59
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Obr. 1 Diilni mapa rozrdzky M-SCH-Z/SP-59 s misty odbéru vzorkii a jejich vyhodnocenim
Fig. 1 Mine sheet for gallery niche M-SCH-Z/SP-59 with sample locations and assessment
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Obr. 2 Prdce v rozrdZce SP-59
Fig. 2 Work in gallery niche SP-59

mocnosti 14 cm. Dominantni puklinové systémy jsou vyznaceny
v dulnégeologické dokumentaci (obr. 1), kterd byla upravena
podle mapovych podkladi Geofondu — Dobii§ 1-9/34-24, M-
SCH-Z/SP-59.

V roce 2013 bylo provedeno detailni mineralogické studium
puklinovych vyplni v rozrdzce SP-59 (obr. 2). Polohy odebranych
vzorkil jsou zakresleny v mapé na obr. 1. Sest vzorki bylo zana-
lyzovéno pomoci praskové RTG difrakce na VSCHT (X Pert PRO
s Bragg-Brentanovou geometrii, CuK,, 40 kV, 30 mA, High
Score Plus) a SEM na UK PrF. Difrakéni data jednotlivych fazi a
scany povrcha jsou uvedeny na obrazku 1.

4 KONSTRUKCNI RESENI ZATKY EPSP

Pro potfeby EPSP bylo nutno upravit profil rozrazky, ktery byl
rozsifen a byly vytvoreny limce pro betonové zatky. Vzhledem
k rozsidhlé EDZ (Excavation Disturbed Zone, zéna rozvolnéni
masivu) a misty vyraznému puklinovému systému musela byt
kvalita horninového prostfedi zlepSena pomoci injektazi.
V rozsahu 5 m okolo pldnované polohy experimentu byla jeji
pomoci sniZzena propustnost horniny tak, aby bylo mozné pouZit
pldnovanych vysokych tlaka (do 7 MPa) nutnych pro otestovani
funk&nosti EPSP. Experiment vyZaduje i rozsdhlé technologické
zazemi. To bude umisténo ve 25 m vzddlené rozrdzce M-SCH-
Z/SP-55. VSechny nutné instalace (tlakovaci a vypoustéci trubky,
kabeldz od ¢idel) budou od zatky k technologickému centru vede-
ny spojovacimi vrty.

Vlastni konstrukce tlakové zdtky EPSP ma tyto hlavni Cdsti
(obr. 3, 4): tlakovaci komoru, vnitfni zdtku ze stfikaného vldkno-
betonu, bentonitové tésnéni, filtr, vnéjsi zatku ze stiikaného vldk-
nobetonu a hostitelské horninové prostredsi.
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The EPSP experiment, which is divided into four stages, is being
conducted by a Czech consortium made up of SURAO, CVUT and
UJV Re7, a. s.

The first stage primarily concerned the laboratory verification of
the suitability of the materials to be used for plug construction, name-
ly bentonite and a concrete mixture, the quality and detailed charac-
teristics of which received particular attention during work on the
design of the plug.

An independent laboratory scale physical model was then con-
structed at UJV ReZ’s laboratories the objective of which was to obta-
in data to be used for the calibration of numerical models of the satu-
ration of bentonite.

The second stage consisted of the construction of the in-situ expe-
riment which commenced in 2013 with grouting and drilling work in
the M-SCH-Z/SP-59 experimental gallery niche (see Fig. 1). This
will be followed by the construction of the plug itself, including the
full instrumentation of the experiment and its immediate surroun-
dings.

The third stage will consist of pressurisation by saturation media
(air, water and a bentonite suspension) during which the plug will be
exposed to pressure of up to 7MPa. The experiment and the techno-
logy employed will be monitored constantly throughout this period of
the experiment.

The final stage of the experiment will concentrate on the evaluati-
on of the data and knowledge obtained from both the in-situ and labo-
ratory experiments using numerical analysis techniques and model-
ling. The final output will consist of the verification of the operatio-
nal safety of the various structural elements of plugs to be used in
DGRs and detailed recommendations for the future design and con-
struction of such plugs.

3 EMPLACEMENT OF THE PLUG
IN THE ROCK ENVIRONMENT

The EPSP experiment is being conducted at the Josef Regional URC
which is located near the town of Dobif in the Celina-Mokrsko former
gold mining area. The host rock comprises Sdzava-type granitoids of
the Variscan age (Moravek et al., 1992). A niche in the Mokrsko-West
area of the underground facility, which is traversed by quartz and
quartz-carbonate veins with a maximum thickness of 14cm, was chosen
for the conducting of the experiment. Information on dominant joint
systems is recorded in historical mining documentation (see Fig. 1)
which was subsequently updated according to map source documents
owned by Geofond — Dobri§ 1-9/34-24, M-SCH-Z/SP-59.

The detailed mineralogical study of the filling of fissures was car-
ried out in niche SP-59 in 2013 (see Fig. 2); the sam-
pling locations are shown in the map in Fig. 1. Six

EPSP experiment
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samples were analysed by means of X-ray powder
diffraction at the Institute of Chemical Technology,
Prague, VSCHT (X'Pert PRO with Bragg-Brentan
geometry, CuK,,, 40kV, 30mA, High Score Plus) and
SEM at the Faculty of Science, Charles University in
Prague. Diffraction data from individual phases and
surface scans is presented in Fig. 1.
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the planned location of the experiment in order to
allow the application of the planned high pressures
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Obr. 3 Konstrukéni reSent zdtky
Fig. 3 Structural plug design
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Experiment obsahuje rovnéZ pomocné konstruk-
ce nutné pro vystavbu (stény z drendzniho betonu),
rozsdhly monitoring a technologické zdzemi. Jako
tlakovaci médium se predpoklddd vzduch, voda
a bentonitovd suspenze.

Do tlakovaci komory, umisténé u elby, je tlako-
vaci médium privedeno cca 23 m dlouhymi spojo-
vacimi vrty z paralelni technologické rozrazky.
Komora je uzavrena sténou z drendzniho betonu,
kterd slouzi jako ztracené bednéni pro jednu
z hlavnich ¢asti EPSP — vnitin{ zdtku ze stfikaného
vldknobetonu.

Vnitini zatka patfi mezi kliCové Casti a ovéreni
jeji funk&nosti je jednim z hlavnich cila experi-
mentu. M4 dvé zdkladni funkce: statickou a hyd-
raulickou. To znamend zejména zaji$téni mechanic-
ké stability celého systému i za vysokého tlaku
a soucasné omezeni proudéni zdtkou tak, aby nedo-
§lo k poruSeni bentonitového té€snéni vytvorenim
erozniho kandlu v dobé, kdy jesté neni bentonitova
tésnici z6na dostate¢né saturovana.

Bentonitové tésnéni je druhou kliCovou c&asti
EPSP a ma za tikol hydraulicky oddélit/t€snit prosto-
ry pred a za zitkou. Bentonit je diky svym bobtna-
cim, a tedy i samovyhojovacim schopnostem a také
diky velmi nizké propustnosti vhodnym materidlem
pro tuto ¢dst. Jeho vlastnosti jsou vSak zdvislé,

CECRCRS
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kromé mineralogického slozeni, zejména na jeho
objemové hmotnosti. Aby bylo dosaZeno nezbyt-
nych vlastnosti, bude bentonit pouZit ve formé pelet
(obr. 5) lisovanych na vysokou objemovou hmot-
nost. Cilem je, aby primérnd suchd objemova hmotnost t€snéni po
instalaci byla minimalné 14 g/cm3, co? zajisti dostate¢né malou
propustnost (hydraulickou vodivost) a dostate¢ny bobtnaci tlak.
Soucésti experimentu je i otestovani vhodné technologie instalace
bentonitového tésnéni napiiklad pomoci technologie stiikaného
bentonitu.

Bentonitové tésnéni je ukonceno filtrem, ktery je oboustranné
fixovan sténami z drendzniho betonu. Stény slouzi jako podpora
nejen pro filtr, ale i pro bentonitové tésnéni v dobé vystavby
a jako ztracené bednéni pro vnéjsi zatku ze strikaného vldknobe-
tonu.

Filtr je primérné uréen pro monitoring prusaku zdtkou. Presto je
vSak napojen spojovacimi vrty do technologické rozrizky a je
mozné ho vyuZit i jako alternativni tlakovaci komory.

EPSP je uzavren vnéjsi zatkou ze stiikaného vlaknobetonu. Jeji
konstrukce je identickd se zatkou vnitfni a jejim Géelem je mecha-
nick4 stabilizace celku.

Soucdsti experimentu je i vlastni hostitelské prostredi.
Popisované inZenyrské konstrukce nejsou izolovanym funk¢nim
celkem, ale naopak musi fddné fungovat ve spolupréci se svym
okolim.

Predpoklddany postup tlakovani experimentu:

— tlakové zkouSka vnitini zédtky v dob€ vystavby azZ do 1 MPa;

— naméhani experimentu vzduchem a vodou (max. do 7 MPa ¢i

poruseni tésnosti);

— pretésnéni suspenzi (v pripadé poruSeni t€snosti);

— opakovani namdhdni experimentu vzduchem, vodou az do

7 MPa nebo do poruseni tésnosti (po pretésnéni).

Konstrukce experimentu je navrZena tak, aby poskytovala
i alternativni scéndre testovani, kdy je filtr pouZit jako tlakovaci
komora. To umoZnuje nucenou saturaci bentonitového tésnéni,
otestovani obrdceného sméru proudéni (nejprve bentonitem, pak
vnitini betonovou zdtkou) a v neposledni fadé otestovani (vnéjsi)
betonové zdtky samostatné.

Obr. 4 Rez zdtkou
Fig. 4 Cross-section through the plug

(up to 7MPa) necessary for the testing of the EPSP experiment. In
addition, the experiment required that an extensive service centre
containing the relevant background technology be installed in the M-
SCH-Z/SP-55 gallery niche at a distance of 25m from the experiment
proper; pressurising and discharge tubes, sensor cabling etc. lead
from the plug to the service centre through connecting boreholes.

The EPSP plug has the following main components (see Figures 3
and 4): a pressurisation chamber, the inner glass fibre-reinforced
shotcrete plug, bentonite sealing material, a filter, an external glass
fibre-reinforced shotcrete plug and the host rock environment.

The experiment also comprises a number of auxiliary structures
such as porous concrete walls, an extensive monitoring system and
service centre. The pressurising media will consist of air, water and
a bentonite suspension.

The pressurising medium will be transported to the pressurisation
chamber via 23m-long connecting boreholes from the neighbouring
service centre niche. The chamber is enclosed by a porous concrete
wall which will serve to support one of the main elements of the
EPSP — the inner glass fibre-reinforced concrete plug.

The inner plug makes up one of the key components of the experi-
ment and verifying that it works efficiently makes up one of the main
objectives of the project. It has two basic functions: static and hyd-
raulic which means primarily that it must ensure the mechanical sta-
bility of the entire system even under high pressure conditions and, at
the same time, must restrict flow through the plug so that the bento-
nite sealing is not damaged through the creation of an erosion chan-
nel in the period in which the bentonite sealing zone is undergoing,
but has not yet reached, full saturation.

A further major component of the EPSP is the bentonite sealant, the
purpose of which is to hydraulically separate/seal the spaces in front
of and behind the plug. Owing to its exceptional swelling properties
(and consequent self-healing capacity) and very low permeability,
bentonite is particularly suitable for fulfilling this function. However,
its sealing properties depend, in addition to its mineralogical compo-
sition, principally on its density. Therefore, in order to achieve the
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Tab. 1 Silikdtovd analyza bentonitu B 75_2013 (Vecernik et al., 2013)
Table 1 Silicate analysis of bentonite B 75_2013 (Vecernik et al., 2013)

hm. %
SiO, 49,83
Al,Og 15,35
TiO, 2,82
Fe,03 10,9
FeO 3,74
MnO 0,09
MgO 2,88
Ca0 2,01
Na,O 0,67
K,0 1,05
P,05 0,63
CO, 3,66

5 CHARAKTERISTIKA POUZITYCH MATERIALU
5.1 Bentonit

Na vyrobu pelet byl pouzit komeréni produkt bentonit B 75
(z roku 2013) firmy Keramost, a. s. Jednd se o Ca-Mg neaktivo-
vany bentonit pochdzejici z loZiska Cerny vrch. Mineralogické
a chemické slozeni bentonitu B 75_2013 je uvedeno na obr. 6
avtab. 1.

Z geotechnického hlediska je bentonit charakterizovan mezi
tekutosti, bobtnacim tlakem a hydraulickou vodivosti. Mez teku-
tosti se pohybuje okolo 170 %. Bobtnaci tlak a propustnost ben-
tonitu jsou zdvislé na py (suché objemové hmotnosti materidlu).
Bobtnaci tlak se exponencidlné zvysuje od 1 MPa do 8 MPa pro
materidl s py = 1,26-1,64 g/cm?. Pro priméré py = 1.4 glem?,
kterou mad bentonit uvnitf experimentu, dosahuje bobtnaci tlak
cca 2 MPa. Hydraulickd vodivost pro stejné rozmezi py = 1,26
1,64 g/cm? postupné klesd z 1012 m/s az 1013 m/s (Vasicek et al.,
2014).

5.2 Beton

Beton je vyznamnou slozkou experimentu EPSP. Ve formé stii-
kaného vlaknobetonu z alkalivzdornych skelnych vldken je pouzit
pro klicové komponenty experimentu — obé betonové zdtky.
Minimdlni pevnost vldknobetonu v tlaku je 30 MPa, pevnost
v tahu 3 MPa, hydraulickd vodivost mensi nez 1071 m/s (White et
al., 2013).

Mimo vlastni betonové zdtky je beton pouzit i pro pomocné
konstrukce — stény ze ztraceného bednéni a filtr. Zde je ve forme
drendZniho (mezerovitého) betonu tak, aby co nejméné ovliviioval
proudéni uvnitf experimentu.

Vyznamnou veli¢inou sledovanou u betonové smési pouZité pro
vystavbu zdtky a pomocnych konstrukci je hodnota pH vyluhu.

'|11Im!l]lﬁlm‘iﬂlﬂ‘.“‘ﬁ‘.i'ﬁ.'-
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Obr. 5 Lisované pelety z bentonitu B75
Fig. 5 Compressed B75 bentonite pellets
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required density level, bentonite will be used in the form of highly-
compressed pellets (see Fig. 5). The objective is to achieve
a minimum average dry density value following installation of
1.4g/cm? which will ensure a low degree of permeability (hyd-
raulic conductivity) and sufficiently high swelling pressure. The
EPSP experiment also includes the testing of bentonite installati-
on technology, for example the use of the shot clay method.

The bentonite sealant material is fitted with a filter fixed on
both sides between the porous concrete walls. The function of the
walls is to provide support not only for the filter, but also for the
bentonite sealing material during the construction phase as well as
to provide temporary support for the outer glass fibre-reinforced
concrete plug.

The filter has been designed principally for the monitoring of
seepage through the plug. Nevertheless, it is connected through
the afore-mentioned boreholes to the service centre niche and can
be used, if required, as an alternative pressurising chamber.

The EPSP is enclosed by an outer glass fibre-reinforced plug
the structure of which is identical to that of the internal plug and
the function of which is to mechanically stabilise the entire block.

The host rock environment also makes up an important compo-
nent of the experiment. Indeed, the engineering structures descri-
bed above cannot work in isolation but must function efficiently
in harmony with the neighbouring rock massif.

The pressurising of the experiment will comprise the following:

— pressure testing of the inner plug during construction up to

1MPa;

— stressing of the experiment with air and water (max. up to

7MPa or to integrity failure);

—re-sealing with suspension (in the case of an integrity failure);

— repeated stressing of the experiment with air and water up to

7MPa or an integrity failure (following re-sealing).

The design of the experiment even provides for alternative tes-
ting scenarios in which the filter can be used as the pressurising
chamber enabling the forced saturation of the bentonite sealant,
the testing of reverse flow (first by bentonite then by the inner
concrete plug) and the separate testing of the outer concrete plug.

5. CHARACTERISTICS OF THE MATERIALS USED

5. 1 Bentonite

Bentonite B75 (from 2013), a non-activated Ca-Mg bentonite
from the Cerny vrch deposit and commercially produced by
Keramost, a. s., was used for the production of the pellets. The
mineralogical and chemical composition of bentonite B75_2013
is presented in Fig. 6 and in Table 1.

From the geotechnical point of view, bentonite is characterised
by the liquid limit, swelling pressure and hydraulic conductivity;
the liquid limit fluctuates around 170 per cent and the swelling
pressure and permeability depend on py (the dry density of the
material). Swelling pressure potentially increases from 1MPa to
8MPa for a material with pg = 1.26-1.64g/cm?>. For an average of
pg = l4g/cm?, ie. the dry density value of the bentonite in the
experiment, swelling pressure reaches around 2MPa. Hydraulic
conductivity for the same range of pgq = 1.26-1.64g/cm? gradually
diminishes from 10-"?m/s to 10-">m/s (Vasi¢ek et al., 2014).

5. 2 Concrete

Concrete makes up an important component of the EPSP expe-
riment due to its use in the key elements of the experiment in the
form of shotcrete reinforced with alkaline-resistant glass fibres
(both concrete plugs). The minimum compressive strength of the
glass fibre-reinforced concrete is 30MPa, tensile strength is
3MPa and hydraulic conductivity is lower than 10-'°m/s (White et
al., 2013).

In addition to the plugs themselves, concrete was also used for
the construction of the auxiliary structures, i.e. the temporary
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concrete walls and filter, in this
case in the form of porous concre-
te which is designed so as to influ-
ence flow within the experiment as
little as possible.

mmt = montmorillonit / montmorillonite
q = kfemen / quartz

ant = anatas / anatase

calc = kalcit / calcite

sid = siderit / siderite The pH value of the leachate

ank = ankerit / ankerite q makes up an important quantity in
terms of the concrete mixture used

I in the construction of the plug and

q auxiliary structures. The needs of the
ank project dictate that the pH value of
the concrete mixture is kept to the
minimum (leachate pH value of
<11.7) so as to limit any unfavou-
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OF THE EXPERIMENT

Obr. 6 RTG difrakcni zdaznam B 75_2013

(X'Pert PRO, CuKgq, 40 kW, 30 mA, High Score Plus, analyzovdno na VSCHT, cervené spektrum - vzorek

B 75_2013, modré spektrum — tentyz vzorek po glykolaci)
Fig. 6 X-ray diffraction pattern B75_2013

(X Pert PRO, CuKq, 40 kW, 30 mA, High Score Plus, analysed by the University of Chemical Technology, red
spectrum — sample B 75_2013, blue spectrum — the same sample after glycolation)

Pro potieby projektu je pozadovano, aby veskerd pouzitd betono-
vd smés méla snizené pH (pH vyluhu <11,7), z divodu omezeni
nepriznivého pusobeni na bentonit.

6 MONITORING EXPERIMENTU

Jednim z hlavnich cild EPSP je ovéfit funk&nost navrZeného
feSeni zédtky. Proto je velmi daleZité zndt, jaké procesy v ni probi-
haji. Experiment je z tohoto divodu komplexné instrumentovan.
Instrumentace je navrZena tak, aby bylo moZzné sledovat vyvoj
hlavnich stavovych veli¢in v klicovych mistech experimentu. To
zahrnuje zejména sledovat:

— odezvu horninového prostfedi pomoci méficich svorniku;

— rozloZeni teploty a deformace uvnitf obou zétek ze stifkané-

ho vlaknobetonu;

— kontaktni napéti mezi zdtkami ze stifkaného vldknobetonu
a horninou;

— rozlozeni vlhkosti uvniti bentonitového tésnéni;

— rozloZeni bobtnaciho tlaku uvnit bentonitového tésnéni;

— rozloZeni pérového tlaku uvnitf bentonitového tésnént;

— tlak a teplotu v tlakovaci komore;

— tlak a teplotu uvnitf filtru;

— mnozstvi vody drénované filtrem;

— tlak, mnozstvi a typ tlakovactho média.

DuleZitou &asti praci je i ovéfeni vhodnosti zvolené technologie
vystavby pro dany typ konstrukce. Monitoring proto zac¢ind jiz
pred zahdjenim vystavby a celou vystavbu sleduje. Lze jej rozdé-
lit do ndsledujicich fazi podle jejich hlavni ndplné:

— fézi pripravnou (kalibrace systému a ziskani dat pro klidovy

stav horninového masivu);

— vystavbu az po dokonCeni vnitini zatky (sledovani vnitini
zatky — vyvoj hydratacniho tepla/teploty, monitoring defor-
maci a kontaktnich napéti);

— zkousku vnitini zdtky (odezva vnitini zdtky a horninového
prostiedi);

— dokonceni vystavby experimentu (kontrola instalace bentoni-
tového tésnéni a vnéjsi betonové zdtky);

— zkusebni provoz (kontrola funkcnosti technologie pro tlako-
vani experimentu a kontrola celkové funkce);

— hlavn{ experimentdlni program (komplexni sledovani chové-
ni celého experimentu).

One of the main objectives of
EPSP is to verify the effectiveness of
the sealing plug; therefore it is
essential that the processes taking
place within it be accurately deter-
mined. Hence, the experiment has
been fitted with a comprehensive
instrumentation system which has been designed in such a way that
it allows for the monitoring of the development of the principal vari-
ables at key stages of the experiment. Principally it comprises the
monitoring of:

— the response of the surrounding rock environment using measu-

rement bolts;

— temperature and deformation distribution within both the glass
fibre-reinforced shotcrete plugs;

— contact stress between the glass fibre-reinforced shotcrete plugs
and the rock;

— moisture distribution within the bentonite sealant;

— swelling pressure distribution within the bentonite sealant;

— pore pressure distribution within the bentonite sealant;

— positive pressure and temperature in the pressurisation chamber;

— pressure and temperature within the filter;

— amount of water drained through the filter;

— pressure and the amount and type of pressurisation medium.

A further important aim of the experiment consists of the verifica-
tion of the suitability of the construction technology selected for par-
ticular structures. The monitoring process therefore commenced prior
to the start of the construction stage and will provide for the monito-
ring of the whole of the construction period which can be divided into
the following phases according to main purpose:

— the preparatory phase (calibration of the system and the collecti-

on of data for determining the static state of the rock massif);

— construction work up to the completion of the inner plug (moni-
toring of the inner plug — the development of hydration
heat/temperature, the monitoring of deformation and contact
stress);

— the testing of the inner plug (inner plug and rock environment
response);

— the completion of the construction of the experiment (inspection
of the installation of the bentonite sealant and the outer concrete
plug);

— trial operation (checking of the functioning of the pressurisation
equipment and overall functioning);

— the main experimental programme (comprehensive monitoring
of the behaviour of the whole experiment).




Systém monitoringu vyuzZivd modernich technologii tak, aby
veSkerd data byla ihned k dispozici uZivateli pro dal§i vyuZiti.
Sbirand data jsou kontinudlné ukldddna do databaze méficiho
systému. Kromé vlastnich naméfenych dat, kterd systém uchova-
vd v primdrnich jednotkach, databdze obsahuje komplexni infor-
mace o jednotlivych ¢idlech instalovanych v experimentu a denik
experimentu. Nedilnou sou¢dsti méficiho systému je webové roz-
hrani. To umoZiiuje jednoduchym zpusobem ziskat piehled o déni
v experimentu. Mezi zdkladni informace (sluzby), které rozhrani
poskytuje, patfi: seznam Cidel s moZnosti vykresleni grafa za zvo-
lené obdobi, 3D vizualizace aktudlniho stavu, prehled
o funkcnosti systému a denik experimentu.

7 ZAVER

Experiment EPSP realizovany v Regiondlnim podzemnim
vyzkumném centru URC Josef je jednim z vyznamnych mezina-
rodnich projektd, na kterém se SURAO podili. Po celou dobu jeho
trvani je zde kladen vysoky duraz na pouZiti primdrné Ceskych
materidlu, zejména bentonitu typu B 75 a technologii dlouhodobé
vyvijenych v CR jako napiiklad technologie stiftkaného bentonitu.

Chovini celé zatky po dobu experimentu je peclivé sledovano
systémem monitoringu. Zavéreéné vyhodnoceni experimentu pro-
béhne za pomoci numerické analyzy a modelovani. Uspéin4 rea-
lizace experimentu EPSP piispéje k prokazani funk&nosti systému
tésnicich zatek, a tim i k objasnéni jedné z mnoha otdzek dlouho-
dobé bezpecnosti hlubinného udloZisté radioaktivnich odpadu
v Ceské republice.
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The monitoring system employs modern technology which allows for
the immediate availability of the data collected for end users; the data is
stored on a continuous basis in the specially-designed measurement sys-
tem database. In addition to the measured data, which is stored by the
system in primary units, the database also contains comprehensive infor-
mation from individual sensors installed within the experiment and the
experiment’s log. The web interface, which makes up an indispensable
part of the measurement system, provides for those involved to obtain
a general overview of events occurring within the experiment; the basic
information services provided by the interface include: a list of sensors
which allows for the plotting of graphs over a selected period, the 3D
visualisation of the current situation, an overview of the overall functio-
ning of the system and the experiment’s log.

7 CONCLUSION

The EPSP experiment currently underway at the Josef Regional
Underground Research Centre is one of the most important internati-
onal projects that SURAO (the Czech Radioactive Waste Repository
Authority) has ever been involved in. Emphasis has been placed since
the commencement of the project on the use of Czech materials,
i.e. B75 bentonite, and technologies which have been under develop-
ment for many years in the Czech Republic, for example sprayed
bentonite technology.

The behaviour of the plug will be comprehensively monitored
throughout the duration of the experiment. The final assessment of
the experiment will involve the use of numerical analysis and model-
ling techniques. Finally, it is envisaged that the successful completi-
on of the EPSP experiment will contribute towards demonstrating
how sealing plug systems behave under real conditions and, thus,
towards answering one of the many outstanding questions concer-
ning the long-term safety of a future deep geological radioactive
waste repository in the Czech Republic.
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PRIPRAVA HLUBINNEHO ULOZISTE V CESKE REPUBLICE

PREPARATION OF A DEEP GEOLOGICAL REPOSITORY
IN THE CZECH REPUBLIC

ILONA POSPISKOVA

ABSTRAKT

ZneSkodnovdni vyhorelého jaderného paliva a dalSich radioaktivnich odpadu, vznikajicich prevdzné v jaderné energetice, je spolecensky
diileZité téma. Zdkladnim poZadavkem, kladenym na iiloZisté radioaktivnich odpadi, je zamezit vniku radionuklidii do Zivotniho prostiedi.
Projekt bezpecného uloZeni vyhorelého jaderného paliva v hlubinném iloZisti je zaloZen na multibariérovém bezpecnostnim konceptu, jehoZ
prvai bariérou je uklddaci obalovy soubor, druhou bariérou jsou nepropustné jilové materidly a treti stabilni horninové prostredi 500 m pod
povrchem zemé. Hlubinné iiloZisté je jaderné zarizeni, s povrchovym a podzemnim aredlem. Proto spadd pod puisobnost a musi spliiovat ves-
keré relevantni poZadavky z oblasti jaderné a bdnské legislativy, pozemniho stavitelstvi a environmentdlnich vlivii. Sprdva uloZist radioaktiv-
nich odpadii (SURAO) je povérena koordinaci praci, které povedou k realizaci hlubinného 1iloZisté. V soucasné dobé jsou rozpracovdny dvé
varianty technického Feseni v riizné hloubce zpracovdni.

ABSTRACT

The disposal of spent nuclear fuel and other radioactive waste originating mainly in the nuclear energy sector is a topic with huge social
importance. The basic requirement of repositories for radioactive waste is the prevention of the escape of radionuclides into the biosphere. The
safe disposal of spent nuclear fuel in deep geological repositories (DGR) is based on the so-called multi-barrier concept the first barrier of
which consists of the waste package, the second barrier is made up of impermeable clay and the third is provided by the surrounding stable
rock environment at a depth of 500m below the earth’s surface. DGRs are considered nuclear facilities and will feature both above-ground and
underground premises. Hence such facilities are subject to the relevant requirements as set out in nuclear and mining legislation, underground
construction engineering regulations and environmental considerations. The Czech Radioactive Waste Repository Authority (SURAO) is res-
ponsible for coordinating the huge range of activities which will eventually lead to the commissioning of the Czech DGR. Two variants con-

cerning the technical design of the DGR, at different stages of development, are currently being considered.
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Vyuziti jaderné energie a ionizujictho zéreni se stalo prirozenou
soudsti rozvoje vyspélych stdtu. Pfi jejim vyuZzivani, zejména
v energetice, ale i v jinych primyslovych odvétvich, zdravotnictvi
nebo vyzkumu, vznikaji radioaktivni odpady.

Z hlediska objemu tvori nejvetsi podil odpady z jadernych elek-
trdren, z hlediska jejich aktivity pak odpady nizkoaktivni
a strednéaktivni. Takové odpady se po zpracovdani a upravé ukla-
daji do piipovrchovych tlozist. V Ceské republice jsou to tloZis-
té Dukovany, které je uréeno predevsim pro radioaktivni odpady
z provozu jadernych elektrdren a z jejich planovaného vyfazova-
ni, a Glozi$té Richard a Bratrstvi, urfend pro instituciondlni odpa-
dy (tj. z ostatnich odvetvi mimo energetiku).

Pii provozu energetickych i vyzkumnych jadernych reaktoru
vznikd vyhotelé jaderné palivo (v nékterych publikacich je mozné
se setkat i s pojmem pouzité jaderné palivo), které v pripadé, ze
nebude rozhodnuto o jeho dal$im vyuziti, je tfeba povaZovat za
radioaktivni odpad. V soucasnych typech reaktori se vyuZivé jen
maly podil §tépného materidlu, proto miZe byt vyhorelé jaderné
palivo povazovano za dale vyuzitelny energeticky zdroj. Ale ani
technologie prepracovani, ani nejpokroCilejsi palivové cykly
s vyuZitim transmutace dlouhodobych radionuklidi nedokdZou
preménit vSechny odpady s dlouhodobymi radionuklidy z prepra-
covani vyhorelého jaderného paliva na odpady, které by bylo
mozné ulozit v pripovrchovych ulozistich. UloZeni jak vyhorelé-
ho paliva, tak i odpadu po jeho piepracovani do hlubinného tlo-
7iste se jak v Evrope, tak i ostatnich vyspélych zemich (USA,
Kanada, Japonsko, Rusko) povaZuje za nejbezpecnéjsi zpusob
jejich zneskodnéni.

Ceskd republika ma vlddou schvélenou koncepci nakladani
s radioaktivnimi odpady a vyhorelym jadernym palivem, jejimz
zdkladnim predpokladem je, Ze ¢eské jaderné elektrarny jsou pro-
vozovéany v otevieném palivovém cyklu, coZ znamend, 7e se

1 INTRODUCTION

The use of nuclear power and ionising radiation has become
a natural feature of many of the world’s developed countries.
Radioactive waste is created primarily as the result of the gene-
ration of nuclear power but also in other branches of industry
and the health and research sectors.

As far as volume is concerned, the vast majority of waste is
created by nuclear power plants; in terms of activity most
waste is made up of low- and medium-level waste which is dis-
posed of, following strictly-controlled processing and treat-
ment, at near-surface repositories. The Czech Republic has
three operational repositories: Dukovany, which is intended
primarily for radioactive waste produced as a result of the ope-
ration of the Czech Republic’s two nuclear power plants and
the planned decommissioning of these plants, and the Richard
and Bratrstvi repositories which are used for the disposal of so-
called institutional waste (i.e. waste from sectors other than the
power sector).

Spent nuclear fuel (sometimes referred to as used nuclear
fuel) is produced as the result of the operation of power gene-
ration and research reactors and is considered to be radioactive
waste if no decision has been made on its further use; the pro-
portion of fissile material used in today’s reactors is relatively
low therefore spent nuclear fuel can be reprocessed to produce
a new nuclear power source. Nevertheless, neither reprocessing
technologies nor the most advanced fuel cycles employing the
transmutation of long-lived radionuclides are capable of con-
verting the waste produced into a form which can be disposed
of at near-surface repositories. Therefore, the disposal of spent
nuclear fuel, and waste produced following reprocessing, in
DGRs is considered, not only in Europe but also in other deve-
loped parts of the world (the USA, Canada, Japan, Russia) to
be by far the safest way of rendering such waste harmless.




v blizké budoucnosti nepoéitd s prepracovanim vyhorelého jader-
ného paliva. Rozhodnuti, zda prepracovat vyhotelé jaderné palivo,
neni zcela jednoduché, je nutné vzit v dvahu nejen ekonomické
hledisko, ale i technické moZnosti vyuZziti prepracovaného vyho-
felého jaderného paliva v podminkach Ceské republiky. Stavajici
koncepce predpokladd, Ze prvni vyhotelé jaderné palivo bude pre-
dédno k uloZeni okolo roku 2065.

Nicméné to, Ze byly v aredlech jadernych elektraren vybudova-
ny sklady vyhorelého jaderného paliva, umoZiuje zaujmout
vyckavaci pozici (tj., Ze v zavislosti na podminkach bude mozné
vyhotelé jaderné palivo bud piepracovat, nebo vyuZit nové vyvi-
jené transmutaéni technologie) a zdroven poskytuje vyhodu pri
navrhu vlastniho technického feseni hlubinného dloZisté z duvodu
poklesu vyvinu tepla a zafeni béhem skladovani.

2 KONCEPCNI PRISTUP K RESENI HLUBINNEHO

ULOZISTE

Systematicky proces piipravy hlubinného tlozisté v CR zacal
v roce 1989 po vypovézeni smlouvy o bezplatném odvozu vyho-
felého jaderného paliva do Ruské federace. Je tedy treba najit
feSeni, které zajisti dlouhodobou izolaci uklddaného odpadu od
Zivotniho prostredi.

Jiz. v roce 1993 bylo navrzeno feSeni, zaloZené na $védském
multibariérovém bezpecnostnim konceptu, jehoZ zakladni barié-
rou je korozivzdorny uklddaci obalovy soubor, dalsi bariérou jsou
nepropustné jilové materidly (bentonit) a treti bariéru tvori stabil-
ni horninové prostedi cca 500 m pod povrchem zemé.

Vlastni technické feSeni hlubinného dloZzisté bude vyrazné
ovlivnéno radou vstupnich a okrajovych podminek. Tyto podmin-
Ky Ize roz¢lenit v zdsadé do nékolika skupin.

Prvni skupinou jsou podminky strategického charakteru, to zna-
mend zejména specifikace mnozstvi a vlastnosti uklddaného odpa-
du a jeho forma k uloZeni. K témto podminkdam lze zaradit roz-
hodnuti o tom, zda bude uloZeno neprepracované palivo, nebo se
budou ukladat odpady z prepracovani; zda horkd komora, kterd
slouzi k preloZeni paliva do uklddacich obalovych soubort, bude
soucdsti aredlu hlubinného ulozisté, nebo se tyto ¢innosti budou
vykondvat jinde, napiiklad v areédlu jaderné elektrdrny, a do hlu-
binného tlozisté se budou privdZet uz pripravené uklddaci obalo-
vé soubory.

Druhou skupinou jsou poZadavky a omezeni vzniklé na zakladé
charakteristiky lokality. Pro feSeni podzemniho aredlu jsou to
zejména ty, které se tykaji kvality horninového masivu, naptiklad
ddaje o prabéhu hlavnich zloma a deformacnich zon, geotechnic-
kych vlastnostech skalnitho masivu, hloubkovém dosahu denudac-
nich procesu, nebo chemickém sloZeni podzemni vody. Pro povr-
chovy aredl pak napriklad morfologie terénu v misté vystavby are-
alu, kterd muZe ovlivnit velikost nadzemniho aredlu i umistén{
nékterych dualeZitych i podpurnych technologii, moZnosti napoje-
ni na mistni infrastrukturu, atd. DuleZitd jsou i specifickd envi-
ronmentdlni omezeni, jako napriklad povétrnostni podminky nebo
krajinny raz.

Dal3i daleZitou skupinou jsou legislativni pozadavky. Hlubinné
uloziste je jaderné zatizeni, s povrchovym a podzemnim aredlem.
Proto spadd pod pusobnost a musi spliovat veSkeré relevantni
pozadavky z oblasti jaderné a banské legislativy, pozemniho sta-
vitelstvi a environmentdlnich vliva.

Posledni skupinu tvori socio-ekonomické podminky. V tomto
piipadé se jedna predevsim o to, jak vyhovét pozadavkum vefej-
nosti na zakomponovani aredlu do okolni krajiny nebo jak mini-
malizovat vlivy vystavby na okoln{ prostredi.

Navrzené technické feSeni musi byt ovéfeno prokdzanim bez-
pecnosti, a to jak provozni, ale predev§im dlouhodobé, kterd se
vzhledem k charakteru uloZenych odpadu pohybuje v fddech sta-
tisica let. Hodnoceni provozni bezpecnosti musi byt provedeno
jak pro normdlni provoz, tak pro projektové nehody, které by
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The Czech Republic has a government-approved concept for
the handling of radioactive waste the basic assumption of
which is that Czech nuclear power plants are, and will continue
to be, operated on an open fuel cycle basis which means that
the reprocessing of spent nuclear fuel is not planned at least in
the near future. The decision whether or not to reprocess spent
nuclear fuel is not simple; it is necessary to take into conside-
ration not only the economic aspects but also the technical
limitations of the use of reprocessed nuclear fuel under condi-
tions currently pertaining in the Czech Republic. The govern-
ment concept assumes that the transfer of spent nuclear fuel for
disposal will commence in 2065.

The fact that secure spent nuclear fuel storage facilities have
been constructed within nuclear power plant complexes allows
for the adoption of a “wait and see” approach (i.e. reprocessing
or the use of new transmutation techniques might be employed
in the future depending on technical and other developments).
At the same time, this approach provides an advantage in terms
of the design of the technical aspects of deep geological dispo-
sal in that it allows for a decrease in heat and radiation levels
during the storage period.

2 CONCEPTUAL APPROACH TO A DEEP GEOLOGICAL
REPOSITORY

The systematic process of the development of a deep geolo-
gical repository in the Czech Republic commenced in 1989 fol-
lowing the termination of an agreement on the removal of spent
nuclear fuel to the Russia. It was seen as essential that
a solution be found which would ensure the long-term isolati-
on of spent nuclear waste from the biosphere.

As early as in 1993 a solution was proposed based on the
Swedish multi-barrier safety concept according to which the
basic barrier consists of an anti-corrosion treated waste packa-
ge, the next barrier is made up of impermeable clay (bentonite)
and the third consists of a stable rock environment located
around 500m below the earth’s surface.

The technical aspects of the DGR will be significantly affec-
ted by a range of input and boundary conditions which can be
divided into several groups.

The first group covers strategic character conditions, which
means essentially the determination of the amount and proper-
ties of the materials to be disposed of and the form of disposal.
In addition, this group will include for example the decision
concerning the storage of non-reprocessed spent fuel or repro-
cessed waste and whether the hot cell used for the loading of
spent fuel into waste packages will be located at the DGR com-
plex or whether this operation will be carried out elsewhere for
example at nuclear power plants from where the prepared
waste packages will be transported to the DGR.

The second group covers requirements and restrictions issu-
ing from the characteristics of the location chosen for the DGR.
In terms of the underground complex, such requirements relate
primarily to the quality of the rock mass, i.e. data on the natu-
re of the principal faults and deformation zones, the geotechni-
cal properties of the rock mass, the depth range of denudation
processes and the chemical composition of the local ground-
water. With regard to the above-ground complex, considerati-
ons include, for example, the morphology of the area, which
will influence the extent of the above-ground complex and the
location of essential and support technical facilities, the ease of
connecting to the local infrastructure network and so on.
Specific environmental restrictions, for example local weather
conditions and the character of the local countryside will also
have to be considered.
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mohly mit nejvétsi dopad na Zivotn{ prostiedi a obyvatelstvo. Pri
hodnoceni dlouhodobé bezpe€nosti po uzavieni dloziste je treba
zvazovat i velmi mélo pravdépodobné procesy a uddlosti, které se
mohou vyskytnout v horizontu statisici let. Vysledky téchto
vypo&ta se musi zpétné promitnout do ndvrhu technického feseni.

3 TECHNICKE RESEN[ HLUBINNEHO ULOZISTE

3.1 Pristup k navrhu technického feseni

V soutasné dobé jsou v CR rozpracovény dvé varianty technic-
kého feSeni, ale v ruzné hloubce zpracovéni (Holub et al., 1999,
Pospiskova et al., 2012). Ob¢ technicka feSeni jsou zaloZena na
zdkladnich vstupnich predpokladech, Ze vyhorelé jaderné palivo se
bude uklddat nepfepracované, v ocelovych obalovych souborech,
v hloubce cca 500 m pod povrchem zemé, v granitoidn{ horniné.

S ohledem na zatim neukonéeny proces vybéru lokality bylo
nutné pfi zpracovani projektu umistit stavbu do hypotetické loka-
lity, jejiz charakteristiky jsou zaloZeny na dostupnych geologic-
kych a environmentédlnich poznatcich z lokalit s krystalinickymi
horninami, kde by dlozi§t¢ mélo byt umisténo. Vyber lokality je
podfizen zejména pozadavku zajiSteéni dlouhodobé bezpeénosti.
Neméné dulezitd viak budou kritéria environmentdlni, socio-eko-
nomickd, demograficka a kritéria projektova.

DuleZitou oblasti, kterd m4 vliv na technické feSeni hlubinného
ukldddni, je uklddany inventdf, a to nejen jeho mnoZstvi, ale
i forma. V referencnim projektu 2012 byly provedeny bilance pro
otevieny palivovy cyklus (vyhorelé palivo nebude pfepracovano)
i pro ¢aste¢né uzavieny palivovy cyklus (s predpokladanym éas-
te¢nym prepracovanim). Névrh technického feSeni byl zpracovan
pro variantu nepiepracovaného paliva. Jedna se tedy o okrajovou
»~maximalistickou variantu. V pripadé, ze by v budoucnu bylo
rozhodnuto, 7¢ vyhorelé jaderné palivo se bude prepracovévat,
vysledny objem k uloZeni bude vzdy mensi. Dal§im predpokla-
dem je, Ze do hlubinného tlozisté se budou ukladat i radioaktivn{
odpady, které svymi parametry nevyhovi podminkdm pfijatelnos-
ti pro uloZeni do stdvajicich tlozist. Jedna se o malou frakci pro-
voznich odpadu jak z energetickych zdroju, tak vyzkumnych pra-
coviSt'a odpadu z jejich vyfazovani. Do bilanci bylo zapodteno
vyhotelé jaderné palivo i odpovidajici mnoZstvi radioaktivnich
odpadu jednak ze 40letého provozu stdvajicich jadernych elektra-
ren a dile ze 60letého provozu tii novych jadernych zdroju.
Celkem se jednd o cca 7700 tU a cca 4500 t ostatnich radioaktiv-
nich odpadu. Pfi navrZenych konstrukcich uklddacich obalovych
souborl by to znamenalo cca 6000 ks pro vyhorelé jaderné palivo
a cca 3000 ks betonkontejneru pro ostatni radioaktivni odpady.
Vsechny bilance byly provedeny v souladu s aktualni strategii
CEZ, a. s., a pii optimalizaci technického feseni bude vzdy nutné
aktualizovat i vstupni ddaje tykajici se uklddaného inventére.

Koncepéni technické feSeni predpokldadd, Zze vyhotelé jaderné
palivo se bude do hlubinného uloZzisteé privdZet v obalovych sou-
borech (kontejnerech), ve kterych se skladuje v suchych skladech
v aredlech jadernych elektraren. V soucasné dobé se jednd
o CASTOR® 440/84, CASTOR® 440/84M, CASTOR® 1000/19
s typovym schvdlenim B(U)F (uvedené oznaceni je v souladu
s pozadavky vyhl. Stétniho tfadu pro jadernou bezpe&nost (SUIB)
317/2002 Sb. v platném znéni). Proto se predpokladd, Ze soucdsti
aredlu hlubinného uloziste bude preklddaci uzel s horkou komo-
rou, ve které se bude vyhorelé jaderné palivo zavazet do uklada-
cich obalovych soubort.

Ukladaci obalové soubory pro vyhorelé jaderné palivo (obr. 1)
musi splnit ndrocné pozadavky, a to nejen ve fazi provozni, ale
zejména po uzavreni uloZist€. Musi byt zajiSténa jadernd bezpec-
nost, to znamend odvod zbytkového tepelného vykonu
a podkriti¢nost béhem vSech manipulaci a po celou dobu uloZeni,
a to jak beéhem normalniho provozu, tak pfi projektovych havari-
ich. Dédle musi byt zaji$téna radiani ochrana; uklddaci obalové
soubory musi zamezit tniku radioaktivnich latek, a to znamend

The third group covers legislative issues. The future DGR
will be considered a nuclear facility with above-ground and
underground facilities; therefore it will be necessary to satisfy
the strict requirements of relevant nuclear and mining legislati-
on, and fully respect underground construction engineering
limitations and environmental concerns.

The final group consists of socio-economic considerations
and the task in this case is to determine public opinion with
regard to DGR siting and to minimise the impact of DGR con-
struction on the local environment.

The design of the DGR will prioritise safety issues, both ope-
rational and, particularly, long term, i.e. over a period of time
in the order of hundreds of thousands of years depending upon
the character of the waste disposed of. An operational safety
assessment will be conducted with regard to both normal ope-
ration and potential project incidents which could have
a significant impact on the local population and environment.
As far as long-term safety following DGR closure is concer-
ned, it will be necessary to consider even extremely unlikely
processes and events that might occur over the next few hund-
reds of thousands of years. The results of such analysis must be
reflected in the overall technical design of the DGR.

3 TECHNICAL DESIGN OF THE DEEP GEOLOGICAL
REPOSITORY

3.1 Approach to the technical design

Two variants, at different stages of development, are current-
ly being pursued with regard to the technical design for the
future Czech DGR (Holub et al., 1999, Pospiskova et al.,
2012). Both of the designs are based on the basic input assump-
tion that spent nuclear fuel will be stored unprocessed in steel
waste packages in granitoid rock at a depth of around 500m
beneath the earth’s surface.

Since a final location for the DGR has not yet been selected,
it was necessary during the design preparation stage to site the
facility at a hypothetical location the characteristics of which
are based on geological and environmental information already
available from areas featuring crystalline rock in which it is
assumed that the repository will be located. The main priority
in terms of the selection of a location is that of the requirement
for ensuring long-term safety; however, environmental, socio-
economic, demographic and design-related criteria will be no
less important.

The inventory of the waste which will be disposed at the
repository, the amount as well as the form, has a significant
influence on the technical design of the DGR. A number of
options for waste from the open fuel cycle (non-reprocessed
spent fuel) as well as the partly closed fuel cycle (assuming
partial reprocessing) were considered in the 2012 Reference
Design. However, the final technical design proposal conside-
red unprocessed spent fuel only in terms of volume, i.e. the
maximum variant. If a decision is made in the future that spent
nuclear fuel will be reprocessed, the resulting volume of waste
will be less than envisaged. A further assumption is that radio-
active waste that will not meet acceptability conditions for sto-
rage at existing near-surface repositories will be stored in the
DGR. This will be however a small fraction of the waste expec-
ted from the operation and decommissioning of nuclear power
plants and research reactors. The calculation of volume inclu-
des the spent nuclear fuel and other radioactive waste from the
40-year operation of existing nuclear power plants as well as
the 60-year operation of three new nuclear power sources. The
total volume assumed amounts to around 7700 tonnes of heavy
metal and around 4500 tonnes of other waste. In terms of the
number of waste packages, this means 6000 containers of spent




1) palivové soubory - fuel assemblies
'2) vnitfni (primarni) obal — inner (primary) case
'3) vnéj8i (sekundami) obal — outer (secondary) case

Obr. 1 Ukladact obalovy soubor pro vyhorelé jaderné palivo
Fig. I Waste package for spent nuclear fuel

tésnost obalového souboru nejen v provozni fdzi, ale
i v dlouhodobém &asovém horizontu po dobu tisicti let. Zivotnost
obalového souboru je zajiSténa volbou materidlu nejen vlastniho
obalového souboru, ale i ostatnich inZenyrskych bariér a jejich
vzdjemnou interakci. Ulozisté tak musi zajistit bezpecnost
v fadech statisicu let.

Podle charakteru uklddaného materidlu, tj. vyhorelé jaderné
palivo, bude v souladu s platnou &eskou legislativou (vyhl. SUIB
317/2002 Sb. v platném znéni) pouzit obalovy soubor typu D,
ktery podle citované vyhlasky podléhd typovému schvalovani.
Typové schvalovani je proces, v rdmci kterého se Stdtnimu dradu
pro jadernou bezpecnost doklddd, Ze navrzeny obalovy soubor
spliiuje vSechny poZzadavky na néj kladené, v¢etné dokumentace
predepsanych zkousek.

3.2 Popis technického FeSeni

Hlubinné dlozisteé bude tvoreno dvéma aredly — povrchovym
a podzemnim. V povrchovém aredlu budou umistény objekty
nutné pro prijem a zabezpeleni provozu ukldddni vyhorelého
jaderného paliva a radioaktivnich odpadu, déle objekty nutné pro
zajisténi téZebni Cinnosti, véetné jejich technického zdzemi,
objekty pro zajistén{ pobytu pracovnikd, administrativu, a rovnéz
objekty zajistujici provoz povrchového i podzemniho aredlu
(komunikace, inzenyrské sité, fyzickou ochranu areal atd.).

Povrchovy aredl bude napojen na silni¢ni a Zelezni¢ni infra-
strukturu. Pro prepravu obalovych soubort s vyhorelym jadernym
palivem a radioaktivnimi odpady bude vyuZzita predevsim Zelez-
ni¢ni doprava. MuZe byt rovnéZ vyuZita pro dopravu stavebnich
a dal§ich materidlQ, pfip. na transport rubaniny z aredlu HU
v prubéhu vystavby.

Prepravni obalové soubory/kontejnery s vyhofelym jadernym
palivem budou po prijezdu do aredlu zavezeny do preklddaciho
uzlu, ktery bude vybaven horkou komorou. V ni bude palivo pre-
kladdno do uklddacich obalovych souboru. Po jejich uzavieni,
kontrole a povrchové dpraveé budou zavazeny do podzemniho are-
dlu k uloZeni. Zminéné provozy mohou byt souédsti povrchového
aredlu, jak bylo uvazovano v referenc¢nim projektu z roku 1999.
Pokud to morfologie terénu dovoli, mohou ale byt i soucdsti pod-
zemniho aredlu (obr. 2); toto uspordddni bylo feSeno v re-
feren¢nim projektu z roku 2012.

Vyhortelé jaderné palivo a ostatni radioaktivni odpady budou
ukldddny na horizontu —500 m. Pfistup do podzemniho aredlu
bude pro persondl zajistén svislym dilem, pro vyhorelé jaderné
palivo a pro ostatni radioaktivni odpady se uvazuji dvé varianty —
svislym nebo tklonnym dilem. Obé feSeni maji své nesporné
vyhody, ale i rizika a nevyhody.
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nuclear fuel and approximately 3000 concrete containers of
other radioactive waste. The amounts were determined accor-
ding to the current strategy of CEZ (the Czech Power
Company), and should conditions change, the input data regar-
ding the waste inventory will, naturally, be updated.

The current high-level waste concept assumes that spent nuc-
lear fuel will be transported to the DGR in specially-designed
waste containers in which the waste will be stored in dry stora-
ge facilities located at nuclear power plants. Currently the fol-
lowing containers are used for storage purposes: CASTOR®
440/84, CASTOR® 440/84M, CASTOR® 1000/19 with B(U)F
approval (in compliance with the requirements of Decree No.
317/2002 Coll. of the State Office for Nuclear Safety (SUJB)
as amended). It is assumed that reloading will take place prior
to DGR disposal using a hot cell which will be located within
the DGR complex.

Waste containers for spent nuclear fuel (Fig. 1) will have to
meet stringent requirements, not only in the operational phase
of the DGR but, importantly, following repository closure.
Nuclear safety must be ensured with regard to heat dissipation
and during the handling and storage periods, i.e. concerning
both normal operation and potential project incidents. In addi-
tion, radiation protection must also be ensured; waste packages
must be able to prevent the escape of radioactive material. This
means that the waste container must maintain its integrity not
only during the operational phase but also in the order of thou-
sands of years post-closure. The lifetime of the waste package
depends on the materials used for the container itself and for
the other engineered barriers as well as on their mutual inter-
action. In this way repository safety will be ensured over
a period of hundreds of thousands of years.

With respect to the character of the spent nuclear fuel which
will be disposed of, it is assumed that the D-type waste packa-
ge will be used in compliance with the applicable Czech legis-
lation (SUJB Decree No. 317/2002 Coll. as amended) accor-
ding to which this type of waste package is subject to approval.
Obtaining such approval forms part of the overall SUJB appro-
val process and will ensure that the proposed waste package
meets all the relevant requirements inclusive of the submission
of testing documentation.

3.2 Technical design

The DGR will consist of two parts — the above-ground and
underground facilities. The structures necessary for the accep-
tance of and support for the disposal of the spent nuclear fuel
and radioactive waste as well as those required for the related
mining activities, including support facilities, the buildings
required for the accommodation of DGR construction workers
and administrative staff as well as for the operation of both the
above-grade ground and underground facilities (access roads,
utility networks, security etc.) will be located above ground.

The above-ground facility will be connected to the local road
and railway systems; it is envisaged that the spent nuclear fuel
and radioactive waste packages will be transported by rail.
Railway transport will also be used for the transport of building
and other materials and for the removal of excavated material
produced as a result of the construction process.

Once the waste packages/containers with spent nuclear fuel
arrive at the DGR, they will be transferred to the so-called relo-
ading node which will be equipped with a hot cell in which the
waste will be reloaded into waste containers. Following closu-
re, checking and surface treatment, the packages will be tran-
sported to the underground facility for disposal. Although it is
planned that the transfer process will take place above-ground
according to the 1999 Reference Design, it may be possible, as
outlined in the 2012 reference Design, to undertake the reloa-
ding process underground (see Fig. 2).
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povrchovy aredl — surface grounds
prekladaci uzel s horkou komorou — reloading node with hot cell

inclined drift for transport of containers into underground premises
prostory pro pfipravu superkontejneru

supercontainer preparation spaces

(5, ukladaci sekce pro vyhorelé jaderné palivo (horizontalni vrty)
spent nuclear fuel disposal section

(6, Ukladaci komory radioaktivnich odpadd
radioactive waste disposal chambers

Upadnice pro piepravu ukladacich obalovych soubor(i do podzemniho aredlu

Spent nuclear fuel and other radioactive waste will be
stored at a depth of 500m. Access to the underground
facility for DGR personnel will be via a vertical shaft
while two variants — a vertical or inclined shaft — are
being considered for the transport of the spent nuclear
fuel and other radioactive waste packages. Both variants
have their advantages, but also feature a number of risks
and disadvantages.

The space in the underground facility, the size of the
various structures required and the profile of the underg-
round workings will reflect the amount of waste and the
storage system finally selected. Individual types of waste
will be disposed of separately in concrete containers wit-
hin disposal chambers. Spent nuclear fuel can be stored
either in vertical (Holub et al., 1999) or horizontal large-
profile disposal boreholes (PospiSkova et al., 2012),
i.e. so-called supercontainers which consist of an exter-
nal “basket” made of perforated sheet steel, pre-cast ben-
tonite and the waste package itself containing the spent
nuclear fuel (see Fig. 3).

With concern to the design of the disposal sections and
individual disposal boreholes, it will be necessary to
make maximum use of the available rock mass. At the
same time, it will be necessary to respect the geological
properties of the massif (rock streamlining, rock mass
fracturing, direction of stress etc.). In addition, the spa-
cing of the waste packages within the DGR, and thus the
overall extent of the repository, will be influenced by the
heat decay of the spent fuel (see Fig. 4) which will also

Obr. 2 Technické reSeni hlubinného iloziste, referencni projekt 2012
Fig. 2 Technical design of a DGR, Reference Design 2012

Prostory v podzemi, velikost objektt, profily dalnich dél
a potfebné plochy odrédZeji mnozstvi odpadu a jejich zpusob ukla-
ddni. Jednotlivé druhy odpadi budou ukldddny oddélené, radioak-
tivni odpady v betonkontejnerech do uklddacich komor, vyhorelé
jaderné palivo muZe byt ukladdno vertikdlné do Sachet (Holub et
al., 1999) nebo horizontdlné do velkoprofilovych uklddacich vrta
(Pospiskova et al., 2012), v tzv. superkontejneru.
Superkontejner je sloZen z vnéjsiho koSe z perforované
oceli, bentonitovych prefabrikdtu a vlastniho uklddaciho
obalového souboru s vyhofelym jadernym palivem
(obr. 3).

Pfi ndvrhu uklddacich sekci vyhofelého jaderného
paliva i jednotlivych uklddacich vrtd musi byt
v maximalni mife efektivné vyuZit dostupny horninovy
masiv. Zdroven musi byt respektovany geologické vlast-
nosti masivu (usmérnéni horniny, rozpukdni masivu,
smér pasobeni napéti apod.). Na rozmisténi obalovych
soubort v hlubinném tloZisti, a tim také celkovou veli-
kost tlozisté bude mit vliv zbytkovy tepelny vykon ulo-
Zeného paliva (obr. 4). Je to ddno pouzitym konceptem
feSeni a pouzitymi materidly. Patrné nejvice omezujici
podminkou celého systému je teplota 100 °C, pii které
muZe dojit k degradaci jeho majoritni sloZky, montmo-
rillonitu, kterd je hlavnim nositelem bezpecnostnich
funkci bentonitu, tj. pfedevs§im jeho schopnosti tlumit
napéti prfi tekto-seismickych udélostech, branit advek-

have an effect on the materials employed in the vicinity
of the waste packages. A temperature of 100°C could
lead to the partial degradation of the bentonite, (mont-
morillonite) the function of which will be to ensure the
overall safety of the disposal system through its capacity to
attenuate the stresses created during tecto-seismic events, to
prevent advective water flow to the waste packages and to
reduce the velocity of the migration of the radionuclides relea-
sed from damaged waste packages (Paces, Miksova, 2013).

tivnimu toku vody k obalovym souboram a zpomalovat
migraci radionuklidi uvolnénych z poskozenych obalo-
vych soubort (Pales, MikSovd, 2013).

Pri projektovani dloZnych vrti je nutno po&itat s tim,
7e geologické podminky nedovoli s nejvétsi pravdépo-
dobnosti dodrZet standardni zpusob ukladdni v celé
délce vrtu. Ulozné vrty se mohou kfiZit s fadou puklin,
porusenych pdsem a dalSich litologickych nehomogenit.

ukladaci obalovy soubor — container
bentonitové prefabrikaty — pre-cast bentonite elements

external basket from perforated steel sheet
(4, hostitelskd hornina — host rock

Obr. 3 Superkontejner v itloZném vrtu, referencni projekt 2012
Fig. 3 Supercontainer in a disposal borehole, Reference Design 2012




1) horizontalni ukladaci vrty — horizontal disposal boreholes
'2) manipulaéni nika — handling niche
'3) hostitelska hornina — host rock
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As far as the design of the disposal
boreholes is concerned, it will be
necessary to take into consideration
that the geological conditions will
most probably not allow for adhering
to the standard storage system along
the whole of the borehole. It is pos-
sible that disposal boreholes will
cross numerous fissures, weakness
zones and other lithological inhomo-
geneities, the occurrence of which
will be documented in detail and the
relative importance of which will be
assessed in accordance with a pre-
determined system which will provi-
de for the elimination or mitigation
of the impact of such inhomogeneiti-
es on the disposal process. Simple
solutions will consist of injecting
a grouting mix into the fissures and
weakness zones during drilling ope-
rations. The materials used for grou-
ting must be selected so that indivi-
dual elements of the engineered bar-
riers will not have a mutually negati-
ve influence. More serious inhomo-

Obr. 4 Detail uspordddni iiloZnych vrtu, referenéni projekt 2012
Fig. 4 Detail of the layout of disposal wells, Reference Design 2012

Vyskyt téchto nehomogenit bude vzdy dokumentovdn, jejich
zdvaznost bude vyhodnocovina podle predem prijatého systému
a ndsledné budou pfijimdna opatreni k eliminaci nebo zmirnén{
vlivu nehomogenit na proces ukladani. Jednodussi opatreni
mohou spocivat v injektovani puklin nebo porusenych zén ruzny-
mi injektaZnimi roztoky. Porusené zény budou ziejme sanovéany
jiz v prubéhu vrtani pomoci injektdZnich smési. Pouzité materidly
musi byt vybrdny tak, aby nedoslo k vzdjemnému negativnimu
ovlivnéni jednotlivych slozek inZenyrskych bariér. Zavaznéjsi
nehomogenity (zejména zvodnélé pukliny) bude nutné z prostoru
pro uklddani vylou&it. K oddéleni nevhodnych tseku vrti budou
pouzivany oddélovaci zatky. Mezi zatkami tak vnikne dsek vrtu,
kde nebude uloZen zadny superkontejner a tento usek bude vypl-
nén bentonitem.

Ulozné vrty kruhového priifezu budou hloubeny z pateinich
dopravnich chodeb technologii velkopramérového vrtani. Pfi
standardnim zpusobu uklddéni pfedpokldddme, Ze k Celu vrtu
budou zasunuty dva unifikované distan¢ni bloky a 500 mm a poté
prvni superkontejner. Pfed uloZenim dal$iho bude zasunut pfislus-
ny polet distanénich bentonitovych bloku. Jejich mnoZzstvi zavisi
na charakteristikich ukladaného paliva. Po uloZeni posledniho
superkontejneru budou vlozeny dalsi distancni bloky a vrt bude
uzavien betonovou zdatkou. Navrhem zatky a testovanim jejich
parametra se zabyva evropsky projekt DOPAS.

Podzemni areal hlubinného tloZi§té budou tvofit rizné typy
dulnich dél — jamy, kominy, dklonné chodby, horizontélni chodby,
kaverny i chodby malych prafezi. Volba vhodného technologic-
kého postupu bude ovlivnéna nejen typem dalniho dila, ale téZ
kvalitou horninového masivu, zejména jeho rozpukdnim, homo-
genitou a mocnosti nadlozi. Velmi ruznorodé budou rovnéz
nésledné stavebni tpravy v téchto objektech, zdvisejici na jejich
ucelu.

Z hlediska miry zaji§téni vyrubu budou dualni dila rozdélena na
dila zajisténd primarnim a sekunddrnim osténim a dila
s primarnim osténim, pfip. bez vyztuze. DuleZité je v uklddacim
horizontu a jeho blizkosti nepouZivat riznorodé materidly, zejmé-
na takové, ze kterych by se mohly do podzemni vody uvoliiovat

geneities (mainly saturated fissures)
will be isolated from the disposal
boreholes by means of separation
plugs, the space between which will be filled with concrete
thus ensuring that no waste material is disposed of in unstable
rock conditions.

Disposal boreholes with a circular cross-section will be
bored from main transport galleries using large-diameter
boring equipment. According to the standard disposal method,
two bentonite blocks of unified distance will be inserted into
each borehole with a spacing of 500mm which will be followed
by the insertion of the first supercontainer. The relevant num-
ber of distance blocks will then be inserted followed by the
second supercontainer. The number of supercontainers will
depend on the characteristics of the spent fuel disposed of.
Once the final supercontainer has been emplaced, another
distance block will be inserted and the borehole closed by
means of a concrete plug. The design of such plugs and the
detailed testing of their parameters are currently being addres-
sed by the European DOPAS project.

The underground facility of the DGR will consist of several
different types of mine workings — shafts, raises, dip entries,
horizontal galleries, caverns and small cross-sectional galleri-
es. The selection of the technological procedures will be influ-
enced not only by the type of mine working, but also by the
quality of the rock mass, i.e. fracturing, homogeneity and
height of the overburden which will mean that the subsequent
construction work will be very diverse.

The underground tunnels will be supported using primary
and secondary linings, primary linings only or may have no
support depending on local conditions. It will be important that
no materials be used in the vicinity of the disposal system
which might allow the release of substances into the ground-
water thereby unfavourably affecting the sealing function of
the bentonite or even the migration of radionuclides via the
aqueous medium. The most important material in this respect is
concrete, the high pH pore water contained in which could
unfavourably affect the safety-related functions of the bentoni-
te sealant. If necessary, a steel mesh fixed in place by rock
bolts will be fitted to provide support for the excavation of the



23. rocnik - €. 272014

specie nepftiznivé ovlivnujici tésnici funkci bentonitu nebo migra-
ci radionuklidi vodnym prostiedim. Jde predevsim o beton, jehoZ
pérové vody o vysokém pH mohou nepfiznivé ovlivnit bezpec-
nostni funkci bentonitu. V pripadé potreby budou pfi zajistovani
ostén{ zavazecich chodeb k sekcim preferovany ocelové sité ukot-
vené svorniky. T€Zz8i druhy vyztuZe budou vyuzivany vyjimecne,
napriklad prfi prekondvani poruchovych pdsem, puklin nebo
zlomu.

Vzhledem k mnoZstvi uklddaného odpadu, jeho podminkdm
prijatelnosti a provozovanym technologiim muZe byt tdlozisté
v provozu az 90 let. Proto se predpoklddd, Ze vystavba a vlastni
provoz hlubinného dlozi$t€ budou probihat v nékolika ¢asovych
etapdch. Nejprve priprava a vystavba podzemni laboratoie
a nésledné technického zdzemi nadzemniho i podzemniho areélu
a dloznych prostor hlubinného tlozisté, kdy budou probihat pouze
Cinnosti stavebniho a dalniho charakteru. V ramci vystavby bude
vyraZena a pripravena pro piijem vyhorelého jaderného paliva
jedna sekce. V dalsi etapé, po zahdjeni provozu udloZisté, budou
probihat zejména <&innosti spojené s ukldddnim odpadu
a ndslednym ut€snovanim zaplnénych tloznych prostor. Razba
dalsich uklddacich sekci bude probihat postupné. Ukladaci pro-
story budou pripravovany bezprostiedné pred jejich vyuZzitim,
zejména z duvodu ochrany masivu pfed zvétrdvanim
a nepriznivymi dopady vyplyvajicimi z tvorby zény sniZenych
napéti v okoli vyrubanych dualnich dél. V poslednim &asovém
obdobi provozu hlubinného ulozi§té se budou provadét Cinnosti
spojené s uklddanim odpadu a vyhotelého jaderného paliva, veet-
né utésnovani zaplnénych dloznych prostor, a pfipravné Cinnosti
k ukon&eni provozu tdlozisté.

4 ZAVER

Priprava projektu hlubinného tdloZisté je dlouhodoby iterativni
proces, ktery je v soucasnosti zatiZen radou nejistot. Nejde jenom
o nejistoty plynouci z faktu, Ze zatim nejsou k dispozici konkrét-
ni data z vybrané lokality, ale i o nejistoty, které ovliviuji vlastni
technické reSeni, souvisejici nejen s technickym vyvojem, ale pre-
dev&im se zménou socidlnich a ekonomickych poméra ve spole¢-
nosti a upravou legislativniho rdmce.

Vzhledem k tomu, Ze technické feSeni je navrZzeno modulove,
coZ umoznuje postupovat pii optimalizaci technického feSeni do
jisté miry nezévisle, je mozné se soustredit na oblasti, které nejvi-
ce ovlivni provozni a dlouhodobou bezpecnost hlubinného tlozis-
té. Je to napriklad optimalni feSeni podzemniho aredlu nebo pro-
pojeni povrchového a podzemniho aredlu, feSeni preklddaciho
uzlu, atd.

Vysledné technické feSeni vznikne na zdklad€ porovndvani jed-
notlivych moZnych feseni, pfi¢emz bude pouzita kombinace nej-
vyhodnéjsiho feSeni jednotlivych modula. Vysledné feSeni musi
byt technicky proveditelné, bezpe¢né a zdroven ekonomicky pri-
jatelné.

ING. ILONA POSPISKOVA, pospiskova@surao.cz,
SURAO
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4 CONCLUSION

The development of a DGR will be a long-term iterative pro-
cess burdened by a number of uncertainties issuing not only
from the fact that no specific data on the selected locality is yet
available, but also from the technical design of the DGR inclu-
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The final technical design of the DGR will be the result of
the comparison of individual potential solutions, using
a combination of the most advantageous solutions for individu-
al modules thus leading to the construction of a repository
which is technically viable, safe and acceptable in terms of
cost.
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BUDOVANI PODZEMNIHO VYZKUMNEHO PRACOVISTE BUKOV

DEVELOPMENT OF THE BUKOV UNDERGROUND
RESEARCH FACILITY

MARKETA DVORAKOVA, MAREK VENCL, PETR KRIZ

ABSTRAKT

Projekt vystavby Podzemniho vyzkumného pracovisté Bukov, ktery byl zahdjen v roce 2013, je zameren na vybudovdni dila v prostredi Ceské-
ho krystalinika, k ové¥eni chovdni horninového masivu pro potreby vyzkumu a vyvoje hlubinného wloZisté radioaktivnich odpadii v Ceské repub-
lice. Projekt je realizovdn v jiZnim kridle uranového loZiska Roznd v kraji Vysocina v geologicky velmi dobre zmapované oblasti strdZeckého mol-
danubika, které je prevdzné tvoreno migmatitizovanymi pararulami a granulity. NavrZend podoba pracovisté koresponduje s poZadavky danymi
projektovym reSenim samotného budouctho hlubinného uloZisté. Na technické FeSeni pracovisté jsou kladeny vysoké ndroky zejména na kvalitu

vyrubu a provedeni hladkého vylomu v oblastech, kde jsou pldnovdny dalsi vyzkumné prdce a experimenty. Podzemni pracoviste Bukov, se vSemi
vyzkumnymi cinnostmi, bude plné uvedeno do provozu v druhé polovine roku 2015.

ABSTRACT

The Bukov Underground Research Facility development project, which commenced in 2013, concerns the construction of an underground faci-
lity in a Czech crystalline rock complex for the verification of the behaviour of rock masses in terms of the requirements of research and deve-
lopment into the construction of a Czech deep geological repository (DGR) for radioactive waste. The facility is being built in the southern wing
of the RoZnd uranium complex in the Vysocina (Highlands) region of the Czech Republic in a geologically well-mapped area of the StrdZec
Moldanubic formation which is mostly made up of migmatitised paragneiss and granulites. The design of the facility corresponds to the require-
ments of a future DGR. The technical design of the facility had to respect a number of specific demands primarily regarding the quality of the
excavation work particularly in those parts of the facility where it is planned that research work and experiments will be conducted. The Bukov

underground facility will be fully commissioned in the second half of 2015 whereupon research activities will commence immediately.

ovob

Spréva dlozist radioaktivnich odpadd (SURAO) v lofiském roce
zahdjila prostfednictvim svého dodavatele DIAMO, s. p., odstépny za-
vod GEAM, projekt vystavby Podzemniho vyzkumného pracoviste
Bukov (PVP Bukov). Jeho hlavnim cilem je charakterizace horninové-
ho masivu v hloubkdch 500-900 m pod povrchem v krystalinickych
hornindch Ceského masivu pro potieby vyzkumu umisténi hlubinného
tiloZité radioaktivnich odpada (HU) v Ceské republice.

V PVP Bukov budou v nékolika ndsledujicich letech provddény
préce v oblasti geologie, hydrogeologie, geotechniky atd., které pomo-
hou ziskat detailni poznatky o vyuzitelnosti metod charakterizace hor-
ninového prostiedi v hloubkdch odpovidajicich ofekdvanym podmin-
kdm uloZen{ vyhorelého jaderného paliva a vysokoaktivnich odpadu.

Vyzkumné pracovisté je navrZeno tak, aby co nejlépe simulovalo pro-
stiedi budouciho HU. Projekt byl inspirovén vystavbou podzemnich labo-
ratoif v krystalinickych hornindch ve §védském Aspo (Anderson, 2007)
a Svycarském Grimselu (Bradbury, 1989). Zavére¢ny navrh pak prede-
vsim respektuje aktudlni poZadavky na tvar i objem vyrubu vychazejicich
z Aktualizace referencniho projektu 2011 (PospiSkov4 et al., 2012).

UMISTENI PVP BUKOV

K umisténi podzemniho vyzkumného pracovisté byla vybrana lokalita
v blizkosti jadmy Bukov (B1) nachdzejici se v katastralnim tizemi obce
Bukov, v okrese Zd#r nad Sézavou v kraji Vyso&ina. Toto dilo se nachdzi
v jiznim kiidle uranového loZiska Roznd. PVP Bukov je situovano 300 m
od téznf jamy Bukov na 12. patre, cca 520 m pod zemskym povrchem.

Jama Bukov nabizi fadu moznosti pro detailni hydrogeologicky, geo-
logicky, geotechnicky a geochemicky vyzkum v oblasti hlubinného
uklddéni. V lokalité jsou vyfeSeny zédsadni stfety zdjmu, protoZe md
jasné uréeného vlastnika, ktery ma povoleni pro provddéni hornickych
¢innosti, a pracovisté je budovano v dobyvacim prostoru Roznd (obr. 1).
Nachdzi se v blizkosti potencidlni lokality pro hlubinné dlozisté (lokali-
ta Kravi hora) a dfive zde jiz byla provedena fada vyzkumnych praci
(geologické mapovéni, povrchova geofyzika, hydrogeologicky pru-
zkum). Je zde také moZnost ovérit data ziskdvand z povrchu testovanim
v redlné hloubce dlozisté (nékolik set metri pod zemskym povrchem).

INTRODUCTION

Last year the Radioactive Waste Repository Authority
(SURAO) commissioned the construction of the Bukov
Underground Research Facility (Bukov URF) by the main supp-
lier DIAMO (GEAM branch). The main objective of the project
is to characterise the local rock mass at depths of 500-900m
below the earth’s surface in crystalline rock which makes up the
Bohemian Massif for the needs of research into the siting of
a repository for radioactive waste (DGR) in the Czech Republic.

Work at the Bukov URF over the next few years will involve
the areas of geology, hydrogeology and geotechnics. It is hoped
that the research will assist in obtaining detailed knowledge
regarding the use of rock environment characterisation methods
for the disposal of spent nuclear fuel and high-level waste at
depths corresponding to those envisaged for the construction of
the DGR.

The design of the facility is intended to simulate as much as
possible the environment of the future DGR and was inspired by
the construction of underground laboratories in crystalline rock
in Aspi)’, Sweden (Anderson, 2007) and Grimsel, Switzerland
(Bradbury, 1989). The final design fully respects current require-
ments in terms of geometry and the volume of excavation set out
in the Updating of the reference design (Pospiskova et al., 2012).

BUKOV URF LOCATION

A site close to the Bukov (B1) Shaft in the cadastral district of
the village of Bukov near Zdir nad Sdzavou in the Vyso&ina regi-
on was selected for the construction of the underground research
facility. The site is located in the southern wing of the Rozna ura-
nium deposit some 300m from the Bukov mine at level 12 around
520m beneath the earth’s surface.

The Bukov site offers a wide range of options in terms of the
detailed study of hydrogeological, geological, geotechnical and
geochemical conditions in connection with deep geological nuc-
lear waste disposal. A significant advantage of the site lies in
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Surf &. 13 — exploration working No. 13

Surf €. 11 — exploration working No. 11
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Obr. 1 Schéma otvirky loZiska Roznd s lokalizaci PVP Bukov

Fig. 1 Chart of the opening of the Roznd deposit in the location of the Bukov URW

V neposledni fad¢ je pro celé dulni dilo dolu RoZn4 I, a tim i pro navr-
hované vyzkumné podzemni pracovisté, stanoveno kontrolované pasmo
pro praci v prostfedi s ionizujicim zafenim, coz umozni provadeét tran-
sportni experimenty, migrace, sorpce.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Z geologického hlediska se podzemn{ vyzkumné pracovisté Bukov
nachdzi ve strazeckém moldanubiku, které je pfevazné tvoreno migma-
titizovanymi pararulami, migmatity, ortorulami a granulity s hojnymi
polohami amfiboliti, mramort a kvarciti. Horniny moldanubika jsou
na této lokalit¢ hodnoceny jako nepropustné, blizsi hodnoty hydraulic-
ké vodivosti hornin v lokalité jsou v rozsahu 5.1071% m/s a7 1.10"12 m/s.
Mira propustnosti hornin krystalinika, mimo zénu zvétravani, zavisi
hlavné na Cetnosti a uzavreni puklin a dislokaci, které maji v oblasti
prevdzné severozdpadni prubéh. Ondiik et al. (2010c) uvadi, Ze za nej-
vice propustné se oznaluji pri¢né a diagondlni dislokace, zatimco smér-
né dislokace pusobi diky sekundérnimu vyplnéni fylosilikéty jako
témér nepropustné bariéry pro proudéni podzemnich vod. Vysledky
chemickych analyz a pH Cerpanych dilnich vod z jamy J-B1 odebra-
nych na dekontaminaéni stanici Bukov (odbéry v obdobi 1970 az 1985)
jsou uvedeny v tabulce 1. V oblasti se vyskytuje zejména Ca—SOy4 typ
podzemnich vod o nizké (do 0,3 g/l) az stredni (0,3-1,0 g/1) kategorii
mineralizace (Ondrik, 2010c).

V tinoru roku 2013 byl na lozisku Rozn4, J-R3, 21. patro, rozrazka
GR2-XXI, vrt V-13 (150 m, vydatnost 0,4 1/min) odebran vzorek vody
za Uelem stanoveni stari a izotopového sloZeni. Pro analyzu bylo naji-
méno 100 1 dulni vody, kterd musela byt fedéna z duvodu nizkého obsa-
hu uhliku. Analyza aktivity '“C a *H byla provedena na UK PiF, Usta-
vu hydrogeologie, inZzenyrské geologie a uzité geofyziky, interpretace
vysledka provedl Dr. Bruthans. Aktivita *H a tritia byla zji§téna pomo-
cf kapalinového scintilacniho spektrometru Tri Carb 3170, do kterého
byl vloZen elektrolyticky obohaceny vzorek vody (250 ml). Stabilni
izotopy 0'%0 a oD byly méfeny v laboratofi stabilnich izotopti (CGS,
Oddeleni rebilanci zdsob podzemnich vod). Méreni bylo provedeno
pomoci laserové spektroskopie na piistroji LWIA (Liquid Water
Isotope Analyser) od firmy LGR (Los Gatos Research, Inc.).
Koncentrace izotopu jsou relativizovany ke standardu V-SMOW
(Vienna Standard Mean Ocean Water). Hodnota 6'%0 je —11,6 %o a 6D

there being no unsolved fundamental conflicts of interest since
the mining complex has one clearly defined owner who is autho-
rised to conduct mining activities. The facility is being construc-
ted in the RoZnd working district (see Fig. 1) which is close to
one of the localities being considered for the potential construc-
tion of the Czech DGR (the Kravi Hora locality). A large number
of research projects have already been conducted at this locality
(geological mapping, surface geophysics, hydrogeological inves-
tigation). Importantly, it is possible at this location to verify data
obtained from the surface by testing at real repository depth
(several hundred meters below the surface). In addition, the enti-
re Roznd I mine complex has been granted the status of
a controlled zone for working in an environment with ionising
radiation, including the underground research facility. Therefore,
it will be possible to conduct transport experiments focusing on
radionuclide migration and sorption.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

From the geological point of view, the Bukov Underground
Research Facility is located in the StraZec Moldanubic formation
which is made up principally of migmatitised paragneiss, mig-
matites, orthogneiss and granulites with numerous intrusions of
amphibolites, marbles and quartzites. The Moldanubic Formation
rock types in this area have been classified as impermeable; valu-
es of rock hydraulic conductivity range from 5.10'%m/s to
1.10"12m/s. The permeability rate of crystalline rocks, with the
exception of the weathering zone, depends primarily on the fre-
quency and aperture of fissures and dislocations, which exhibit
a predominantly north-western trend. Ondfik et al. (2010c) states
that transverse and diagonal dislocations are most permeable
whilst directional dislocations behave, owing to their secondary
filling with phylosilicates, as barriers which are almost comple-
tely impermeable with regard to groundwater flow. The results of
chemical analysis and the pH value of mine water pumped from
mine shaft J-B1 sampled at the Bukov decontamination station
(sampling during the period 1970-1985) are presented in Table 1.




Tabulka 1 Chemismus dulnich vod z obdobi 1970 aZ 1985 (Grmela a kol., 2012)
Table 1 Chemism of mine water in the 1970 - 1985 period (Grmela et al., 2012)
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The area features mainly Ca-SOy4 type
groundwater with low (up to 0.3g/L) to medi-

Parametr DS R1 jma J-5 DS Bukov um g0.3—1 0g/L) category mineralisation
Parameter (Rozsochy) DS Bukov (Ondrik, 2010c).
schaft J-5 In February 2013, a water sample was taken
jama J-1 jamy J2aJ-3 | (Rozsochy) jama J-B1 at the RoZznd deposit, J-R3, level 21, gallery
schaft J-1 schaft J-2 and J-3 schaft J-B1 niche GR2-XXI, borehole V-13 (150m long,
yield of 0.41/min) intended for the determina-
pH &) 6,5-8,0 6,5-7.7 6,6-68 6,5-6,9 tion of age and isotope composition. 100 lit-
. o i i i _ res of mine water was collected for analysis
alkalita / alkalinity | (mvalfl) 2,7-31 23-34 22-32 21-32 purposes which had to be diluted because of
tvrdost celkova (mval/l) 6,9-10,1 34-10,1 44-6,7 1,8-27 the low carbon content. '4C and 3H activity
total hardness analysis was carried out at the Faculty of
odparek 105°C | (mgl) | 730-950 880-1150 | 900-1180 | 850- 1260 Natural Sciences, Charles University, In-
vaporate 105 °C stitute of Hydrogeology, Engineering Geo-
T logy and Applied Geophysics and the results
Ca (mg/l) 100,2 - 138,2 114,2 - 360,7 50,1-113,1 30,1-36,8 were subsequently interpreted by Dr. Brut-
Mg2+ (mg/l) 23,1-389 352 -535 23,1- 446 36-146 hans. The activity of *H and tritium was
determined using a Tri Carb 3170 liquid scin-
Fecelk. (mg/) 02-65 12-367 50-186 0,7-130 tillation spectrometer with an electrolytically
M (mgl) | stopy/traces | 0,0-03 stopy /traces | stopy / traces enriched sample of water (250ml) added.
Stable isotopes ¢80 and oD were measured
cr (mgf) 24,1-167,1 49,6-1028 23,7-615 142-372 at the Laboratory for Stable Isotopes (Czech
S0 (mg/) 181,8-12655 | 396,3-16089 | 856-9489 | 757-11253 Geological Survey, Department of the
o Rebalancing of Groundwater Stocks). Mea-
NO (mg/) 04-18 84,0-110,0 14-765 10-860 surement was carried out using laser spect-
C0» (mg/l) 81,0-99,0 57,2-75,0 63,0-118,3 51,0- 99,0 roscopy techniques on LWIA (Liquid Water
= Isotope Analyser) equipment manufactured
HCO3 (mg/l) 164,7 - 201,3 152,5 - 325,1 146,4-2856 | 915-1952 by LGR Inc. (Los Gatos Research Inc.). The
0» (mg/l) 82-96 46-104 10,1- 15,3 7,7-105 concentrations of isotopes were relativised to
the V-SMOW (Vienna Standard Mean Ocean
U (mgh) 00-38 00-26 00-165 00-184 Water) standard. The value of o'80 was
26Ra (Bgy/m?) | 0,0-520 0,0 - 745 0,0-930 0,0 - 300 determined at —11.6%0 and that of oD at

je —82,1 %o, coZ naznacuje pritomnost prevazne ¢asti vody infiltrované

vy o

za niz8i prumérné ro¢ni teploty neZ v soucasnosti — tedy pravdépodob-
né v minulém glacidlu (Vencl et al., 2014).
K vyhodnoceni radiouhlikového stdfi podzemni vody byly vyuZity

dva razné pristupy:

1. Mookav model (1980) v programu SAGE .exe pro radiouhlikové
datovdni podzemnich vod. Model poskytuje dobré vysledky
v oblastech, ve kterych nejsou ve vyrazné mife zastoupeny karbo-
natové minerdly (Mook, 1980), coZ je i pripad dolu RoZinka. Staf{

podle tohoto modelu je 17 tis. let.

2. Za predpokladu pocate¢ni aktivity radiouhliku rovné 85 % pmc
(procent moderniho uhliku) vychézi radiouhlikové stdii vody na
21 tis. let. Takto vypoctené stafi odpovida metodice prof. Silara.

Radiouhlikové datovéni vzorku ukézalo, Ze se predbéZzné konvené-

ni staif studované vody pohybuje okolo 22 tis. let. Pro zkoumanou
vodu je typickd velmi nizkd aktivita tritia, tésné nad pozadim, kterd
naznacuje, Ze je ve vzorku zastoupena i mald primés (do cca 20 %)
vody s dobou zdrZzeni v fddu n€kolika desitek let. Odebrand voda
z loziska RoZznd (minoritni typ Na-HCO; s nizkym obsahem Mg)
vykazuje charakteristické rysy, jaké mivaji vody, které jsou dlouhou
dobu vystaveny styku s granitoidy nebo jejich metamorfnimi ekviva-
lenty. Diky vzdjemnym interakcim dochdzi k uvolnéni Na* a HCOjy
(pravdépodobné ze Zivcu a jinych akcesorickych minerdlt), naopak
kationty jako Mg>* a H* jsou poutdny do nové vznikajicich fazi
(zejména fylosilikdtu), ¢imz dojde k typickému zvySeni pH.
Studovand vody méla pH 9,8. Na zdkladé dostupnych informaci 1ze
usuzovat, 7e se jednd z velké &asti o predholocenni podzemni vodu,
kterd prosla typickou proménou prfi dlouhém styku s tektosilikdty
a kterd zfejmé obsahuje malou &ést aktivné proudici vody o dobé zdr-
Zeni jen v fadu desitek let (Vencl et al., 2014).

TECHNICKE RESENI

Technické feSeni celého podzemniho pracovisté bylo navrZeno
v souladu s pozadavky SUJB (Stitni tifad pro jadernou bezpe¢nost) pro
potfeby budoucich vyzkumnych ¢innosti, zejm. na provedeni hladkého

—82.1%0 which indicates the presence of
mostly infiltrated water beneath an average
annual temperature lower than at present — probably from the
last glacial period (Vencl et al., 2014).

The following two different approaches were applied to the
assessment of the radiocarbon age of the groundwater:

1. Mook model (1980) in the SAGE .exe program for the radi-
ocarbon dating of groundwater. The model provides good
results in those areas in which carbonate minerals are not
present at a significant level (Mook, 1980) which is the
case of the RoZinka Mine. According to this model, the age
is 17 thousand years.

2. Under the assumption of an initial activity level of radio-
carbon equal to 85% pmc (per cent of modern carbon), the
resultant radiocarbon age of the water was determined at 21
thousand years. The age calculated in this way corresponds
to Prof. Silar’s methodology.

The radiocarbon dating of the sample proved that the prelimi-
nary conventional age of the water studied fluctuates at around
22 thousand years. The very low activity level of tritium, just
above background level, is typical for the water under examina-
tion. It indicates that even a small admixture (up to circa 20%)
of water with a residence time in the order of several tens of
years is present in the sample. The water sampled from the
RoZn4 deposit (minor Na-HCO; type with a low content of Mg)
exhibits features characteristic of water which has been exposed
to contact with granitoids or their metamorphic equivalents over
a long period of time. Owing to interactions, Na* and HCOj;™ are
released (probably from feldspar and other accessory minerals);
conversely, cations such as Mg?* and H* are bound into newly
originating phases (most of all phyllosilicates) which typically
causes an increase in the pH value. The water studied had a pH
value of 9.8. It is therefore reasonable to state on the basis of the
information available that a high proportion of the groundwater
is of pre-Holocene age, that it underwent typical transformation
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during long-term contact with tectosilicates and
that it probably contains a small proportion of acti-
vely flowing water with a residence time in the
order of tens of years (Vencl et al., 2014).

TECHNICAL DESIGN

The technical design of the underground facility
was drawn up, in compliance with the requirements
of the State Office for Nuclear Safety (SUJB), to
suit the requirements of future research activities,

__’ZI'_.,---" primarily with regard to the smoothest possible

excavation techniques with the smallest excavation
disturbed zone (EDZ) possible, which will be con-
ducted at the facility once the initial excavation
work is completed. The underground area consists
of a 300m long connecting cross gallery with
a profile of 9.2m? leading from the B1shaft, and the
underground facility itself which consists of a 45m
long large-profile chamber with a cross-sectional
area of 29.7m2 and a system of gallery niches with
a total length of 35m and a profile of 9.2m? (see Fig.
2). In addition, a number of drilling and laboratory
chambers are regularly distributed throughout the
underground complex.

Rock bolts will be used to provide support for the
underground sections with yieldable TH arches in
areas with more complicated geological conditions.

A shovel loader was designed for the loading of

Obr. 2 Schematickd situace Podzemniho vyzkumného pracovist¢ BUKOV
Fig. 2 Schematic layout of the BUKOV Underground Research Facility

vylomu s minimalizaci zény EDZ (Excavation Disturbed Zone), které
zde budou po jeho dokonceni realizovany. Podzemni dilo se sklada
2300 m dlouhého spojovaciho piekopu razeného v profilu 9.2 m* vede-
ného od jdmy B1 a samotného podzemniho pracovisté skladajiciho se
ze 45 m dlouhého velkoprofilového dila s razenym profilem 29,7 m’
a na néj navazujici systém rozrazek o celkové délce 35 m v profilu
9,2 m? (obr. 2). V oblasti podzemniho pracovisté jsou také pravidelng
rozmistény vrtné a laboratorni komory.

Pro celé dilo je prevazné navrZeno vyztuZeni svornikovou vyztuzi
a v mistech se zhorSenou geologickou situaci je projektovana ocelova
obloukovéd TH vyztuz.

Technologie odtéZeni rozpojené horniny byla navrZena lZicovym
nakladagem do vozii JDV 0,65 m. Dle pak v tirovni 12. patra kolejo-
vou dopravou k jamé B1, nebo jame R1 a odtud na povrch. Vétrani pra-
covisté je zajisténo separdtnim kombinovanym vétranim pomoci hlav-
niho sactho lutnového tahu.

AKTUALNI POSTUP RAZBY

Pfipravné prdce na dile byly zahdjeny v ¢ervnu roku 2013. Béhem
techto praci byla obnovena dopravni cesta mezi téZni jamou R-7S dolu
Roznd a jamou Bukov (B1). V rdmci téchto praci byla provedena
vyména koleji, praZcu, obnova odvodiiovaci strouhy a vyména tlako-
vého potrubi vzduchu a rozvodu vody. U jamy Bukov bylo provedeno
prelozeni kabela a potrubf v misté budouciho kifZeni s prekopem.

Vlastni razba byla zahdjena v poloviné mésice zari, kdy byl nastielen
piekop BZ-XIIJ (obr. 2). Uvodnich 10 m bylo vyrazeno v profilu
10,2 m? s ocelovou TH vyztuzi. Do konce roku 2013 bylo vyraZeno cel-
kem 140 m spojovaciho prekopu BZ-XIIJ. Interval mezi 10 a 140 m ma
razeny profil 9,2 m? (obr. 3). Do stanic¢eni 108 m byla pouZita ocelova
TH obloukové vyztuZ se zapaZenim stropu a bokd vInitym plechem
nebo tahokovem. Volné prostory byly vyplnény dfevénou kulatinou.
Od staniceni 108 m do 250 m je do Celby aplikovana svornikova vyztuz
se zapaZenim stropu a &dsti boka tahokovem &i pletivem a v oblastech
se zhorSenou geologickou situaci (napt. mylonitové poruchové pasmo)
je opét aplikovana ocelova obloukova TH vyztuz (obr. 4).

Ve stanieni 240 m spojovaciho prekopu BZ-XIIJ bude vyraZena
vrtnd komora ViK1, ze které bude odvrtdn 150 m dlouhy jadrovy vrt,

excavated material on to JDV 0.65m3 vehicles. The

transport of the material was by rail vehicles to shaft

B1 or shaft R1 at level 12 from where the JDV
vehicles removed the material to the surface via the access shafts.
Ventilation is provided by a separate combined system which
operates via the main ventilation duct.

CURRENT PROGRESS OF EXCAVATION

Preparation work commenced in June 2013 at which time the
transport route between the R-7S shaft of the RoZznd Mine and the
Bukov (B1) Shaft was renewed involving the replacement of rails
and sleepers, the renewal of a drainage ditch and the replacement
of a pressurised air pipeline and water distribution pipes. The
cables and pipeline were relocated in the Bukov shaft at the futu-
re intersection with the cross gallery.

Excavation work proper commenced in the middle of
September with the blasting of cross gallery BZ-XIIJ (see Fig. 2).

Obr. 3 Prekop BZ-XI11], provizorni ochrana stropu
Fig. 3 Cross gallery BZ-XI11], securing excavation with advance support




Obr. 4 Prekop BZ-XI1], prechod ze svornikové vyztuze na TH vyztuZ v pro-
cesu odteZovani horniny

Fig. 4 Cross gallery BZ-X11], transition from rock bolt support to TH yiel-
dable arches during the excavation process

pruméru 76 mm, vedeny kolmo na predpoklddané geologické struktu-
ry, jehoZ déelem je detailné zpresnit geologickou situaci na styku amfi-
bolitt s migmatitizovanymi biotitickymi rulami. Dal§{ vrt pruméru
76 mm bude realizovdn ve stani¢eni 250 m ve sméru razby prekopu
v délce 60 m a nasledné ve staniCeni 300 m bude odvrtdn posledni
100 m dlouhy vrt ve sméru umisténi samotného podzemniho vyzkum-
ného pracovisté. Na zdkladé vyhodnoceni téchto vrtnych praci bude
detailn¢ upresnén dalsi postup razby PVP Bukov.

VYZKUMNE PRACE

PVP Bukov je predev§im vyzkumnym pracovistém, budou se zde
proto realizovat zejména prace zametené na geogfyzikdlni méfeni, pet-
rologicky vyzkum, mineralogicky vyzkum, geochemické price a déle
stanoveni fyzikdlné-mechanickych vlastnosti hornin insitu, odvrtini
bezjddrovych vrti pro mikroseismiku, polni zkousky a geotechnicky
vyzkum. Vysledky téchto praci pak budou podkladem pro dalsi innosti
v oblasti prokdzani bezpecnosti hlubinného tloZisté.

ZAVER

Budovéni podzemniho vyzkumného pracovisté Bukov je zdsadni pro
charakterizaci horninového prostiedi pro umistén{ budouctho hlubinné-
ho tlozisté radioaktivnich odpadu v Ceské republice. Stavba je pIné pii-
zpusobena specifickym poZadavkim na dilo tohoto charakteru. Nachdz{
se v hloubce 520 m pod zemskym povrchem v prostredi krystalinickych
hornin. Vyzkum, ktery zde bude ndsledné probihat, prispéje
k detailnfmu porozuméni procest, které v dloZisti v budoucnu nastanou.
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The initial 10m was excavated with a cross-section of 10.2m?2
and with steel support. The excavation of the 140m connecting
cross gallery BZ-XI1J was completed at the end of 2013. The sec-
tion between measurement points 10m and 140m has an excava-
ted cross-sectional profile of 9.2m?2 (see Fig. 3). Steel arches with
crowns and sides braced with corrugated metal sheets or expan-
ded metal were installed up to measurement point 108m. The
empty spaces were filled with round timber. From measurement
point 108m to point 250m, rock bolt supports with crowns were
installed with some parts braced with expanded metal or mesh;
steel arches were fitted in areas with complicated geological con-
ditions (e.g. the mylonite weakness zone) (see Fig. 4).

Drilling chamber VrK1 will be excavated at measurement point
240m of connecting cross gallery BZ-XIIJ. A 150m long-cored
hole, 76mm in diameter, will be bored from the chamber perpen-
dicularly to the relevant anticipated geological structures the pur-
pose of which will be to provide detailed information on the geo-
logical situation in the contact zone between amphibolites and
migmatitised biotite schist. Another 76mm-diameter hole will be
drilled into the excavation face at the 250m measurement point in
the direction of the cross gallery with a length of 60m and, sub-
sequently, a third hole, 100m long, will be drilled in the directi-
on of the underground research complex at the 300m measure-
ment point. Subsequent work at the facility will be refined in
detail on the basis of the three drilling operations.

RESEARCH WORK

The Bukov URF is, first and foremost a research facility at
which work will be conducted focusing on geophysical measure-
ment, petrographical research, mineralogical research, geochemi-
cal work, the insitu determination of the physical-mechanical
properties of rocks, drilling for microseismic research, field tes-
ting and geotechnical research. The results will form input mate-
rial for further work concerning proving the safety of a future
deep geological repository.

CONCLUSION

The construction of the Bukov Underground Research Facility
is fundamental for the characterisation of rock masses intended
for the locating of a future radioactive waste repository in the
Czech Republic. The facility is ideally located for this purpose,
i.e. it is 520m beneath the earth’s surface in a crystalline rock
environment. The research that will be conducted at the facility
will make a significant contribution to a more detailed under-
standing of the processes that will take place in the repository
over its lifetime.
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NORSBORG - PODZEMNE DEPO METRA V STOKHOLME
NORSBORG - STOCKHOLM METRO UNDERGROUND DEPOT

PETER BALUSIK, ONDREJ VIDA, PETER FERANCIK

ABSTRAKT

Projekt podzemného depa Norsborg v Stokholme je momentdlne najvéicsim podzemnym projektom vo Svédsku. Tak rozsahom raziacich prdc
v podzemi, zloZitostou systému podzemnych kaverien, tunelov a prepojent, ako aj polohou v intravildne mestskej Casti Stokholmu je projekt
vyzvou pre organizdciu vystavby, samotné raziace prdce a v neposlednom rade i geodetickii sluzbu. Velky rozsah vrtnych, trhacich prdc a obje-
mu vyvdzanej horniny v krdtkom case a pri dodrZani vSetkych obmedzeni siivisiacich s blizkostou obytnej zony vyZaduje profesidlny pristup na
vSetkych vrovniach projektu — od investora, projektanta az po posledného tuneldra v osddke. Zdroven je projekt i stretom dvoch rozlicnych tune-
ldrskych pristupov v konfrontdcii Novej rakiiskej tunelovacej metody (NRTM) a Norskej tuneldrskej metody (NTM), preferovanej firmou
Skanska Sverige, pricom razenie prebieha podla zdsad NTM. KaZdd z tychto metod je postavend na rozdielnych zdkladoch, preto je tento stret
,, kultiir  velini zaujimavym obohatenim tak pre slovenskych, ako aj pre svédskych kolegov.

ABSTRACT

The project for the Norsborg underground depot for the Stockholm metro is currently the largest underground construction project in Sweden.
The project presents a challenge to the works organisation, the tunnelling operations themselves and the survey service in terms of both the
extent of the underground excavation work, the complexness of the system of underground caverns, tunnels and cross passages, as well as its
location within the urban area of Stockholm. The large extent of drilling and blasting work and the volume of ground to be carried from the
underground during a short period, complying with all restrictions associated with the close proximity of a residential zone, requires a profes-
sional attitude at all project levels — from the project owner and the designer to the last member of the tunnelling crew. At the same time, the
project presents a clash between two different tunnelling approaches, where the New Austrian Tunnelling Method (the NATM) is confronted
with the Norwegian Tunnelling Method (the NTM), which is preferred by Skanska Sverige, with the NTM principles being applied to the exca-
vation. Each of the methods is based on different foundations, which is the reason why this clash between “cultures” is very interesting enri-

chment for Slovak as well as Swedish colleagues.

ovob

Projekt Norsborgdepan E2 je druhym podzemnym projektom
v intraviline hlavného mesta Svédska realizovanym
za spoluprdce Skanska Sverige AB a Skanska SK a. s. — Zdvod
Tunely SK. Prvym v poradi bol projekt Norra Lanken NL11
(severny obchvat Stokholmu), o ktorom bol &ldnok v tomto
Casopise ¢. 3/2011.

Projekt NorsborgdepCn sa sklad4 z dvoch &asti:

e El — kone&na stanica Gervenej linky metra v Stokholme.
Tato Cast’je prakticky celd realizovand na povrchu a sklada
sa z budovy samotnej konecnej stanice spolu s velkym par-
kovacim domom a napojenim na infraStruktiru mestskej
Casti Norsborg.

e E2 — podzemné depo na konci Cervenej linky metra
v Stokholme, skladajtice sa z troch podzemnych lodi, ktoré
budi sldzit' na parkovanie, ddrzbu a umyvanie voznov
metra (obr. 1).

Investorom projektu je SL (AB Storstockholms Lokaltrafik =
mestskd hromadnd doprava ,,velkého* §tokholmu), cast El je
realizovand spolo¢nostou NCC a Cast' E2 spolo¢nostou Skanska
Sverige AB, Stora Project — Undermark Projekt, priCom razia-
ce a geodetické prace vykondva Skanska SK a. s. — Zdvod
Tunely SK.

OPIS PROJEKTU A POSTUP PRAC
Zéakladné parametre podzemného depa:
+ dizka razenia cca 2 900 m
e plocha vyrubu od 20 m2 — 180 m?
e parametre hlavnych kaverien:

o Huvudtvirtunnel 125-160 m? 100 m
o Uppstallningstunnel 1 160-250 m? 400 m
o Uppstallningstunnel 2 160-220 m? 300 m
o Uppstallningstunnel 3 130-170 m? 450 m
o Drifttunnel 31-220 m? 160 m

INTRODUCTION

The Norsborgdepéan E2 project is the second underground con-
struction project realised within the urban area of Stockholm, the
capital of Sweden, by Skanska Sverige AB collaborating with
SKANSKA SK a. s. — Zavod Tunely SK plant. The first in the
sequence was the Norra Linken NLI11 project (the northern
Stockholm by-pass), which was the topic of a paper published in
this journal issue No. 3/2011.

The Norsborgdepan project consists of the following two
parts:

e E1 — the terminus of the metro Red Line in Stockholm. This
part is virtually completely built on the terrain surface. It
consists of the station building itself, a large parking garage
building and the connection to the infrastructure of the
municipal district of Norsborg.

e E2 — the underground depot located at the end of the Red
Line in Stockholm, consisting of three underground bays,
which will serve to parking, maintaining and washing of
metro trains (see Fig. 1).

The project owner is SL (AB Storstockholms Lokaltrafik = the
urban mass transit company for the City of Greater Stockholm);
the contractor for the El part is NCC, whilst Skanska Sverige
AB, Stora Project - Undermark Project is the contractor for the
E2 part, with Skanska SK a.s. — Zavod Tunely SK plant carrying
out the tunnelling and survey work.

PROJECT DESCRIPTION AND WORK PROCEDURE

Basic parameters of the underground depot:

e excavation length about 2900m

e excavated cross-sectional area ranging from 20m? to 180m?
e parameters of the main caverns:

o Huvudtvirtunnel 125-160m? 100m
o Uppstallningstunnel 1 160-250m? 400m
o Uppstallningstunnel 2 160-220m? 300m
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Obr. 1 Situdcia projektu Norsborgdepdn v Stokholme
Fig. 1 Norsborgdepan project in Stockholm layout

e objem vytaZenej horniny spolu 306 000 m3

e 22 300 svornikov

e 84 000 m? strieckaného beténu

e 76 injektdZnych ddZdnikov (cca 410 t cementu)

Raziace a zaistovacie prace su realizované v zmysle tzv.
NTM s posudzovanim geoldgie podla klasifikacného systému
Q. Geologicku stavbu masivu tvoria granity a granitické ruly so
systémom diskontinuit. ObCasne sa vyskytuji i malé tdtvary
poruSenej horniny. Z hydrogeologického hladiska je masiv
suchy, vzhladom na relativne nizke nadloZie (10-30 m) sa
obcasne vyskytuju priesaky vody z povrchu cez systém diskon-
tinuit.

Postup razenia, v zmysle principov NTM, je relativne jedno-
duchy. Nosnymi operdciami st vrtno-trhacie prace, odtazba
horniny a profildcia ¢elby (strojnd a ruc¢nd). Zaistovanie profi-
lu tunela striekanym beténom s rozpylenou ocelovou vyztuzou
a svornikmi sa realizuje najskor po troch zdberoch (cca 15 m),
pokial to stav horninového masivu dovoluje, aj po 30 m. Po
obhliadke a odobreni stavu vylomu geolégom investora je
potom vylom zaistovany obvykle po 15 m tsekoch (obr. 2).

KedZe obe Casti projektu E1 a E2 sa zadali realizovat’ prak-
ticky v rovnakom cCase, bolo nutné podzemnu cast’ projektu
otvorit’ z opacnej strany cez pristupovy tunel (Arbetstunnel)
diiky 230 m (plocha vyrubu cca 60 m2). Arbetstunnel sa stal
jedinou pristupovou cestou do priestoru razenia, ¢o spolu
s priestorovo velmi obmedzenym zariadenim staveniska na
povrchu a obmedzujicimi podmienkami v sudvislosti
s blizkostou obytnej zony, vytvdra velky tlak na organizaciu
préac a koordinéciu jednotlivych operécii.

Stavba je rozdelend na spojovaci tunel (Huvudtvirtunnel),
z ktorého vychadzaji do oboch stran 3 kaverny -
Uppstillningstunnel 1, 2 a 3. Huvudtvirtunnel potom pokracu-
je do vetracieho tunela (Drifttunnel) a komunika¢ného tunela
(Komunikationstunnel), ktory vychddza na povrch a je jednym
z troch spojovacich bodov s povrchovou castou projektu.

450m
160m

o Uppstallningstunnel 3 130-170m?
o Drifttunnel 31-220m?
 aggregate excavated ground volume 306,000m?

e 22300 rockbolts

* 84,000m? of shotcrete

e 76 grouting umbrellas (about 410t of cement)

The tunnelling and excavation support operations are carried
out according to the NTM, with the geology classification accor-
ding to the Q-system. The geological structure of the massif is
formed by granites and granitic gneiss with a system of disconti-
nuities. Small formations of fractured rock occur occasionally. In
terms of hydrogeology, the massif is dry. With respect to the rela-
tively shallow overburden (10-30m), water seepage from the sur-
face through the discontinuity system occurs occasionally.

The excavation procedure following the NTM principles is
relatively simple. The main operations consist of the drill-and-
blast, mucking out and the profiling of the face (both mechani-
cal and manual). The tunnel profile support consisting of steel
fibre reinforced shotcrete and rockbolts is being installed after
three excavation rounds at the latest (about 15m), even at the
distance of 30m behind the face if the rock mass condition per-
mits. After inspecting and assessing the condition by project
owner’s geologist, the excavation is usually provided with the
support in 15m long sections (see Fig. 2).

Because of the fact that the work on the two parts of the pro-
ject, E1 and E2, commenced virtually simultaneously, it was
necessary to open the underground part of the project from the
opposite side, through a 230m long access tunnel (the
Arbetstunnel) (the excavated cross-sectional area of ca 60m?2).
The Arbetstunnel became the only access route to the heading,
which fact, together with the restricted space for construction
site facilities and the restricting conditions associated with the
proximity of the residential zone, asserts great pressure on the
organisation of work and coordination of individual operations.
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Obr. 2 Vystrojovacie triedy
Fig. 2 Excavation support classes

VSsetky tri kaverny Uppstéllningstunnel 1, 2 a 3 sa v 360° okru-
hu spdjaji a cez zdpadny a vychodny tunel vchadzaji do po-
vrchovej Casti (obr. 3, 4).

Postup razenia jednotlivych tunelov a kaverien bolo nutné
prisposobit’ naslednym prdcam na povrchovej Casti projektu
v mieste spojenia oboch Casti. Prioritou bolo vyrazit’ spojovaci
tunel a cez prvu Cast vetracieho tunela a komunikac¢ny tunel sa
dostat’ na povrch. Velké mnoZstvo pracovisk (v sticasnej dobe
sa pracuje na 7 Celbach) vytvara predpoklady, pri dobrej orga-
nizicii a koordindcii pric, na efektivne vyuzitie kapacit strojov
a mechanizmov. Na projekte si obmedzenia pre vrtné price,
strojnu profildciu a trhacie prace:

e vrtné prace a strojnd profildcia: pondelok — piatok od

7:00-19:00 h.,

Vétraci tunely
Ventilation tunnels

Spojovaci tunel
Comunication tunnels

Pfistupovy tunel
Access tunnel

Obr. 3 3D model podzemného depa
Fig. 3 3D model of the underground depot

The construction is divided into a connecting tunnel
(Huvudtvértunnel) with three caverns — Uppstillningstunnel 1, 2
and 3 — stemming to both sides. The Huvudtvirtunnel continues
further to a ventilation tunnel (Drifttunnel) and a communication
tunnel (Komunikationstunnel), which emerges on the surface and
is one of the three points linking the underground with the at-
grade part of the project. All of the three Uppstillningstunnel 1, 2
and 3 caverns are interconnected within a 360-degree circuit and

Obr. 4 Pohlad do spojovacieho tunela
Fig. 4 View down the connecting tunnel




Obr. 5 Nakladanie a odtazZba, v pozadi strojnd profildacia &elby
Fig. 5 Loading and mucking out; mechanical profiling in the background

¢ trhacie prace: pondelok — piatok od 7:00-22:00 h.

Oba vrtné vozy (Atlas Copco XE3C) st nasadené prakticky
celych 12 h, ked je moZno vitat, takZe servis a tdrzba je vyko-
ndvand len v noci, resp. cez vikendy. Trhacie price st vykona-
vané v dvoch ¢asoch (11:30 a 21:00 h.), aby bol zabezpeceny
dostatok horniny pre odtazbu, ktord prebieha denne od 12:00
do 7:00 h. Pre nakladanie je pouZivany naklada¢ Volvo L350F
s objemom lopaty 7 m3 a naklad4 sa priamo na cestné ndklad-
né autd (odvoz na sklddku mimo stavby priamo z tunela).
Strojni profilaciu vykondvaju 2 kolesové rypadla Liebherr 924
(obr. 5). Osadku na razeni tvori spolu 34 pracovnikov zdvodu
Tunely SK.

Projekt pocita s osadenim vnitorného ostenia (inner lining) —
izoldcii proti odkvapom vody vo vic¢Sine podzemnych priesto-
rov depa. Geologicky prieskum dzemia predpokladal minim4l-
ne pritoky vody, preto nie je aplikovana systematickd injektaz,
ako je to v Skandindvii obvyklé. InjektaZ predpolia sa realizu-
je na zdklade skdSok priepustnosti predpolia masivu — Lugeon
test. Tento sa vykonava kazdy treti (24 m vrty), resp. Stvrty
zdber (27 m vrty). Lugeon test spo¢iva v navitani 3 testovacich
vyvrtov vo vnitri profilu a v samotnom teste priepustnosti.
Pomocou injektdznej sipravy Atlas Copco Unigrout je po vypl-
neni vyvrtov voda tlatend poc¢as 2 min. pri konStantnom tlaku
0,7 MPa. Pokial masiv odoberie menej nez 12 1 vody, injektdz
nemusi byt vykonana a razenie pokracuje dalej.

Pokial masiv odoberie viac nez 12 1 vody aspon v jedom
vyvrte, nasleduje injektdZ predpolia. Pri tejto sa vita 16 vyvr-
tov dlzky 24, resp. 27 m nad obrys tunela. Na vitanie je pouZi-
vany tzv. Carousel osadeny na krajnych lafetach vitacieho voza
AC XE3C. Tento systém umoznuje automatizované vitanie
dlhych vyvrtov pouzitim revolverového zdsobnika vrtnych tyci.
Vitanie jedného vyvrtu diiky 27 m, spolu so spidtnym vytaho-
vanim ty¢i, trvd v priemere 45 min. Doposial bolo na projekte
vykonanych 12 injektdzi predpolia (okrem pristupového tunela,
ktory je doCasnou stavbou).

TRHACIE PRACE

Razenie celého podzemného diela je vykondvané vrtno-trha-
cimi pracami, na ktoré boli strelmajstri Skanska SK zaskoleni
a preskuSani Svédskym certifikanym orgdnom (Berg
Utbildarma AB). Ten na zdklade vykonanych skusok vystavil
strelmajstrom osvedcenie na vykondvanie trhacich prac platné
na 10 rokov pre celé tizemie Svédska. Dodéavatelom trhavin,
rozbuSiek a vSetkého materidlu potrebného na vykondvanie
trhacich prac je Spanielska firma Maxam. Pracovnici tejto firmy
st Casto pritomni pri vykondvani trhacich prac na stavbe, hlav-
ne z dovodu sledovania kvality ich produktu a jeho kalibracie.
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enter the at-grade part via the western tunnel and eastern tunnel
(see Figures 3 and 4).

The procedure for the excavation of individual tunnels and
caverns had to be accommodated to the subsequent work on the
at-grade part of the project in the location where the two parts
merge. The priority was to drive the connecting tunnel and get to
the surface through the first part of the ventilation tunnel and the
communication tunnel. The great quantity of working places (the
work is currently proceeding at 7 headings) creates conditions
for the effective exploitation of the capacities of machines and
mechanisms if the operations are organised and coordinated pro-
perly. There are the following time restrictions applied to the
project, regarding drilling, profiling and blasting operations:

e drilling and mechanical profiling: Monday — Friday from

7:00 — 19:00 hours

e blasting: Monday — Friday from 7:00 — 22:00 hours

Both drilling rigs (Atlas Copco and XE3C) are deployed vir-
tually for all 12 hours when drilling is possible, therefore servi-
cing and maintaining is carried out only during the nighttime or
during weekends. Blasting is carried out at two times (11:30 and
21:00 hours) so that the sufficient volume of muck to be daily
carried from the underground from 12:00 to 7:00 hours is secu-
red. Muck is loaded by a Volvo L350F loader with the shovel
volume of 7m3 directly to road trucks (removing the muck to
a stockpile outside the construction site directly from the tunnel).
Mechanical profiling is carried out by 2 Liebherr 924 wheeled
excavators (see Fig. 5). The tunnelling crew consists of 34 wor-
kers of Zavad Tunely SK plant.

The design takes into account the installation of an inner lining
— insulation against dripping water — in the majority of underg-
round spaces of the depot. The geological survey of the area
assumed minimum water inflows. For that reason no grouting
system, which is customary in Scandinavia, is not applied. The
injection of grout into the advance core is carried out on the basis
of advance core permeability tests — the Lugeon test. This test is
conducted in every third or fourth excavation round (24m long
and 27m long drillholes, respectively). The Lugeon test lies in
drilling 3 test holes within the tunnel profile and the permeabili-
ty test itself. After the drillholes are full, water is compressed to
the constant pressure of 0.7MPa for 2 minutes by means of Atlas
Copco Unigrout grouting set. If the massif takes less than 12 lit-
res of water, grouting does not have to be carried out and the
excavation proceeds on.

If the massif takes more than 12 litres of water at least in one
drillhole, the grouting into the advance core follows. It compri-
ses 16 holes 24 and 27m long, respectively, drilled above the
tunnel contour. The drilling is carried out using the so-called
Carousel, which is mounted on side booms of the AC XE3C drill
rig. This system allows for automated drilling of long holes
using a revolving rod carousel. Drilling of one 27m long hole
and pulling of the rods out takes 45 minutes on average. To date,
12 cases of injecting grout into the advance core have been car-
ried out (with the exception of the access tunnel, which is
a temporary structure).

BLASTING OPERATIONS

The entire underground working is being excavated using the
drill-and-blast procedures, for which the Skanska SK shotfirers
were trained and tested by a Swedish certifying authority (Berg
Utbildarma AB). The authority issued permits for the execution
of blasting for shotfirers on the basis of successfully passed tests.
The permits were valid for 10 years for the entire area of
Sweden. Explosives, detonators and all materials required for the
execution of blasting are being supplied by Spain-based Maxam.
Employees of this company have been often present at the
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Pouziva sa emulznd trhavina, ktord je iniciovand neelektrickym
roznetom — systém Nonel.

Celba je nabijani pomocou nabijacej stpravy typu SSE,
Nobel Mix 1400-50-11-2A (vyrobca Nobel Technic, Norsko),
ktord je osadend na podvozku ndkladného auta, vybaveného
pracovnou plo§inou. Vzhladom na velkost tunelov a efektivitu
rychlosti nab{jania je siprava vybavend dvomi drovinami nabi-
jania — z ploSiny a zo zeme. Emulznd trhavina je tlacend do
vrtov ddvkovacim cerpadlom po predchddzajicom zmieSani
v8etkych zloZiek emulznej trhaviny v poZadovanom pomere.
PouZzivané su Styri rdzne merné ndloze vybu$nej zmesi pre jed-
notlivé Casti Celby — zdlom a obrys dna, pribierkové vrty,
pomocny obrys a obrys. Jednotlivé stupne si pracovnici pri
nabijani volia na ovladdaci. Aby bola zarucend spravna mernd
ndloz a suvislost’ plnenia trhavinovej ndloZe (string line pri
obryse a pomocnom obryse), aj rychlost’ vytahovania ddvkova-
cej hadice je riadena pocitacom. MnoZstvo Cerpanej zmesi, ako
aj ostatné parametre nabijania, si zaznamendvané v pocitaci
sdipravy. Pri najvacSich profiloch presahuje celkové mnoZstvo
trhaviny aZ 2000 kg na 5Sm zédber. Pouzivanie emulznej trhavi-
ny je v tychto podmienkach velmi efektivne. Cas na nabitie
&elby s plochou vyrubu 200 m2 a cca 260 vyvrtmi diiky 5,8m
trvd v priemere 4 h.

Vzhladom na to, Ze sa razi pod mestskou zdstavbou, velky
doraz sa kladie na sledovanie seizmickych d¢inkov na povrch.
TaktieZ uz spominané ¢asové obmedzenia na vykondvanie trha-
cich prac zna¢ne komplikuji ich priebeh. Tento faktor ma
velky vyznam pri stanovovani Casového sledu jednotlivych
pracovnych opericii pocas dennej zmeny, kedy je dovolené
tieto prace vykondvat. Aby sa minimalizovali stratové Casy
ovetrdvania, odpaly na jednotlivych Celbach sd nastavené na
¢as zmenovej vymeny vodicov nakladnych automobilov zabez-
pecujicich odvoz horniny na skladku.

Velky doraz sa kladie na dodrZiavanie bezpecnostnych pred-
pisov pocas vykondvania trhacich pric. Bezpecnostné Standar-
dy pri trhacich pracach si podobné, na aké sme zvyknuti
v naSich podmienkach (bezpecnostné zdény, komunikacia so
strelmajstrom, hliadky atd’). Takisto je velmi déleZité pouZiva-
nie ochrannych rukavic a okuliarov pri nabijani, pretoZe emul-
zia je znaCne agresivna a po kontakte s pokozkou moze spdso-
bit' neprijemnd reakciu.

Zakladn4 latka pre vyrobu emulzie sa skladuje a dopiﬁa pri-
amo v podzemi vo velkokapacitnej nadrZi, z ktorej sa precer-
pava do nabijacej ploSiny. Rozbusky a ostatné pomodcky pre
trhacie prace su skladované v sklade trhavin, ktory je tiez
v podzemi. Evidenciu skladovaného a spotrebovaného materié-
lu, pouZitého pri trhacich pracach, vykondvaji strelmajstri.
Emulzia, ktord zostane po nab{jani na dne tunela, sa musi ulo-
zit'do nadoby, ktora je na to urCend. Po jej naplneni je odveze-
nd doddvatelom emulzie zo stavby.

Pri optimalizdcii jednotlivych pracovnych operdcii v tuneli
a absencii portich strojov osddka je schopnd urobit tri odpaly
pocas dovoleného casového rozmedzia na trhacie prace, pri
spotrebe cca 4,5 t emulzie. Pri sicasne razenych profiloch tune-
lov 3 odpaly predstavuji optimum aj z pohladu kapacitnych
moznosti odtazby a priechodnosti tunela pre nakladné automo-
bily.

Pouzivany systém trhacich prac je v podmienkach Skandina-
vie obvykly, av§ak mnohi slovenski tuneldri sa s nim na tejto
stavbe stretli po prvykrdt. PouZitie emulznej trhaviny a systém
jej davkovania do vrtov je vysoko efektivny a bol by aplikova-
telny aj v naSich podmienkach.

GEODETICKE PRACE

Velmi doéleZitou neoddelitelnou sticastou tuneldrskych prac,
ktoré vykondvaji zamestnanci pri realizdcii projektu
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execution of blasting on the construction site, first of all with the
aim of monitoring the quality of their product and calibrating it.
Emulsion explosive is being used, with the Nonel non-electric
initiation system.

The excavation face has been charged using an SSE, Nobel Mix
1400-50-11-2A charging set (manufactured by Nobel Technic,
Norway), which is mounted on a truck chassis. It is equipped with
an access platform. With respect to the size of the tunnels and the
effectiveness of the charging rate, the set is equipped with two
charging levels, i.e. charging from the platform and from the
excavation bottom. The emulsion explosive is pushed into drill-
holes using a dosing pump after prior mixing of all emulsion
explosive components at the prescribed ratio. Four different spe-
cific charges of the explosive mix are used for individual parts of
the excavation face, i.e. for cut and bottom contour holes, enlar-
ger holes, auxiliary contour holes and contour holes. Workers car-
rying out the charging select particular stages on an actuator. To
secure the correct specific charge and the continuity of filling the
explosive charge in the drillholes (the string line at the contour
and auxiliary contour) as well as the rate of pulling the dosing
hose from the drillholes, the process is controlled by a computer.
The amount of the mix being pumped and the other parameters are
recorded in the charging set computer. The total amount of the
explosive required for the largest profiles exceeds 2000kg per Sm-
long excavation round. The use of the emulsion explosive in the
particular conditions has been very efficient. The charging of
excavation face with the excavated cross-sectional area of 200m?
and about 260 drillholes 5.8m long takes 4 hours on average.

Taking into consideration the fact that the tunnelling operations
are carried out under urban development, great emphasis is placed
on the monitoring of seismic effects on the terrain surface. The
above-mentioned time constraints imposed on the execution of
blasting operations significantly complicate their course. This fac-
tor is very important when the time sequence of individual working
operations during day shifts, when the execution of these operations
is permitted, is being determined. With the aim of minimising idle
times required for clearing smoke from the tunnel, the firing times
at individual headings are set to the time of the rotation of drivers
of trucks securing the transport of muck to stockpiles.

Great stress is placed on complying with safety regulations
during blasting operations. Safety standards for blasting are simi-
lar to those we are accustomed to in our conditions (safety zones,
communication with the shotfirer, guards etc.). Also very impor-
tant is the use of protective gloves and goggles when charging the
holes because the emulsion is highly aggressive and can cause an
unpleasant reaction after getting into contact with skin.

The basic matter for the emulsion production is stored and the
stock is replenished directly in the underground, in a large-capa-
city tank, from which it is pumped over to the charging platform.
Detonators and other tools required for blasting operations are
stored in the magazine, which is also located underground. The
stored materials and materials consumed during blasting operati-
ons are recorded by shotfirers. The emulsion which remains after
charging on the tunnel bottom has to be placed into an appropria-
te container. When the container is full, it is transported from the
site by the emulsion supplier.

When the individual working operations in the tunnel are opti-
mised and no defects of machines take place, the crew is capable
of performing three firing events during the course of the time
range permitted for the blasting, with the consumption ca 4.5 ton-
nes of emulsion. At the currently driven tunnel profiles, 3 firing
cases represent an optimum even in terms of the capacity of the
mucking out system and the passability of the tunnel for trucks.

The blasting system being used is a commonplace in the
Scandinavian conditions, but many Slovak tunnellers have met it
for the first time on this construction site. The use of emulsion
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Obr. 6 Situdcia bodov zdkladnej vytycovacej siete
Fig. 6 Layout of the Basic setting-out net points

Norsborgsdepén, je okrem tuneldrskych prac aj kompletnd
dodavka geodetickych prac, vratane hlavného geodeta stavby.
Rozdelujud sa do troch drovni:

VytyCovacia siet’ stavby — pripojenie sa na prevzatd zdkladnd
vytyCovaciu siet’ (ZVS) a budovanie vlastnej zdkladnej
a podrobnej vytyCovacej siete (PVS).

Definicia projektu a transformdcia potrebnych geometric-
kych parametrov stavby do geodetického softwaru a aplikac-
nych programov geodetickych systémov.

Usmernovanie razenia a dokumentdcia skuto¢nej realizacie
stavebnych objektov.

Vytycovacia siet stavby

Po prevzati stavby bola poskytnutd vytyCovacia siet tvorend
dvoma trojicami bodov na juZnej a severnej strane stavby.
K tomu bolo odovzdané este po jednom nivelacnom bode na
severnej a juznej strane stavby. Body boli stabilizované zvicsa
ocelovymi klincovymi zna¢kami v pevnom skalnom podklade
(v jednom pripade len ocelovou rirkou). Takdto stabilizicia je
dost’'nestastnd, lebo pri kazdom merani je potrebné postavit nad
bodom pristroj na stative, ¢im logicky dochddza k urc¢itému
zhorSeniu presnosti z dovodu vycentrovania pristroja na bode.
Stabilizacia bodov pilierovymi paZnicami s nitenym centrova-
nim pristroja nebola moZnd, pretoZe sa tieto nachddzali na
sikromnych pozemkoch a k dohode s majitelmi pozemkov sa
nedalo dospiet.

Poloha odovzdanych bodov bola urc¢end len GPS meranim,
a preto bola potrebnd ich kontrola priamym terestrickym mera-
nim (TPS meranie). TPS bolo realizované v mesiaci april 2013.
Z dovodu konfiguricie terénu a viacerych ostatnych faktorov
(zalesnenie, husta zdstavba, ...) bolo malym zazrakom, Ze sa
na$la trasa, ktorou bolo mozné prepojit obidve strany ZVS
polygénovym tahom. Toto meranie bolo navySe potrebné uro-
bit’v skorych jarnych mesiacoch v obdobi vegetacného kludu.

Meranie bolo ndsledne vyhodnotené a siet bola vnitorne
vyrovnand ako pevny lokdlny stiradnicovy systém. Vyrovnanie
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Obr. 7 Vysledky vyrovnania
Fig. 7 Adjustment results

explosive and the system of its dosing into drillholes is highly
effective and would be applicable even to our conditions.

SURVEYING

Very important and inseparable part of the tunnelling work
carried out by employees during the realisation of the
Norsborgsdepén project is, apart from the tunnel excavation, the
comprehensive supply of survey services, including fulfilling the
position of the main project surveyor. The survey services are
divided into the following three levels:

The setting-out network — connecting it to the Basic Setting-
out Net (BSN) taken over from the client and building contrac-
tor’s own Basic and Detailed Setting-out Net (DSN).

The project definition and transformation of required geome-
trical parameters of the project into a survey software and appli-
cation programs of survey systems.

Guiding the excavation and documenting the as-built state of
structures.

Construction setting-out network

After the construction site takeover, a setting-out network for-
med by two triads of points on the southern side and northern
side of the construction site was provided. In addition, one level-
ling point was handed over on either side. The points were sta-
bilised mostly by steel nails fixed in the solid rock (in one case
only by a small-diameter steel tube). This stabilisation system is
quite unfortunate because it is necessary to install the instrument
on a tripod over the point for each measurement, which means
that the measurement accuracy is logically deteriorated to some
extent as a result of the process of centering the instrument
above the point. The stabilisation of the points by means of steel
casing pipes allowing forced centering of the instrument was not
possible because the casings were located on private land and the
attempts to reach permissions of owners failed.

The position of the handed over points was determined only by
GPS measurements; for that reason checking by means of direct
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Obr. 8 Vrtnd schéma
Fig. 8 Drill pattern

siete bolo realizované v programoch Groma, Leica Geo Office
(LGO), BetanNeptan. VysSkovo vykazovali GPS vysky bodov
ZVS rozdiel oproti nivelatnym vySkam v priemere 20 mm.
Oprava bola urobend zavedenim nivelacnych vySok do TPS
merani. Vysledky z vyrovnania v jednotlivych programoch boli
porovnané a po odstihlaseni geodetom objednavatela pouzité na
zhustenie ZVS na povrchu a budovanie ZVS a PVS v podzemi.
V sucasnosti prebieha diskusia o implementdcii a zostladen{
vytyCovacich sieti s geodetmi firmy NCC, ktor{ realizuji druhd
Cast’ projektu — stanicu metra Norsborg ako aj prediienie trate
do tejto stanice na severnej strane. Situdcia bodov ZVS je zrej-
ma z obr. 6, vysledky vyrovnania z obr. 7.

Geodeticka charakteristika projektu

Stavba depa je situovand v podzemi a projektovo je rozdele-
nd na viacero stavebnych objektov — pristupovy tunel
(Arbetstunnel), spojovaci tunel (Huvudtviértunel), odstavné
tunely (Uppstallningstunnel — 1, 2, 3), zdpadny a vychodny
tunel plus technologické tunely (Drifttunel, Kommuni-
kationstunnel, Tvittanlaggning, Boggieforrad). KedZe ide
o depo, je niveleta celej stavby s vynimkou vychodného tunela
projektovana ako horizontdlna vo vyske + 23 m nad morom.
Tato skutoc¢nost, na prvy pohlad vyzerajica ako zjednodusuju-
ca, v8ak v skuto¢nosti zna¢ne komplikuje definovanie projektu
do geodetickych programov, lebo sa tymto vytrdca jedna
z typickych vyhod pri definovani liniovej (tunelovej stavby),
a to Ze v prieCnom profile maji vSetky geometrické Casti tune-
la pevné miesto vzhladom k tunelovej osi. Na projekte Nors-
borgsdepidn z dovodu odvodnenia tunela (drendz a techno-
logicka kanalizdcia) sa prakticky na celej stavbe neustdle meni
poloha a tvar dna (pocvy) tunela vzhladom k tunelovej osi,
resp. hornej klenby tunela. NavySe, ako je zrejmé zo situdcie
tunela, je zdpadny aj vychodny tunel napojeny na odstavné
tunely 1, 2, 3 cez znacne komplikované prechodniky. Vsetky
tieto velmi komplikované geometrické Casti stavby je potrebné
zadefinovat pre dal$ie vypoclty presnymi prie¢nymi profilmi.
Ak na beZnej tunelovej stavbe na to postacuje cca 20 prie¢nych

terrestrial measurement (the TPS) was required. The TPS was
carried out in April 2013. Because of the terrain configuration
and several other factors (forestation, dense development, ...) it
was a small miracle that a route was found along which it was
possible to interconnect both sides of the BSN by traversing. It
was in addition necessary to carry out the survey during the dor-
mancy period.

The survey was subsequently assessed and the net was inter-
nally adjusted as a fixed local coordinate system. The adjustment
was realised in Groma, Leica Geo Office (LGO) and
BetanNeptan programs. The levels of points determined by the
GPS exhibited differences of 20mm on average in comparison
with the levels determined by levelling. The correction was car-
ried out by introducing the levels determined by levelling into
the TPS measurements. The results obtained by the individual
adjustment programs were compared and, after their acceptance
by project owner’s surveyor, they were used for the densificati-
on of the BSN on the surface and the DSN in the underground.
At the moment a discussion about the implementation and brin-
ging the setting-out nets into line with NCC company surveyors,
who realise the second part of the project, the Norsborg metro
station and the extension of the metro line to this station on the
northern side, is in progress. The layout of the BSN points and
the adjustment results are obvious from Fig. 6 and Fig. 7, res-
pectively.

Survey-related characteristics of the project

The depot construction is divided by the design into several
structures - the access tunnel (Arbetstunnel), the connecting tun-
nel (Huvudtvirtunel), tunnels for stabling tracks (Uppstall-
ningstunnel — 1,2,3) and the western tunnel, the eastern tunnel
plus service tunnels (Drifttunel, Kommunikationstunnel,
Tvittanlaggning, Boggieforrad). Because it is the case of
a depot, the vertical alignment of the entire structure, with the
exception of the eastern tunnel, is designed as horizontal at the
level of + 23.00m above the sea level. This fact, which looks at

first sight to be simplifying, in reality significantly complicates
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rezov, tak na tomto projekte ich bude potrebné vytvorit odha-
dom cca 700 az 800.

V dodanom projekte bolo projektantom zadefinovanych cca
100 prie¢nych rezov na vSetkych objektoch, situdcia stavby
(horizontdlny rez vo vySke +23 m) a pozdiiny profil jednotli-
vych objektov. V pozdiinych profiloch je vSak velmi madlo
informécii potrebnych na sprdvne geometrické zadefinovanie
stavebnych objektov, takze nosnou zlozkou projektu, ktord je
vyuzivand v prvom rade tak na definiciu projektu, ako aj na
kontrolu ostatnych foriem projektovych definicii, je virtudlny
3D model stavby. V skutocnosti ide o stibor 3D modelov pre
kazdy objekt zvlast. 3D model tunela je definovany trojuholni-
kovou sietou vo formate *.dwg — AutoCAD. Tato skutocnost’je
v nasej praxi uplne novd. Doteraz bola pre nds postacuji-
ca trasa stavby s prie¢nymi rezmi (popripade pozdiznym profi-
lom). Pri zna¢nej geometrickej zlozitosti tejto stavby je to vSak
forma projektovej dokumentdcie, ktord najviac napomdha
sprdvnemu definovaniu projektovanych parametrov a s vy-
sokou efektivitou. Vypracovanie takého velkého mnoZstva pri-
e¢nych rezov tunelovych rir je nevyhnutné pre dalsie vyuZitie
tak pri usmernovani razenia, ako aj pri kontrole presnosti reali-
zovanych objektov.

Usmeriiovanie a kontrola razenia

Ako uz bolo uvedené, stavba je realizovand podla zdsad
NTM. Jej podstatou je razenie tunelovej rury vrtno-trhacimi
prdcami a pripadnd, Casto aj neskorSia, aplikdcia striekaného
beténu. Pri tomto spdsobe razenia tunela usmernovanie spoci-
va prakticky len v navigdcii vitacieho voza a néslednej kon-
troly tejto navigdcie. Vitaci voz je vybaveny funkciou auto-
matického vitania, to znamen4, Ze po jeho znavigovani je tento
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the project definition in survey programs. The reason is that one
of typical advantages in the process of defining a linear structu-
re (a tunnel structure) disappears because all geometrical parts of
the tunnel cross-section have firm positions with respect to the
tunnel axis. In the case of the Norsborgsdepin project, the posi-
tion and geometry of the tunnel bottom with respect to the tun-
nel axis or the upper vault of the tunnel constantly change for the
sake of the tunnel drainage (drainage and technological sewera-
ge) virtually throughout the construction length. In addition, as
it is obvious from the tunnel layout, both the western tunnel and
eastern tunnel are connected to the tunnels for stabling tracks
No. 1, 2 and 3 through significantly complicated transition cur-
ves. All of these very complicated geometrical parts of the con-
struction have to be defined for subsequent calculations by
means of exact cross-sections. Whilst about 20 cross-sections are
sufficient for this purpose in the case of a common tunnel con-
struction, the creation of about 700 to 800 cross-sections is gues-
sed to be required for this particular project.

In the handed-over design the designer defined about 100
cross-sections on all structures, the project layout (a horizontal
section at the level of 23.00m) and a longitudinal sections of
individual structures. Unfortunately, the longitudinal sections
contain very little information required for the correct geometri-
cal definition of structures. For that reason the principal compo-
nent of the design, which is used first of all both for the project
definition and for checking the other forms of the project defini-
tions, is the virtual 3D model of the structure. In reality, it is an
array of 3D models carried out separately for each structure. The
3D model of the tunnel is defined by a triangular net in *.dwg
format — AutoCAD. This fact is completely new in our practice.

t / Projection
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fava (prava) ¢ast rozvinutého plasta hornej klenby
vzhladom k priemetu tunelovej osi do hornej klenby
tunela - left-hand (right-hand) part of the unrolled
lateral surface of the vault relative to the projection
of the tunnel axis to the tunnel upper vault

Teoretické stani¢eni / Theoretical Stationing

»2, 4,6, ...“: teoreticka dlzka zobrazovanej ¢asti obvo-
du klenby v metroch na teoretickom prie¢nom profile
tunela po rozvinuti do roviny - ,2, 4, 6, ...“: theoreti-
cal length of the vault circumference being depicted
in metres on the theoretical cross-section after being
unrolled to a plane

napr. ,,L.2“: 2m od priemetu osi tunela do hornej klen-
by vlavo - e.g. ,L2“: 2m from the tunnel axis projecti-
on to the upper vault on the left side

Obr. 9 Mapa odchylok
Fig. 9 Map of deviations
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HUVUDVARTUNNEL
Norsborgsdepan E2
TUNELBANA RODA LINJEN

Staniéeni - Stationing 302,000 m
Osa vytyéovacich souradnic

Survey Coordinate Axis

Soufadnice +X - Easting

Souradnice +Y — Northing

Nadmor'ska vyska — Elevation

Zpracovani - Processing
Vzorovy pfiény fez A
Reference Profile A
PFiény sklon — Transverse Slope 0,000 %

Vzorovy priény fez B
Reference Profile B HUVUD-NORMAL-SB_WS (No. 19)

Huvudvartunnel_Wide-(No. 4)

M&fena plocha — Measured Area 171,515 m?
Plocha vzorového fezu 2
I Reference Profile Area 160,520 m
Oblast nadvylomu — Overprofile Area 18,387 m?
Oblast podvylomu — Underprofile Area 7,392 m?
Geologicky nadvylom — Geological Overprofile 18,285 m?

Obr. 10 Radidlne odchylky od teoretického profilu tunela
Fig. 10 Radial deviations from theoretical tunnel cross-section

lokalizovany a orientovany presne v priestore predmetnej
&elby. Vdaka systému senzorov vitacieho voza je mozné pres-
ne ur¢it'polohu kazdej lafety a tym aj kazdého vrtu vrtnej sché-
my vzhladom k projektovanym geometrickym parametrom
tunelovej rary. Jednotlivé vrty si definované vrtnou schémou
(obr. 8), ktord v sebe zahtna tak geometrické, ako aj technolo-
gicko-prevadzkové parametre na optimalizdciu vrtno-trhacich
prac. Z tohto dovodu je geometrickym podkladom pre ndvrh
vrtnej schémy prie¢ny rez tunelovej riry. KedZe systém (soft-
vérova vybava) vo vitacom voze Atlas Copco XL3C je schop-
ny vyuzit len vrtné schémy na bdze prie¢neho rezu tunela, je
urcitd Cast’ prieCnych rezov, vypracovanych pre definiciu pro-
jektu v geodetickych programoch, vyuzitd aj ako podklad pre
vrtné schémy. Do buddcnosti by ur¢ite pomohla moZnost’ vyu-
Zitia priameho nacitania 3D modelu tunela do softwaru vitaci-
eho voza s ndslednym zobrazenim vitanych vyvrtov vzhladom
na tento model. Takdato moZnost'by znac¢ne ulahcila pracu (tvor-
bu vrtnych schém) aj na projekte Norsborgsdepin. Ndsledne je
nutné vykonat kontrolu navigédcie vitaciecho voza. Kontrola sa
vykondva vyty¢enim troch vrtov na ¢elbu pomocou geodetic-
kého pristroja a ich nédslednou kontrolou v systéme vitacieho
voza. Kontrola razenia sa vykondva po vyrazeni jedného az
dvoch zdberov (odpalov) tunela. Planovand dizka zéberu je
5,5 m. Kontrola je realizovand pomocou laserového skenera
Leica C5. Hustota bodov skenovania je definovand rastrom
2x2 cm. Vzhladom na zna¢ny pocet sti¢asne realizovanych celi-
eb tunelovych rir je kontrola razenia skenovanim vykondvand
prakticky kazdodenne. NavysSe je pre tieto prace vyuZivand aj
sobota a nedela, ked su v tuneli obmedzené prevadzkové price
a teda je moznd aj kontrola Casti tunela upravenych strickanym
beténom. Vyhodnotenie je ndsledne prezentované na farebnej
mape odchylok (obr. 9) a v pripade potreby prie¢nym rezom so
zobrazenim radidlnych odchylok od teoretického profilu tunela

Till now the project alignment with cross-sections (or also
a longitudinal section) was sufficient for us. But, taking into con-
sideration the significant geometrical complexness of this pro-
ject, this form of design documents facilitates correct defining of
design parameters and ensures high effectiveness. The elaborati-
on of such the great quantity of cross-sections of tunnel tubes is
unavoidable for the subsequent use for guiding the drives and
checking the accuracy of completed structures.
Guiding and checking the excavation

As mentioned above, the construction is being carried out fol-
lowing the NTM principles. This system of driving tunnel tubes
is based on the drill-and-blast technique combined, if necessary,
with shotcrete, which is frequently applied subsequently. At this
tunnel driving system the guidance lies virtually only in the navi-
gation of the drilling set and subsequent checking on this navi-
gation. The drilling rig is equipped with the automatic drilling
function. This means that, after the completion of the drill rig
navigation, the machine is localised and oriented accurately in
the space of the particular heading. Owing to the system of sen-
sors mounted on the drill rig, it is possible to exactly determine
the position of each feed and in this way to determine the positi-
on of each drillhole specified in the drilling pattern, relative to
the designed geometrical parameters of the tunnel tube.
Individual drillholes are defined by the drill pattern (see Fig. 8),
which comprises geometrical as well as technological-operating
parameters for the optimisation of the drill-and-blast operations.
For that reason the tunnel tube cross-section is the geometrical
base for the drill pattern design. Because of the fact that the sys-
tem (software equipment) installed on the Atlas Copco XL3C
drill rig is capable of using only drill patterns based on the tun-
nel cross-section, a certain proportion of the cross-sections pre-
pared for the project definition in survey programs is used as the
basis for drilling systems. In the future it would be certainly




Obr. 11 Vitanie Celby na odstrel, vitacie vozy AC XE3
Fig. 11 Drilling for the face blasting, AC XE3 drill rigs

(obr. 10). Databéza findlnych skenov (po realizacii striekaného
betonu) je zdroven jednou z Casti kone¢nej dokumentacie sku-
toéného realizovania stavby (DSRS) ked je objednavatelovi
stavby odovzdana hustd siet bodov v ortogondlnom rastri
10x10 cm.

Aj napriek skusenostiam firmy Skanska z velkého poctu
a rozsahu tunelovych stavieb vo viacerych krajindch Eurdpy, je
toto najndrocnejsi projekt v celej historii, na ktorom geodeti
okrem Standardnej geodetickej prdce a funkcie hlavného geo-
deta stavby do znac¢nej miery aj koordinuji pracu s potrebnymi
prevadzkovymi datami (vrtnymi schémami) pre vSetky vitacie
vozy, vedd urCitdi formu meracskej dokumenticie a v ne-
poslednom rade zbieraju a sumarizuju vysledky zdznamov (log
file) z vftania vitacich vozov (obr. 11).

ZAVER

Projekt Norsborgdepan je momentdlne rozsahom najvicsim
podzemnym projektom vo Svédsku. Je velkou vyzvou pre
Skanska Sverige a Skanska SK. Projekt md vysoké ndroky na
organizdciu prac, geodetick sluzbu i efektivnost’ vyuZitia pra-
covného casu. Ako je spomenuté v Casti venovanej geodetic-
kym prdcam, priprava projektu z pohladu investora nebola
vykonand na takej drovni, akud by si takyto projekt zaslizil.

Dodrzanie organizdcie prac a postupnosti jednotlivych ope-
récif si vyzaduje velké nasadenie nie len tuneldrov, ale aj tech-
nikov a geodetov. Meniace sa podmienky postupu prac vzhla-
dom na nésledné priace na povrchovej casti projektu neraz
navodili situdciu, ktord vyZadovala vynimoc¢né nasadenie.
Prave preto mozno konStatovat, Ze stavba pokracuje v silade
s poziadavkami platného harmonogramu, ako aj kvality vyko-
nanych pric a to bez jediného pracovného trazu, ¢i priestupku
voci zivotnému prostrediu.
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helpful if it was possible to use the direct loading of the 3D tun-
nel model into the drill rig software with subsequent displaying
the holes to be drilled with respect to this model. Such
a possibility would significantly facilitate the work (the prepara-
tion of drill patterns), even on the Norsborgsdepén project. It is
subsequently necessary to check the drill rig navigation. The
check is carried out by setting out three drillholes on the exca-
vation face by means of a survey instrument and subsequent
checking on them in the drill rig system. The excavation check
is carried out after finishing one or two tunnel excavation rounds
(blasting cases). The planned length of the excavation round is
5.5m. The checks are carried out by means of a Leica C5 laser
scanner. The density of the points to be scanned is defined by
a 2x2cm grid. With respect to the significant number of concur-
rently realised headings, the excavation checks by scanning are
performed virtually every day. In addition, this work is carried
out even on Saturdays and Sundays, during which the service
operations in the tunnel are limited and it is therefore possible to
check the tunnel parts covered with shotcrete. The evaluation is
subsequently presented on a colour map of deviations (see Fig.
9) and, if necessary, on a cross-section presenting radial deviati-
ons from the theoretical tunnel cross-section (see Fig. 10). The
database of final scans (after the application of shotcrete) is at
the same time one of the parts of the final as-built design packa-
ge, where a dense network of points in a 10x10cm orthogonal
grid is handed over to the project owner.

Despite the experience of Skanska company gained from
a large number and extent of tunnel construction sites in many
countries, this one is the most demanding project in the compa-
ny history, on which surveyors carry out not only standard sur-
veying and perform the function of the main project surveyor,
but also coordinate, in a significant extent, the work operations
with required operating data (drill patterns) for all drill rigs,
maintain a certain form of survey documentation and, at last but
not least, collect and file the logs from the drill rigs (see Fig. 11).

CONCLUSION

The Norsborgdepan project is at the moment the largest
underground project in Sweden as far as the extent is concerned.
It is a great challenge for Skanska Sverige and Skanska SK. The
project is very demanding in terms of the works organisation,
survey services and effectiveness of the use of working time. As
mentioned in the part dedicated to survey operations, the prepa-
ration of the design as viewed by the project owner was not car-
ried out at the level which such the project would have deserved.

Adhering to the works organisation and the sequence of indi-
vidual operations requires great efforts not only of tunnellers but
also of technicians and surveyors. The changing conditions of
the work process relative to the subsequent works on the at-
grade part of the project many times induced a situation requi-
ring extraordinary efforts. This is the reason why it is possible to
state that the construction proceeds in compliance with the valid
programme and requirements for the completed work, without
a single working accident or offense against the environment.
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PROJEKT KEHARATA VO FINSKU - ALEBO AKO MOZU BAKTERIE
OVPLYVNIT TECHNICKE RIESENIE TUNELA

KEHARATA PROJECT, FINLAND - OR HOW BACTERIES CAN AFFECT
TECHNOLOGICAL SOLUTION FOR A PROJECT

JURAJ JEZEK

ABSTRAKT

Kehdrata (Zeleznicny obchvat) je uisek Zeleznicného spojenia, ktory bude po dokoncent jednym z najvyznamnejsich spojeni v rdamci metro-
politnej oblasti hlavného mesta Finska Helsink. Novd trasa dlhd 18 km poskytne cestujiicim spojenie centra hlavného mesta s letiskom. Cast
trasy, hlavne v oblasti letiska, povedie v dvojriirovom, 8,1 km dlhom tuneli. Dvojkolajnd trat’ bude sliZit’ vyhradne na osobnii prepravu.
Moderné vlakové siipravy, premdvajiice v case Spicky v oboch smeroch v pravidelnych desatiminiitovych intervaloch rychlostou aZ 120
km/hod., zabezpecia nadstandardné dopravné spojenie do oblasti s dvesto tisic obyvatelmi. Cestujiici, prichddzajiici zo vzdialenejsi oblasti
severu, moZu prestipir'v stanici Tikkurila, odkial’sa na letisko dostanii za priblizne 8 min. Zeleznica zredukuje potrebu autobusovej a auto-
mobilovej dopravy, ¢im zniZi vplyv Skodlivych emisii na Zivotné prostredie.

Neocakdvany vyskyt mikrobov pocas vystavby podzemnej trasy doniitil vsetky zainteresované strany k rieSeniam, ktoré maju, okrem zvy-
Senia ndkladov projektu, vplyv aj na celkové dokoncenie. A tak si budu musiet cestujiici na dlho ocakdvané spojenie este chvilu pockat.

ABSTRACT

Kehdrata (a railway by-pass) is a section of the rail link which, after completion, will become one of the most important links in
the metropolis region of Helsinky, the Finish capital. The new 18km long route will provide passengers with the connection between
the capital centre and the airport. Part of the route, first of all in the airport area, will lead through an 8.1km long twin-tube tunnel.
The double-track line will serve solely to passenger transport. Modern trains, operating during peak hours in both directions at regu-
lar 10-minute intervals at the speed of up to 120km/h, will ensure a superior transport link to an area with the population of two hund-
red thousand. Passengers arriving from remote regions in the north can transfer in Tikkurila station, from which they will get to the
airport in approximately 8 minutes. Railway will reduce the need for bus and automobile transport and, in this way, it will reduce the
impact of harmful emissions on the environment. The unexpected occurrence of microbes during the course of the construction forced
all stakeholders to adopt solutions which have, in addition to an increase in the project cost, impact on the overall completion. It
means that passengers will have to wait for the long awaited connection a little longer.

ovoD

Tento vyznamny projekt je financovany finskou vlddou,
mestom Vantaa a spolo¢nostou Finavia, spolufinancovany EU
a jeho predpokladané ndklady boli odhadované na 655 mil. eur
(ddaj k septembru 2012). Zdkladny kamen projektu bol polo-
Zeny 3. 3. 2009 a samotnd vystavba zacala razenim pristupo-
vych tunelov 13. 5. 2009. Spolo¢nost’ Skanska realizovala
jeden z tsekov vedenych pod povrchom. Usek pod oznadenim
T032 — letiskovy termindl s prislichajicimi tunelovymi rira-
mi vedie priamo popod letiskovy termindl a pristdvaciu drahu.
Ukoncenie raziacich prdc na tuneloch a samotnej stanici vrita-
ne odovzdania diela bolo v roku 2011.

Po dokonceni projektu sa prepoja dve Zelezni¢né stanice
Vantaankoski a Tikkurila, ktoré su sucastou zdpadnej, resp.
vychodnej Zelezni¢nej trasy (obr. 1). Hlavnym dévodom vybu-
dovania trasy je zabezpecenie pravidelného spojenia Helsink
s medzindrodnym letiskom.

OPIS PROJEKTU

Celkovi dizka projektu je 18 km. Podzemnd cast’ projektu,
hlavne v oblasti letiska, je vedend 8,1 km dlhym tune-
lom. Kazd4 kolaj je umiestnend v samostatnej tunelovej rare.

Na trati st navrhnuté Styri nové stanice Kivistd, Aviapolis,
Helsinki-Vantaa Airport a Leineld. Dve z nich, Aviapolis
a Airport, si v tuneloch. Stavba je naprojektovand tak, Ze
v pripade potreby moZu byt dobudované tri daliie stanice (dve
z nich sa budd nachddzat' v podzemd).

Maximdlna rychlost’ vlakovych stprav je navrhnutd na
120 km/hod.

INTRODUCTION

This important project is funded by the Finish government,
the city of Vantaa and Finavia company and is co-funded by the
EU. The anticipated cost was estimated at EUR 655 million
(data as of September 2012). The project cornerstone was laid
on the 3rd March 2009 and the construction work itself started
by driving access tunnels on the 13th May 2009. One of the sub-
surface sections was realised by Skanska. The section, marked
T032 — Airport Terminal with relating tunnel tubes, leads
directly under the airport terminal and the runway. The com-
pletion of the excavation of the tunnels and the station itself,
including handing the works over to the client, took place in
2011. When the project is finished, two railway stations,
Vantaankoski and Tikkurila, which are parts of the western and
eastern railway lines, respectively, will be interconnected (see
Fig. 1). The main reason for developing the line is to ensure
regular connection of Helsinky with the international airport.

PROJECT DESCRIPTION

The overall project length amounts to 18km. The underg-
round part of the project, first of all in the airport area, runs
through an 8.1km long tunnel. Each track is laid in a separate
tunnel tube.

Four new stations, Kivisto, Aviapolis, Helsinki-Vantaa Air-
port and Leineld, are designed for the line. Two of them,
Aviapolis and Airport, are located in tunnels. The constructi-
on is designed in a way allowing for subsequent construction
of additional three stations (two of them will be located

underground).
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7 The maximum velocity of trains is designed at
) 120km/h.

Parking areas for 700 cars and 840 bicycles are
parts of the first project phase.

The track gauge is 1524mm.

The aggregate volume of rock and soil to be
moved is estimated at 2.8 million m°>.

For construction purposes, the project is divided
into four approximately identical sections.
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As mentioned in the paper introduction, Skanska
realised the section marked T032 (see Fig. 2). This
section consisted of the construction of tunnel tubes
i at the overall length of 3000m, the excavation of
i a cavern for the airport station directly next to the
i terminal, sinking of 4 ventilation shafts and the exe-
cution of concrete casting work. In total, it was
necessary to excavate 300 thousands of m® of
\ aoed! nm ground and other 15 thousands of m’ during the
Kannelmaki Rind course of sinking the shafts, to apply 12.5 thou-

s-Ha sands of m® of shotcrete and 2 thousands of m? of
8 Oulunkyld cast concrete, to drill holes and install about 100
; L thousands of rockbolts. Systematic grouting was
realised during the sinking of shafts.

, N (o o o \ Encountering propylene glykol
and the principal change in the design
First seepage appeared in the tunnel during the
: excavation under the eastern runway. Initial hints of
X o P n odour suggested that water did not seep into the
—— %e:eznica/ Ta""‘l’?y tunnel. The work was subsequently suspended and
\ S = Raiway ntunnel samples were taken. It was found by a thorough sur-
vey that the odour was caused by propylene glycol,
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Obr. 1 Prepojenie Zelezni¢nych stanic Vantaankoski a Tikkurila s letiskom

Fig. 1 Interconnection of Vantaankoski and Tikkurila stations with the airport

Sucastou prvej fazy projektu sd aj parkovacie plochy pre
700 osobnych dut a 840 bicyklov.

Rozchod koTaji je 1524 mm.

Celkovy objem premiestnenej horniny a zeminy pocas
vystavby sa odhaduje na 2,8 mil. m>.

Pre dcely vystavby je projekt rozdeleny na Styri priblizne
rovnaké dseky.

TUNELY POD LETISKOM

Ako uz bolo spomenuté v dvode ¢lanku, spolo¢nost’ Skanska
realizovala tsek s ozna¢enim TO32 (obr. 2). Tento tsek pozo-
staval z vystavby tunelovych rir celkovej dlzky 3000 m, vyra-
zenia kaverny pre letiskovi stanicu priamo pri termindli, vyra-
zenia 4 vetracich Sachiet a zrealizovania betonarskych préc.
Celkovo bolo potrebné vyrazit’ 300 tis. m® horniny a daliich
15 tis. m* horniny pocas hlbenlasachlet zabudovat’ 12,5 tis. m?
striekaného beténu a 2 tis. m> liateho betonu, navrtat’ a osadit’
priblizne 100 tis. m svornikov. Pri hlben{ Sachiet sa realizovala
systematickd injektdz.

Vyskyt propylénglykolu a zasadna zmena projektu

Prvé priesaky v tuneli sa vyskytli pocas raziacich prac pod
vychodnou Startovacou drdhou letiska. Pociato¢né ndznaky
zapachu hovorili o tom, Ze do tunela nepresakuje voda.
Nésledne doSlo k pozastaveniu prac a odobratiu vzoriek.
Dokladnym rozborom sa zistilo, Ze ide o latku propylénglycol,
ktory sa pouZiva pri oSetrovani lietadiel proti zamfzaniu
v zimnom obdobi. Desatrodia pouzivand tekutina kontaminovala

= Rezervované pre stanicu
Reservation for station
s MoOdeMniZECHA dialnice 3
Improvement of Highway 3

which is used for protecting aircraft against free-
zing during winter periods. The liquid that had been
used for decades contaminated the entire ground
environment at the depths of 5-10m under the sur-
face along the length of 400-500m, together with
the route of the future railway link under the air-
port.

It was found out by continual analyses that the seepage of
the liquid through fissures in the ground environment, in reac-
tion with oxygen, allowed for the enormous growth of
a population of microbes. The significantly spread population
of red microbes produced hydrogen sulfide. The gas from this
matter, which may have unfavourable effect on human health,
acted most of all on shotcrete in the tunnel. Measures desig-
ned to remove the undesired condition were implemented as
early as the beginning of the tunnelling operations in the tun-
nel tubes, the cavern and the shafts. The levels of the measu-
red values of the concentration of gases were not as high as to
directly endanger the health of workers. Complications, such
as redness and itching of the skin, insomnia or headache,
could arise in the case of a contact with skin or in the case of
breathing the gases. The use of all prescribed personal protec-
tive equipment was continually strictly checked and thanks to
it we did not encounter similar symptoms. However, the
results of the effects of the matter on the primary lining were
unsatisfactory. The client, after consultation with the designer,
made an unambiguous decision. He ordered that microbes be
removed from the tunnel and proposed that a double lining be
installed in the locations of the seepage. A new tender was cal-
led after the handover of the above-mentioned part TO32 with
respect to the fact that the change in the design was substan-
tial. Skanska succeeded in the competition for removing the
undesired condition in the respective sections. The project
was marked T045.
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Obr. 2 Cast’ T032 na projekte Kehdirata
Fig. 2 Part T032 of the Kehdirata project

celé horninové prostredie v hibkach 5-10 m pod povrchom
na dizke 400-500 m, a teda aj trasu budiceho Zelezni¢ného
spojenia pod letiskom.

PokraCujicimi rozbormi sa zistilo, Ze priesak tekutiny, cez
pukliny horninového prostredia, v reakcii s kyslikom umoZnil
enormny ndrast populdcie mikrébov. Znac¢ne rozSirend populé-
cia mikrébov Cervenej farby produkovala hydrogensulfid. Plyn
tejto latky, ktory mdze mat na zdravie ¢loveka nepriaznivy
vplyv, posobil hlavne na aplikovany striekany betén v tuneli.
Uz pocas samotnych raziacich prac v tunelovych rirach, kaver-
ne a Sachtach boli vykonané opatrenia na odstranenie neziadu-
ceho stavu. Namerané hodnoty koncentracie plynov neboli na
urovniach, aby doSlo k priamemu ohrozeniu zdravia pracovni-
kov. Pri styku s pokoZzkou, resp. nadychani mohli nastat kom-
plikacie ako $Cervenanie a svrbenie pokozky, nespavost, resp.
bolesti hlavy. PouZivanie vSetkych predpisanych osobnych
ochrannych pracovnych prostriedkov bolo neustdle prisne kon-
trolované, a tak sme sa s uvedenymi priznakmi nestretli.
Vysledky posobenia latky na primdrne ostenie vSak boli neu-
spokojivé. Ndsledne investor po konzultdcii s projektantom
urobil jednoznacné rozhodnutie. Nariadil odstrdnit’ mikréby
z tunela a v miestach priesakov navrhol vybudovat'dvojité oste-
nie. KedZe islo o podstatnii zmenu projektu, bola po odovzdani
uvedenej Casti TO32 vypisand novd sitaz. V sitazi na odstrane-
nie neziaduceho stavu v prislu§nych dsekoch uspela spolo¢nost’
Skanska. Projekt dostal oznacenie T045.

Vsetky uvedené skuto¢nosti a navrhované procediry dontiti-
li investora v septembri 2012 k zmene planovaného terminu
otvorenia projektu na jil 2015, o rok neskor oproti pdvodné-
mu planu.

T045 — ROZSIRENIE TUNELOVYCH RUR

Zdakladnou zmenou bolo, Ze projektant nariadil v trase
s vyskytom propylénglykolu zrealizovat systematicku injektaz

v celom useku, rozsirit svetly profil oboch tunelovych rir,

In September 2012, all above-mentioned facts and proposed
procedures made the client change the planned deadline for
the opening of the project to July 2015, one year later compa-
red with the original plan.

T045 — ENLARGEMENT OF TUNNEL TUBES

The basic change was that the designer ordered that systema-
tic grouting be realised along the entire section where the pro-
pylene glycol occurred, the net profiles of both tunnel tubes be
enlarged, a primary lining be installed and the entire section be
subsequently provided with waterproofing, and the permanent
lining from concrete pre-cast elements be installed around the
entire circumference, which is a very unique phenomenon in
Scandinavian countries. But the permanent lining was not part
of the T045 project. All definite concrete casting operations
were part of another construction contract.

In January 2012, employees of Skanska SK — Tunely SK plant
started to work on the construction. A seven-strong team started
to drill holes for the systematic grouting in a continuous 6-day
operation. It was necessary to excavate 35 thousands of m® of
ground, apply 7 thousands of m? of shotcrete, drill 30 thousands
of metres of grouting holes and install about 28 thousands of m
of rockbolts during six months.

The advantage of this construction was the possibility of cre-
ating several working places concurrently. Since the excavation
of the tunnel tubes and the cavern for the future station had been
completed before and a cross passage tunnel had been comple-
ted every 200m, it was possible to carry out a different operati-
on at each particular working place.

Grouting from tunnel tubes

During initial months, Skanska SK workers drilled holes for
systematic grouting using two Atlas Copco rigs (three-boom
XL3C and twin-boom L2C) (see Fig. 3). But it was not classical
systematic grouting during the course of the tunnel excavation.



Obr. 3 Vitanie injektdznych vyvrtov pre systematickii injektdZ pomocou vita-
cich vozov Atlas Copco XL3C a L2C

Fig. 3 Drilling of grouting holes for systematic grouting using Atlas Copco
XL3C and L2C drill rigs

vybudovat’ primdrne ostenie a ndsledne cely usek zaizolovat
a zhotovit'trvalé ostenie z beténovych panelov po celom obvode,
o je v Skandindvskych krajindch velmi ojedinely jav. Trvalé
ostenie vSak uz nebolo sucastou projektu T045, ale vSetky defi-
nitivne betondarske prace boli sicastou tzv. ,,construction con-
tract”, teda inej stavebnej zmluvy.

V janudri 2012 nastipili na projekt TO45 pracovnici Skanska
SK — Zavod Tunely SK. V nepretrzitej 6 dnovej prevadzke
sedemdlenné osadky zacali s vitanim vyvrtov pre systematicku
injektdz. Pocas Siestich mesiacov bolo potrebné vyrazit
35 tis. m> horniny, aplikovat’ 7 tis. m® strickaného beténu,
vyvitat'30 tis. m injektdZnych vyvrtov a zabudovat cca 28 tis. m
svornikov.

Vyhodou tejto stavby bola moznost” vytvorenia niekolkych
pracovisk v rovnakom &ase. KedZe tunelové riry a kaverna
budiicej stanice uZ boli vyrazené a kazdych 200 m bol vybudo-
vany spojovaci tunel, na kazdom pracovisku mohla byt realizo-
vand ind operdcia.

Injektaz tunelovych rar

V priebehu prvych mesiacov vitali pracovnici Skanska SK
vrty pre systematickd injektdZz dvomi vitacimi vozmi Atlas
Copco (trojlafetovym XL3C a dvojlafetovym L2C) (obr. 3).
Neslo vSak o klasicku systematickd injektdZ, pouZivani pocas
raziacich prdc, ale kazdych 6 m bolo vitanych 16 ks 12m vyvr-
tov, priemeru 54 mm, pod 45° uhlom, aby sa v maximalnej moz-
nej miere zabrdnilo prieniku mikrébov do tunela. Z kaZdého
vitania bol vypracovany protokol so zaznamenanim akejkolvek
zmeny poclas vitania. Pri vitani bolo pouZivané vrtné ndradie
Sandvik. Nasledne boli vyvrty, pod tlakom, vyplnené cemento-
vou zmesou s presnou receptirou ddavkovania. Vsetky tudaje
zaznamendval pocitat na USB pomocou systému Logac.
Z kazdej injektaze boli vypracované protokoly a urobené vyhod-
notenie.

Rozsirenie tunelovych rur

Po ukonceni systematickej injektdZe na jednotlivych use-
koch trasy zacali prdce na rozSirovani tunelovych rdr. Na
zéklade vysledkov zo skenera projektant navrhol rozSirenie
profilu tunela o 1,0-1,2 m po celom obvode. Maximélne povo-
lend tolerancia pre rozsSirovany usek bola stanovend na
200 mm. Svetly profil tunela sa tak zvicSil z povodnych
58-90 m* na 87-110 m”. Priemer vyvrtov pre jednotlivé ndlo-
ze trhavin bol 48 mm, dlzka vyvrtov 6 m. Celba bola vzhladom
na rozmery vitand trojlafetovym vrtnym vozom Atlas Copco
XL3C. Pocet vyvrtov bol premenlivy v zdvislosti od hribky
pribierky. Pre kazdy konkrétny pripad bolo potrebné pripravit
vrtnd schému.
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To prevent microbes from intruding the tunnel, 16 pieces of
12m-long holes were drilled every 6m at a 45° angle. A protocol
was carried out from each drilling, recording any change during
the drilling operation. Sandvik drilling tools were used. The
holes were subsequently filled under pressure with cement mix
with a precise dosing formula. All data was recorded by the com-
puter on an USB, using the Logac system. Protocols and assess-
ments were carried out for each grouting event.

Enlargement of tunnel tubes

When the systematic grouting in individual sections of the
route had been finished, the work on the enlargement of the tun-
nel tubes started. On the basis of the results from the scanner,
the designer proposed that the tunnel profile be enlarged by
1.0-1.2m around the entire circumference. The maximum per-
mitted tolerance for the section to be enlarged was set at
200mm. The net tunnel profile was in this way increased from
the original 58-90m? to 87—-110m? The diameter of drillholes
for individual blasting charges was 48mm, their length was 6m.
Taking into consideration the dimensions, a three-boom Atlas
Copco XL3C rig was used for drilling into the excavation face.
The number of drillholes was variable, depending on the enlar-
gement thickness. A drill pattern had to be prepared for each
particular case.

Geology

The alignment of the tunnel tubes led through granitoid rock
types with the strength of up to 250MPa. The rock was tectoni-
cally faulted, frequently affected by surface weathering, locally
containing caverns.

Blasting

The need for more frequent preparation of applicable drill-
and-blast schemes depended on the variability of the enlarge-
ment thickness and the frequent alternation of broken and com-
pact rock. Blasting operations were carried out using Kemix
A explosives with various diameters of charges (17mm, 29mm,
32mm), manufactured by Finish OY Forcit AB, and Nonel non-
electric initiation (see Fig. 4). Electric detonators were used for
the initiation. Continual seismic and noise measurements and
strictly prescribed limits for them even affected the calculation
of the amount and the use of individual types of explosives. The
blasting design exactly specified the amount of explosives in
contour holes.

Mucking out and profiling
Muck was loaded by a CAT 980 loader. It was transported by
4- to 5-axle trucks directly to the permanent stockpile. Muck

)

Obr. 4 Trhacie prdce — ¢elba pred odpalom
Fig. 4 Blasting operations — excavation face before firing
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Geologia

Trasa tunelovych rdr viedla v granitoidnych hornindch pev-
nosti do 250 MPa. Horniny boli tektonicky rozruSené,
s Castymi dosahmi povrchového zvetrdvania, miestami
s vyskytom kaverien.

Trhacie prace

Potreba castej pripravy aktudlnych vrtno-trhacich schém
bola dana premenlivostou hribky pribierky a ¢astym strieda-
nim rozruSenych a kompaktnych hornin. Pre trhacie prdce sa pou-
zivala trhavina Kemix A roznych priemerov naloziek (17 mm,
29 mm, 32 mm) finskeho vyrobcu OY Forcit AB a neelek-
tricky roznet Nonel (obr. 4). Roznet bol iniciovany pomocou
elektrickej rozbusky. Nepretrzité merania seizmiky a hluku,
a ich prisne stanovené limity, mali vplyv aj na vypofet mnoz-
stva a pouzitie jednotlivych druhov trhavin. Projekt trhacich
prac presne Specifikoval mnoZstvo trhavin v obrysovych vyvr-
toch.

Odtazba a profilacia

Odtazba bola realizovand naklada¢om CAT 980. Odvoz
zabezpe€ovali 4- aZ Sndpravové ndkladné autd, ktoré odvdzali
horninu priamo na trvald sklddku. Potreba ndkladnych dut na
jednu odtazbu sa pohybovala v rozmedzi 6-10 dut. Kedze
odvoz horniny vykondvali subdoddvatelia, najdéleZitejSou
ulohou bolo zosuladit' vSetky prace tak, aby odtazba prebieha-
la nepretrzite, aby pristupové cesty boli volné a autd mohli
cyklicky odvazat horninu.

Profildcia tunela sa vykondvala kolesovymi bagrami CAT
a Liebherr, ktoré mali na samotné oCistenie profilu od uvolne-
nej horniny vyrobeny Specidlny pripravok. Tento sposob
odstrdnenia horniny sa ukazuje v tvrdej hornine ako velmi
efektivny. V tomto pripade vSak zacistenie Celby zaberalo vela
¢asu, kedZe dochddzalo k Castému striedaniu kompaktnych
hornin s tektonickymi poruchami. Bez dokonalého profilova-
nia, a teda zabezpecenia pracovného priestoru, nebolo mozné
pristipit k dal§fm operdcidm.

Striekany beton

Primarne zabezpeCenie vyrazeného tseku bolo realizované
horninovymi kotvami CT a strieckanym beténom s rozptylenou
vystuZou hribky 40 mm ihned po profildcii vyrazeného dseku.
Vzhladom na to, Ze niektoré tseky boli velmi tektonicky poru-
Sené a hrozil pad horniny, aj napriek niekolkondsobnej profild-
cii, projektant nariadil zdvojnasobit’ pocet CT kotiev a hribka
bezpecnostného predstreku zo strieckaného beténu s roz-
ptylenou vystuZou sa zdvojndsobila na 70-80 mm. PouZitie
bezpecnostného predstreku v celej dlzke tunelovych rir (prib-
lizne 2400 m) sa neskdr ukdzalo ako nevyhnutné. Striekany
betén bol aplikovany pomocou striekacej stpravy Meyco
Potenza.

Dodatoéna injektaz a ostenie tunela

Na tivod je potrebné spomentit, Ze vSetky prvky zabudované
do ostenia rozSirovaného useku (sietovina, svorniky, platnicky,
matky) mali, vzhladom na agresivitu rozloZeného propyléng-
lykolu, predpisanti antikoréznu tdpravu. V miestach s naj-
dodatocnej injektdZzi s pouzitim cementovej zmesi, vyskytli
priesaky propylénglykolu. Pre tento pripad navrhol projektant
dodato¢nd chemickd injektdZ. V oznaCenych miestach boli
vitané 10 m dlhé vyvrty priemeru 38 mm. Nésledne boli vyvr-
ty vyplnené, pod predpisanym tlakom, Specidlnymi injektdz-
nymi zmesami na baze polyuretdnovych zZivic.

V miestach priesakov s nizkou intenzitou bola inStalovana
stenovd drendz Sirky 40 cm, prekrytd sietovinou a prichytend
o horninu. Nésledne bol aplikovany striekany betén bez roz-
ptylenej vystuze. V pripade potreby sa stenova drendZ apliko-
vala aj vo viacerych vrstvéch.

Tuel

from one excavation advance round required 6-10 trucks.
Because muck was removed by subcontractors, the most impor-
tant task was to harmonise all work operations so that mucking
out continued without interruption, access roads were free and
trucks could cyclically transport the ground.

The tunnel profiling was carried out using CAT and Liebherr
wheeled excavators, which had a specially prepared jig for cle-
aring the loosened rock from the profile. This method of remo-
ving underbreaks has turned out to be very effective in hard
rock. In this case scaling of the face took lots of time because
compact rock frequently alternated with tectonic faults. Without
perfect profiling, which means securing the working space, sub-
sequent operations were not allowed to commence.

Shotcrete

The primary support of the excavated tunnel section was rea-
lised using CT-bolts and a 40mm thick layer of fibre reinforced
primary shotcrete, which was applied immediately after the
excavated section profiling had been finished. Taking into con-
sideration the fact that some sections were intensely tectonical-
ly broken and falling rock threatened despite repeated profiling,
the designer ordered to double the number of CT-bolts and
double the thickness of the preliminary fibre reinforced safety
shotcrete to 70-80mm. The application of the preliminary safe-
ty shotcrete to the whole length of the tunnel tubes (approxima-
tely 2400m) later turned out to be unavoidable. Shotcrete was
applied using a Meyco Potenza spraying set.

Additional grouting and tunnel lining

At the beginning it is necessary to mention that corrosion pro-
tection was prescribed for all elements incorporated into the
lining of the section being enlarged (steel mesh, rockbolts, face
plates, nuts) with respect to the aggression of decomposed pro-
pylene glycol. Propylene glycol seepage occurred in locations
with greatest tectonic faults even despite additional injections
of cement grout. For these cases the designer proposed additio-
nal chemical grouting. Holes 10m long and 38mm in diameter
were drilled in the marked locations. The drillholes were subse-
quently filled under prescribed pressure with special polyuret-
hane resin-based grouting mixes.

In the locations of low intensity leaks a 40cm wide wall dra-
inage was installed and was covered with steel mesh and fixed
to the rock. Shotcrete without fibre reinforcement was applied
subsequently. If necessary, the wall drainage was applied in
several layers.

Tunnel lining

The lining of the tunnel tubes consisted of several shotcrete
layers. The first fibre reinforced shotcrete layer was 90—120mm
thick in the top heading and 40-90mm on the tunnel sides,
depending on the quality of rock. The final layer was applied
after checking the thickness and taking the first layer over by
client’s supervision. The shotcrete for this 40mm thick layer
was without fibre reinforcement. It was also subjected to the
checking and taking over by the client. Meyco Potenza and
Normet sets were used for the application of shotcrete.

Final lining support elements

Final lining support elements were applied for several rea-
sons.

The designer proposed that definite rockbolts supporting the
rock mass be installed only after the completion of the lining,
which means after the application of the final layer of shotcre-
te. It is obvious from this fact that it was necessary when the
holes for rockbolts were being drilled to prevent damage to the
wall drainage or drill through the rock mass stabilised previ-
ously by grouting. In this case each following advance step was
compared with previous outputs from the scanner (see Fig. 5).

All elements were provided with corrosion protection.

Holes for rockbolts had to be drilled with the accuracy of
30mm, first of all the two rows bordering the line of the second




Obr. 5 Vitanie vyvrtov pre definitivne svorniky pomocou vitacieho voza Atlas
Copco E2C
Fig. 5 Drilling of holes for definite rockbolts using Atlas Copco E2C drill rig

Ostenie tunela

Ostenie tunelovych rir pozostdvalo z viacerych vrstiev stri-
ekaného beténu. Prvd vrstva zo striekaného beténu s roz-
ptylenou vystuZou mala, podla kvality horniny, hribku
90-120 mm v kalote a 40-90 mm na bokoch tunela. Po ndsled-
nej kontrole hribky a odobrati prvej vrstvy, zo strany staveb-
ného dozoru, prisla na rad findlna vrstva. T4 sa realizovala
v hribke 40 mm bez rozptylenej vystuze a taktiez podliechala
kontrole a odobierke zo strany investora. Na aplikdciu strieka-
ného beténu boli pouzité stroje Meyco Potenza a Normet.

Definitivne zaistovacie prvky ostenia

Definitivne zaistovacie prvky ostenia boli aplikované
z niekolkych dovodov.

Projektant navrhol, aby definitivne svorniky zaistujice hor-
ninovy masiv boli inStalované az po kompletnej realizdcii
ostenia, a teda aj naneseni findlnej vrstvy striekaného betonu.

Obr. 6a Osadenie definitivnych svornikov
Fig. 6a Installation of definite rockbolts

lining. They had to be on one line throughout the section length
with respect to the future use (see Figures 6a and 6b).

Rockbolts were not inserted into cement grout; instead they
were glued in special adhesives resistant to aggressive environ-
ment. Special 50cm long cartridges with the setting time of 120
and 180s, respectively, were used for gluing.

The rockbolt was secured at the end with 2 face plates and
nuts screwed on it.

Despite the multiple securing of the massif, steel mesh was
installed on top of the rockbolts throughout the section length
and was again secured by a face plate and nut.

LIFT SHAFT

Apart from the enlargement of tunnel tubes, part of the pro-
ject was also a modification of the tunnel and a lift shaft, where
the inflow of propylene glycol was most pronounced.

With respect to the shaft height (16m), the work had to be rea-
lised in phases. In the first phase the shaft was reamed to the

Svornikovanie Zelezni¢niho tunela - Railway tunnel rockbolting
schéma vystrojenia — excavation support chart
(# 1500, L=3000)
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Obr. 6b Schéma osadenia presnych svornikov v charakteristickom profile

Fig. 6b Chart of the precise installation of rockbolts in a characteristic cross-section
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Z uvedeného je zrejmé, Ze pocas vitania vyvrtov pre svorniky
nesmelo dojst k poskodeniu stenovych drendZi, resp. k pre-
vitaniu zainjektovaného horninového masivu. V tomto pripade
kazdy dalsi postup bol najskor porovnivany s predchad-
zajlicimi vystupmi zo skenera (obr. 5).

Vsetky prvky mali antikoréznu tpravu.

Svorniky museli byt vitané a inStalované s presnostou 30
mm, obzvlas$t dva rady, ktoré ohraniCovali liniu druhého oste-
nia. Tie museli byt'v jednej linii v celej dlzke dseku vzhladom
na budtce vyuzitie (obr. 6a, 6b).

Svorniky neboli osadené do cementovej malty, ale boli lepe-
né Specidlnymi lepidlami, odolnymi voci agresivnemu prostre-
diu. Pre lepenie sa pouzivali $pecidlne 50 cm dlhé patrény
s ¢asom tuhnutia 120, resp. 180 s.

Svornik bol na konci zaisteny 2 ks platni¢iek a naskrutko-
vanim matky.

Napriek niekolkondsobnému zaisteniu masivu bola na svor-
niky v celej dlzke dseku inStalovand sietovina a opitovne
zaistend platni¢kou a matkou.

VYTAHOVA SACHTA

Sucastou projektu bola, okrem rozsirenia tunelovych rir, aj
uprava tunela a vytahovej Sachty, kde bol pritok propyléngly-
kolu najvyraznejsi.

7. dovodu vysky samotnej Sachty (16 m) museli byt prace
realizované etapovito. Najprv bola Sachta rozsirend na poza-
dovany profil. Nédsledne boli navitané a vylomené vyklenky
v mieste buddcich vytahov (obr. 7) a zaistené strieckanym betd-
nom. Po celom obvode boli navitané a zabudované lepené
svorniky dlzky 4 m, v rastri 1,25x1,25 m. Po ich instalacii sa
aplikovalo niekolko vrstiev stenovej drenaze a striekaného
beténu. V samotnom zdvere bolo dno Sachty prerazené do
Zeleznicného tunela, kde bol neskor vybudovany Zelezobeto-
novy strop.

Pri tomto objekte je potrebné spomenut’ mimoriadne opatre-
nia pocas trhacich pric. KedZe $achta je umiestnend v tesnej
blizkosti termindlu, bolo potrebné uzavriet prislichajiice par-
kovisko, pristupové cesty pre automobily a pesich, ako aj infor-
movat’ persondl letiska o presnom ¢ase odpalu. Maximdlnou
sucinnostou vsetkych strdn sa podarilo trhacie prace (aj 2 m
pod povrchom) zrealizovat’ bez akejkolvek ujmy na zdravi
a Skodach na majetku, ¢o mozno povazovat'za velky uspech.

Po dokonceni projektu bude vytahova Sachta vybavena dvo-
mi vytahmi spojend priamo s termindlom letiska. Cestujuci,
prichddzajuici do Finska, budd moct priamo z letiskovej haly
prejst’ cez vytahovd Sachtu a pristupovy tunel do vlakovej
stanice.

ZAVER

Zaverom treba skonStatovat, Ze vSetky uvedené prace boli
realizované so zretelom na maximdlnu bezpecnost, ktord je vo
Finsku povaZovand za absolitnu prioritu. Tento projekt bol
dobrym prikladom, ako sa da aj nebezpecnd praca urobit’ bez-
pecne.

Ulelom ¢lanku nebolo opisovat’ len jednotlivé opericie
bezné pri vystavbe aj inych podzemnych objektov. Jeho cie-
Tom bolo poukdzat' na to, ako v kratkom ¢ase mozno reagovat
a prispdsobovat’ projekt danej situacii a ako mozno aj jedno-
duchymi rieSeniami zdolat tak zdvazny problém, akym je kon-
taminovany horninovy masiv chemickymi a biologickymi
¢initelmi. Treba vSak uviest, Ze odstranenie vzniknutého pro-
blému navrhnutymi opatreniami nebolo lacné. Ndklady doda-
toCnej sandcie predstavujui niekolko desiatok mil. eur.

ING. JURAJ JEZEK, juraj jezek@skanska.sk,
SKANSKA SK, a. s.

Recenzovali: Ing. Jdan Kusnir, Ing. Peter Stefko

Obr. 7 Pohlud do vytahovej Sachty na budovany vyklenok
Fig. 7 A recess under construction viewed to the lift shaft

required profile. Recesses were drilled for and excavated in the
locations of future lifts subsequently (see Fig. 7) and were stabili-
sed with shotcrete. Holes were drilled around the whole circumfe-
rence and 4m long resin encapsulated rockbolts were installed in
them on a 1.25x1.25m grid. Several layers of wall drainage and
shotcrete were applied after the installation. In the very end the
shaft bottom was broken into the railway tunnel, where
a reinforced concrete suspended slab was later constructed.

Regarding this structure it is necessary to mention extraordi-
nary measures during blasting operations. Since the shaft is
located in close proximity of the terminal, it was necessary to
close an adjacent parking area, access roads for cars and pede-
strians and inform the airport personnel about exact time of
firing. Owing to the maximum cooperation of all parties, the
blasting operations (even 2m under the surface) were success-
fully realised, without any damage to health and property,
which fact can be considered to be great success.

After the completion of the project the whole shaft will be
equipped with two lifts and will be directly connected with the
airport terminal. Passengers arriving in Finland will be able to
pass directly to the railway station via the lift shaft and the
access tunnel.

CONCLUSION

It is necessary to state in the conclusion that all above-menti-
oned operations were realised with regard to maximum safety,
which is considered in Finland to be the maximum priority. This
project was a good example how even dangerous work can be
carried out safely.

The objective of this paper was not to describe individual
operations which are common during the course of construction
even of other underground structures. Its objective was to point
to the fact how it is possible in a short time to react and accom-
modate the design to the new situation and how it is possible to
overcome such a serious problem as the rock mass contamina-
ted by chemical and biological factors is, using even simple
solutions. However, it is necessary to say that eliminating the
encountered problem by means of the proposed measures was
not cheap. The cost of the additional rehabilitation amounted to
several tens of millions of euros.

ING. JURAJ JEZEK, juraj jezek @skanska.sk,
SKANSKA SK, a. s.
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TUNEL HOLMESTRAND V NORSKU
HOLMESTRAND TUNNEL IN NORWAY

VAN VIDA, ANTON PETKO

ABSTRAKT

Skiisenosti s vystavbou tunelov v zahranici boli a vidy budii vyznamnym prinosom do portfolia tuneldrskych poznatkov firiem aj odbor-
nej verejnosti. Cielom tohto prispevku je podat Citatelom zdkladné informdcie o zaujimavom projekte Zeleznicného tunela Holmestrand
v Norsku a podrobnejsie opisat technologiu razenia a vystavby Casti tejto stavby — stanicného tunela s ictyhodnym svetlym prierezom
487 m? situovanom v oblasti poruchovej zony. Je tu podrobnejsie opisand technoldgia injektdzi a budovania priehradovych nosnikov
a v strednej Eurdpe neobvykly spésob hydroizoldcie a findlnej tipravy ostenia.

ABSTRACT

Experience from building tunnels abroad always has been and will be a significant contribution to the portfolio of tunnelling knowledge
of companies and the professional public. The objective of this paper is to provide information for readers about an interesting project
for the Holmestrand tunnel in Norway and to describe in more detail the method of excavation and construction of a part of this project —
a station tunnel featuring a considerable net cross-sectional area of 487m? — which is located in a weakness zone. The paper describes in
more detail the technology of grouting, the installation of lattice girders, as well as the waterproofing system and finishes of the lining

unusual in Central Europe.

ovoD

Norska Statna Zelezni¢nd spolo¢nost’ (NSB) v sticasnosti rea-
lizuje niekolko vyznamnych projektov v kraji Vestfold vo
vychodnom Noérsku. Dlhodobym pldnom je vybudovanie
vysokorychlostnej Zeleznice z hlavného mesta Oslo do mesta
Kristiansand na juhu krajiny (obr. 1).

INTRODUCTION

NSB, the Norwegian State Railways, is currently realising
several important projects in the north Norwegian region of
Vestfold. The long-term plan is to develop a high-speed rail-
way line from Oslo, the capital, to the city of Kristiansand in
the south of the country (see Fig. 1).
One of the parts of the project is the
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modernisation of the Holm — Nykirke
section leading across the city of
Holmestrand. The work commence-
ment celebration took place in 2010.
The current railway link, the alignment
of which has remained unchanged
since the commissioning in 1881, does
not meet requirements for transport
parameters, such as the transportation
speed and capacity. The modernisation
of the entire track section is necessary
to secure the annual transport capacity
of nearly 3 million passengers. Its
objective is to secure an increase in the
X ; number of passengers and to reduce the
travel times.

Several tunnels are being designed
for this project. One of them is current-
ly under construction. It is located in
the vicinity of the city of Holmestrand.

Skanska Norge AS and Skanska SK a.s.
— Zéavod Tunely SK plant have signifi-
cantly participated in the work on it.
Skanska SK a. s. employees, together
with Norwegian tunnellers, have carri-
ed out a significant proportion of the
drill-and-blast operations, the systema-
tic grouting, mucking-out, tunnel drai-
nage, installation of lattice girders and,
at last but not least, survey services.
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Obr. 1 Trasa Zeleznice z Oslo cez Holmestrand na juh krajiny

Fig. 1 Alignment of the railway from Oslo via Holmestrand to the south of the country

The Holm - Nykirke section is
14.1km long. A 12.3km long part of
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Stdcastou toho projektu je aj modernizdcia dseku Holm —
Nykirke, vediceho cez mesto Holmestrand, ktord bola slav-
nostne zacatd v roku 2010. Sucasné Zelezni¢né spojenie, kto-
rého trasovanie je nezmenené od jeho uvedenia do prevadzky
v roku 1881, nespiﬁa prepravné pramatere, ako st prepravnd
rychlost’a kapacita.

Pre zabezpecenie prepravy takmer troch miliénov cestuji-
cich ro¢ne je nutnd modernizdcia celého tseku trate, ktorej
cielom je zaistit'zvySenie pocCtu prepravenych osdb a skratenie
prepravného Casu.

V ramci tohto projektu je navrhovanych niekolko tunelov,
z ktorych jeden je v sdcasnosti vo vystavbe a nachddza sa
v okolf mesta Holmestrand.

Na jeho budovani sa vyznamnou mierou podiela Skanska
Norge AS a Skanska SK a. s. — Zavod Tunely SK. Zamestnanci
Skanska SK a. s. sa v spolupréci s nérskymi tuneldrmi vyraz-
nou mierou podielaji na vrtno-trhacich pracach, systematicke;j
injektdZi, odtazbe rdbaniny, na odvodneni tunela, budovani
priehradovych nosnikov a v neposlednom rade na geodetic-
kych pracach.

ZAKLADNE UDAJE O PROJEKTE

Dizka tseku Holm — Nykirke je 14,1 km, pricom 12,3 km
z tejto trasy predstavuje dvojkolajny Zelezni¢ny tunel. Ide
o prvy zelezni¢ny projekt v Norsku, ktory je projektovany na
prejazdovi rychlost' 250 km/h v celej dizke budovaného tseku
vratane uvedeného Zelezni¢ného tunela. Tejto ndvrhovej rych-
losti zodpovedd aj smerové vedenie trasy a z neho vyplyva aj
poloha stanice v meste Holmestrand, ktord je budovand
v podzemi skalného ttesu vypinajiceho sa nad mestom tzv.
Holmestrandfjellet (obr. 2).

V tseku stani¢ného tunela Holmestrandfjellet v dizke 260 m
bude profil tunela dosahovat’ vysku 16 m, Sirku 34,5 m
a plocha definitivneho prie¢neho profilu v centrdlnej Casti sta-
nice bude 487 m? (obr. 3). Vybudované budd 3tyri drdhy,
z ktorych dve budu iba prejazdné rychlostou 250 km/h a dve
budu slazit’ako ndstupistia. Projektanti museli najst'inovativne
rieSenie pre zmiernenie neprijemnych pocitov tlaku pri ¢akani
na ndstupistiach pocas prejazdu vlakov uvedenou rychlostou,

Vyjtahova Sachta
Vytahova $achta

= . -

Obr. 2 Vizualizdcia podzemnej Zeleznicnej stanice
Fig. 2 Visualisation of the underground station

this section is formed by a double-track tunnel. It is the first
railway construction project in Norway which is designed for
the travel speed of 250km/h throughout the entire length of the
section being built, including the above-mentioned railway
tunnel. The horizontal alignment corresponds to this design
speed. The location of the station in the city of Holmestrand
follows from the alignment. The station is being built underg-
round, under a rock cliff rising above the city, so-called
Holmestrandfjellet (see Fig. 2).

In the 260m long Holmestrandfjellet station tunnel section,
the tunnel cross-section height and width will reach 16m and
34.5m, respectively, and the definite cross-sectional area in the
central part of the station will amount to 487m? (see Fig. 3).
Four tracks will be built, two of them solely for trains passing
without stopping at the speed of 250km/h and two for the boar-
ding of passengers. Designers had to find an innovative soluti-
on for alleviating the unpleasant feelings of pressure of pas-
sengers waiting on platforms during the passage of trains at the
above-mentioned speed. According to Norwegian colleagues,
this task has had no parallel in the world. The solution lies in
the cross-sections of the running tunnel (130m?) significantly
differing from the station cross-section (nearly 500m?), where
the pressure induced by the entering train is partially reduced
owing to the escape gallery R7, connecting the station tunnel,
with a fan installed in it. The fan will be automatically started

prior to the non-stop pas-
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ject not only in terms of
technology but also in

Obr. 3 Priecny profil podzemnej stanice s dvomi ndstupistami a dvomi prejazdnymi kolajami
Fig. 3 Cross-section through the underground station with two platforms and two tracks for non-stop trains

terms of safety and envi-
ronmental protection.




Co zatial podla ndrskych kolegov nema vo svete obdobu.
RieSenie spociva v znacne rozdielnych priecnych prierezoch
tratového tunela (130 m?) a prie¢neho prierezu stanice (takmer
500 m?), kde sa tlak vyvolany vchadzajicou stipravou &iastod-
ne znizi, a taktieZ tym, Ze do stani¢ného tunela usti unikova
chodba R7, v ktorej bude inStalovany ventildtor. Ten sa auto-
maticky spusti eSte pred prejazdom vlakovej stipravy stanicou
a vyvodi v nej mierny podtlak.

Zelezni¢nu trat vratane tunela budi po dokon&eni projektu
v roku 2016 vyuzivat' Norske Stdtne drahy NSB. AvSak inves-
torom projektu je Jernbaneverket (JBV) — Norska vladna agen-
tdra pre Zelezni¢nd dopravu. Finan¢né prostriedky na vystav-
bu mé pridelené zo Stdtneho rozpoctu a zodpoveda tak za pro-
jektovu a technickd strdnku vystavby, ako aj za bezpecnost
a kompletne dozoruje stavbu nielen technicky, ale aj po stran-
ke bezpecnosti a ochrany zivotného prostredia.

Projekt je rozdeleny na 5 casti:

e UHN 03 HOLM - realizuje Skanska Norge AS, hodnota

projektu je 50 mil. €

e UHN 01 SJOSKOGEN - realizuje LNS, 76 mil. €

e UHN 04 STASJON - realizuje Skanska Norge AS, 125

mil. €

e UHN 06 FIBO - realizuje Skanska Norge AS, 50 mil. €

e UHN 07 SNEKESTAD - realizuje Marti/TAV, 52 mil. €

Sucastou projektu razeného tunela je aj vybudovanie trina-
stich dnikovych tunelov.

Zakladné udaje o iisekoch realizovanych Skanska SK a. s.

UHN 03 HOLM:

* Dizka dseku: 1800 m

e Plocha vyrubu: 132-200 m?

e 2 unikové tunely spolu v celkovej dizke 600 m s plochou

vylomu 35 m?

UHN 04 STASJON

+ Dlzka tseku: 1500 m

* Plocha hrubého vylomu: 132 — takmer 500 m?

e 2 unikové tunely spolu v celkovej dlzke 500 m s plochou

hrubého vylomu 30-50 m?

UHN 06 FIBO

+ Dizka dseku: 2000 m

e Plocha hrubého vylomu: 132 m?

e 2 tnikové tunely spolu v celkovej dizke 450 m s plochou

hrubého vylomu 35-50 m?

Za hlavné vyzvy projektu povaZuju tunelari zo Skanska pre-
venciu pred vodou pritekajicou do tunela, vibracie a hluk,
Cistenie vytekajuicej vody z tunela po raziacich pracach pred
vypustenim do verejnej kanalizacnej siete a do mora ako aj
transport vytazenej horniny po verejnych komunikdcidch.

GEOLOGICKE PODMIENKY

Horninové prostredie predmetnej Casti tunela je tvorené
bazickymi efuzivnymi horninami — prevazne ¢adi¢om permské-
ho veku. Formécia Cadica pozostdava z viacerych lavovych pru-
dov hribky 5-10 m, ktoré st v ich vrchnych Castiach charakte-
ristické ldvovymi konglomerdtmi, ¢iasto¢ne znovu natavenymi.
V poruchovych zénach sa vyskytuji aj polohy cerveného tekto-
nického ilu, tufy a relikty sedimentov. Zaujimavostou st sféric-
ky vyrazne ohrani¢ené c¢adicové balvany velkosti 10-30 cm. Na
cca 60 m useku stanice prechadza Sikmo k jej pozdiinej osi int-
rizia sienitu s metamorfitmi na kontakte s cadiCom.

Tektonika ma prevazne S-J a sCasti V-Z smer. Podzemna
voda je vyluéne viazand na puklinovu priepustnost poruchové-
ho systému. Na nérske pomery mozno tito ¢ast'z geologického
hladiska globdlne hodnotit’ ako zloZitd.

Klasifikdcia kvality horninového prostredia podla klasifi-
ka¢ného systému Q v predmetnej Casti stavby — UHN 04
STASJON:
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The project is divided into 5 parts:

e UHN 03 HOLM - realised by Skanska Norge AS, the pro-

ject value of € 50 million.

e UHN 01 SJOSKOGEN - realised by LNS, € 76 million.

e UHN 04 STASJON - realised by Skanska Norge AS,

€ 125 million.

e UHN 06 FIBO - realised by Skanska Norge AS,€ 50 mil-

lion.

e UHN 07 SNEKESTAD - realised by Marti/IAV, € 52 mil-

lion.

Part of the mined tunnel design is also the construction of
thirteen escape tunnels.

Basic data on the sections being realised by Skanska SK a. s.

UHN 03 HOLM:

e Section length: 1800m

* Excavated cross-sectional area: 132—-200m?

* two escape tunnels at the aggregate length of 600m, with

the excavated cross-sectional area of 35m?

UHN 04 STASJON

e Section length: 1500m

* Excavated cross-sectional area: 132 — nearly 500m?2

e 2 escape tunnels at the aggregate length of 500m, with the

excavated cross-sectional area of 30—50m?

UHN 06 FIBO

e Section length: 2000m

* Excavated cross-sectional area: 132m?

e 2 escape tunnels at the aggregate length of 450m, with the

excavated cross-sectional area of 30—50m?

Skanska tunnellers consider the prevention of water flowing
into the tunnel, vibrations and noise, the treatment of water
flowing from the tunnel after the excavation before dischar-
ging it to the public sewerage network and to the sea and the
transport of muck along public roads to be the main challenges
of the project.

GEOLOGICAL CONDITIONS

The ground environment of the tunnel part in question is for-
med by basic effusive rock types — mostly Permian age basalt.
The basalt formation consists of several 5-10m thick lava
flows, the upper parts of which are characterised by partially
re-melted lava conglomerates. Layers of red tectonic clay,
tuffs and relics of sediments occur in weakness zones. An
interesting feature is the occurrence of spherically significant-
ly bound basalt boulders with the sizes of 10-30cm. An intru-
sion of sienite with metamorphites on contact with basalt cros-
ses at an angle the longitudinal axis of the about 60m long sec-
tion of the station.

The tectonics trending is mostly N-S and partially E-W.
Groundwater is solely bound to the fissure permeability of the
fault system. In the Norwegian conditions, this part can be glo-
bally assessed from the geological point of view as complica-
ted.

The classification of the rock environment quality according
to the Q-system in the particular part of the project - UHN 04
STASJON :

Good Q =10-40 34%

Satisfactory Q= 4-10 33%

Poor Q=14 23%

Very poor Q=0.1-1 9%

Extremely poor Q =0.01-0.1 1%
TUNNELLING TECHNOLOGY

In Scandinavia, underground structures are driven using the
so-called Norwegian Tunnelling Method, the NTM. At first
sight this method has a lot in common with the New Austrian
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Dobra Q =10-40 34 %

Uspokojiva Q=4-10 33 %

Zla Q=14 23 %

Velmi zla Q=0,1-1 9 %

Extrémne zla Q=0,01-0,1 1 %
TECHNOLOGIA RAZENIA

V Skandinévii sa pri razeni podzemnych diel aplikuje takz-
vana Norska tunelovacia metéda (NTM). S Novou rakuskou
tunelovacou metédou(NRTM) pouzivanou v strednej Eurépe
ma sice na prvy pohlad vela spolo¢né, no v skutocnosti sa od
nej principidlne 1iSi. Rozdiel je v hodnoteni geoldgie (podla
klasifikacného systému Q), v spdsobe vystuzovania vyrazené-
ho diela a v neposlednom rade v spdsobe izoldcie diela proti
priesakom vody. Na celom useku vystavby Holm—Nykirke je
aplikovand NTM. Na udsekoch razenych Skanska bude pouZi-
tych 88 000 ks SN svornikov v dizkach 3-18 m, 197 000 m2
vode/mrazu odolnej ochrany, 38 000 m? striekaného beténu
s rozptylenou vyztuzou a strieckaného beténu s polypro-
pylénovymi vldknami.

Okrem 850 m dlhého udseku stanice je razenie realizované
v plnom profile vrtno-trhacimi pracami s dizkou zéberu 5-6 m.
Striekany betén a svorniky zabudovdvané pocas razenia su
aktivnou sucastou ostenia. Na dsekoch realizovanych Skanska
bolo razenie z dévodu Co najefektivnejSieho vyuZitia strojov
a skrdtenia doby vystavby na Co najkratSi Cas realizované
sdicasne na siedmich Celbdch. Pri trhacich pracach je vyuZiva-
ny roznetny systém NONEL a emulzné trhaviny. Vykon trha-
cich prac v oblasti stanice v meste Holmestrand a v blizkost{
obytnych domov na povrchu je obmedzeny na ¢as od 7:00 do
23:00 h. Informéciu o vykone trhacich priac dostiva kazdy
technicky zamestnanec a kazdy obCan z oblasti ohrozenej vib-
raciami a hlukom vo forme SMS spravy z centrdlneho systému
varovania a sledovania ucinkov trhacich pric na prostredie
z pohladu vibracii a hlu¢nosti. Podobne je obmedzeny cas aj
na odvoz rubaniny z tunela po verejnych komunikdcidch od
7:00 do 19:00 hod.

Obrovska pozornost’ vedenia celej stavby je venovand envi-
ronmentdlnym otdzkam a zniZeniu vplyvu vystavby na Zivotné
prostredie a na Zivoty obyvatelov, ktori sa po prijati vSetkych
opatreni so stavbou mimoriadne dobre stotoznili. Napriek
nespornym obmedzeniam, vibracidm pocas trhacich pric, zvy-
Senej prasnosti a hluénosti, citit’ velkd podporu tomuto projek-
tu doslova na kazdom kroku v meste Holmestrand a prilahlych
lokalitach.

Zakladné strojné vybavenie pre raziace prace

6 ks — trojlafetové vrtné vozy AMV 21SGV

5 ks — kolesové nakladace CAT988H s bo¢nym vyklopom

6 ks — dumpre CAT 772

6 ks — bdgre Volvo EW230 na kolesich

Obr. 4 Kalota v najsir§om profile pocas injektdze
Fig. 4 Top heading in the widest profile during the injection of grout

Tunnelling Method (the NATM) used in Central Europe.
However, in reality, it principally differs from it. The differen-
ce lies in the quality assessment (according to the Q-system),
the system of supporting the excavated opening and, at last but
not least, in the waterproofing system protecting the tunnel
against seeping water. The NTM is being applied to the entire
Holm—Nykirke section. The section driven by Skanska will
require 88,000 SN anchors 3-18m long, 197,000m? of
water/frost resisting protection, 38,000m> of steel fibre rein-
forced shotcrete and shotcrete reinforced with polypropylene
fibres.

Apart from the 850m long station section, the tunnels are
being driven full-face, using the drill-and-blast technique with
the excavation advance per round of 5-6m. Shotcrete and
rockbolts installed during the excavation are an active part of
the lining. The excavation in the sections driven by Skanska
continued concurrently at seven headings so that the equip-
ment was used as effectively as possible and the construction
duration was reduced as much as possible. The NONEL initia-
tion system and emulsion explosives are being used for blas-
ting operations. The execution of blasting work in the area of
the station in the city of Holmestrand and in the vicinity of
residential buildings on the surface is restricted to the period
from 7:00 to 23:00 hours. The information about the executi-
on of blasting is received by each technical employee and each
citisen working or living in the area endangered by vibration
and noise in the form of SMS reports from the central system
of warning and monitoring of impacts of blasting operations
on the environment as far as vibrations and noise are concer-
ned. The time dedicated to mucking-away along public roads
is restricted similarly to the period from 7:00 to 19:00 hours.

Enormous attention of the whole construction management
is dedicated to environmental issues and the reduction of
impact of the construction on the environment and lives of
residents, who exceptionally identified themselves with the
project after all measures had been implemented. Despite
undisputable restrictions, vibrations during blasting operati-
ons, increased rates of airborn dust and noise, it is possible to
feel the support for this project literally at every step in the city
of Holmenstrand and adjacent locations.

Basic mechanical equipment for the excavation

6 pcs — AMV 21SGV three-boom drill rigs

5 pcs — CAT988H wheeled side-tipping loaders

6 pcs — CAT 772 dumpers

6 pcs —Volvo EW230 wheeled excavators

5 pcs — Craelius-type grouting sets mounted on a truck, with
a crane and a hydraulic platform for the operator

3 pcs — AMV shotcreting sets

3 pcs — charging trucks for emulsion explosives, which are
equipped even for contour charging

The profile is gradually enlarged in the future station from
132m? nearly up to 500m? (see Fig. 4) throughout the length of
850m and the horizontal excavation sequence (top heading,
bench and invert) was modified to the top heading and bench
in this section (see Fig. 5). Taking into consideration the large
width of the profile (34.5m), the top heading and bench were
in addition divided vertically into the eastern and western half-
profiles, with one half-profile heading advancing about 20—
30m ahead of the other one. The condition survey of all hou-
ses, buildings and important structures was carried out before
the first firing on the whole construction site. These structures
have been monitored throughout the construction period. The
execution of blasting may lead to significant damage to
groundwater, even to draining the swamps and wetland found
on the Holmestrandfjellet surface. To prevent it, thorough



Obr. 5 Razenie stupnia v najsirSej ¢asti stanice kde vyska dosahuje 18 m
Fig. 5 Bench excavation in the widest part of the station, where the height
reaches 18m

5 ks — injektdZne stpravy typu Craulius namontované na
kamiénovom podvozku so Zeriavom a hydraulickou ploSinou
pre obsluhu

3 ks — AMV supravy na striekany betén

3 ks — nabijacie autd na emulzné trhaviny vybavené aj pre
obrysové nabijanie

V objekte budtcej stanice je profil postupne zvicSeny zo
132 m? az na takmer 500 m? (obr. 4) v dizke 850 m a razenie
tu bolo v rdmci horizontdlneho ¢lenenia rozdelené na kalotu
a stupen (obr. 5). Vzhladom k velkej $irke profilu (34,5 m) boli
eSte aj kalota aj stupen vertikdlne delené na vychodny
a zdapadny polprofil, pricom jeden polprofil predbiehal druhy
o cca 20-30 m. Pred prvym odpalom na celej stavbe bola
vykonand pasportizdacia vSetkych domov, budov a délezitych
objektov, ktoré sid sledované pocas celej doby vystavby.
V dbésledku vykondvania trhacich prdc moze dojst k vy-
raznému poskodeniu spodnych vdd, dokonca k odvodneniu
mocarisk a mokradi, ktoré sa nachddzaji na povrchu
Holmestrandfjellet. Aby sa tomuto zabranilo, vykondva sa
dokladnd systematickd injektdZ a monitorovanie stavu pod-
zemnych vod.

SYSTEMATICKA INJEKTAZ

Na vitanie injektdZnych vrtov sa pouZivajui trojlafetové vita-
cie vozy ndrskej vyroby AMV, ktoré st najefektivnejSie pri
vitani vyvrtov diiky 18-24 m. Zo skusenosti pri aplikégii Sys-
neefektivne, dochddza k Ccastej strate vrtného ndradia
a k predlZzovaniu Casu tejto operdcie. Na obr. 6 je schematicky
zobrazend vrtnd schéma a princip efektivneho prekrytia injek-
tdZnych vrtov pri cyklickom razeni.

Technické parametre technolégie systematickej injektaze

« Dizka injektdZnych vrtov: 18-24 m

« Dizka zéberu pri razenf je: 5-6 m

e Priemer vitanych vrtov: 64 mm

e Uhol vrtania: 7°

e Podet vrtov vo vejdri pre profil 130 m?2: 58 ks

InjektdZ je vykondvand po kazdom tretom zdbere razenia,
z ¢oho vyplyva, Ze prekrytie injektdZnych vejarov je
v rozmedzi 6-10 m v zdvislosti od konkrétnych geologickych
podmienok na zdklade vyhodnotenia merani tlakov a vodnych
testov. Na samotni injektdZ sa pouZiva stuprava Atlas Copco
Unigrount na podvozku Volvo a cement je dovdZany preprav-
nymi silami umiestnenymi na podvozkoch Mercedes.
Injektdzna sdprava sa skladd zo Styroch vysokotlakovych
injektdZnych cCerpadiel Atlas Copco, ovlddacej automatiky
(celd injektaz, tlak a mnozstvo injektaZnej zmesi sa zazname-
ndvali na pamitovd kartu), dvoch zdsobnikov na cement,
dvoch aktiva¢nych mieSaciek a mobilnej ploSiny. Siprava bola
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systematic grouting is carried out and the groundwater condi-
tion is monitored.

SYSTEMATIC GROUTING

Three-boom AMYV drill rigs manufactured in Norway are
used for drilling the grouting holes. They are most effective for
drilling 18-24m long holes. It turned out from the experience
obtained during the application of systematic grouting that
drilling of bigger lengths is ineffective, drilling tools are more
frequently lost and the duration of this operation is extended.
The drill rig and the principle of effective overlapping of grou-
ting holes in the case of cyclic driving are schematically pre-
sented in Fig. 6.

Technical parameters of the systematic grouting techno-
logy

e Grouting borehole lengths: 18—24m

e Excavation advance per round length: 5-6m

e Drillhole diameters: 64mm

e Drilling angle: 7°

e Number of boreholes in the fan for a 130m? profile: 58

Grouting is carried out in every third excavation advance per
round. It follows from this fact that the overlapping of the
grouting fans ranges from 6 to 10m, depending on the particu-
lar geological conditions determined on the basis of assessing
the measurements of pressures and hydraulic tests. The grou-
ting itself is carried out using an Atlas Copco Unigrount set
mounted on a Volvo truck. Cement is brought in transport silos
mounted on Mercedes trucks. The grouting set consists of four
Atlas Copco high-pressure grouting pumps, automatic control
system (entire grouting process, pressure and amount of grou-
ting mix are recorded on a memory card), two cement contai-
ners, two activation mixers and a mobile platform. The set was
designed in a way guaranteeing that it is fully independent of
other equipment. Grouting was carried out by three workers,
one of them operating the grouting set, one inserting packers
to drillholes from the platform and one securing the supply of
cement.

Grout formulas

Formulae w/c = 0.8 industrial cement volume of 300L,
pressure of 8Mpa
industrial cement volume of 600L,
pressure of 8Mpa
industrial cement volume of 600L,
pressure of 8Mpa
industrial cement volume identical
with that for formulae No. 1, with
7% of microsilica (flue siliceous
matter obtained in metalurgical pro-
cesses)

CEM 1 42.5 RR with the addition of silicate (marked in the
table as “industrial”’) has been used as a standard. During the
systematic grouting the formulas vary depending on the rock
mass quality and the quantity and pressure of seeping water.
These parameters are determined by the so-called Lugeon test
[2], which lies in pumping water under a certain pressure into
the rock mass through one of the drillholes forming the grou-
ting fan, with concurrent measuring the amount of water and
time. The test result is the hydraulic conductivity of the rock
mass per a running meter of the drillhole. The grouting proce-
dure and formulae for the grout is determined on the basis of
the result. The formulae was changed for the ,,04 STASJON*
part during the passage across the tectonic fault zone (descri-
bed in more detail below) — the excavation advance per round
length and the length of grouting drillholes were reduced to
3m and 12m, respectively. The drilling of grouting holes and
the grouting itself was carried out in two phases. In the first

Formulae w/c = 0.6

Formulae w/c = 0.5

Formulae w/c = 0.8
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navrhnuté tak, aby bola uplne nezdvisld od inych mechaniz-
mov. InjektdZ vykondvali traja pracovnici, z ktorych jeden
obsluhoval injektdznu stpravu, jeden v ploSine zavadzal obtu-
ratory do vyvrtov a jeden zabezpecoval dovoz cementu.

Receptiry pre injektaZne prace

Receptira w/c = 0,8 mnoZstvo aplikovaného priemysel-
ného cementu: 300 I, tlak 8 MPa
mnozstvo aplikovaného priemysel-
ného cementu: 600 1, tlak 8 MPa
mnozstvo aplikovaného priemysel-
ného cementu: 600 1, tlak 8 MPa
mnozstvo aplikovaného priemysel-
ného cementu ako pri receptire €. 1
s pridanim 7% mikrosilicia (kremi-
¢itého uletu ziskavaného pri hutnic-
kych procesoch)

Ako Standardny cement (v tabulke oznaceny ako priemysel-
ny), sa pouziva cement CEM I 42,5 RR s prisadou silikatu. Pri
systematickej injektdZi sa receptiry a systém injektdZe menia
podla kvality horniny, mnozstva a tlaku pritekajicej vody.
Tieto parametre sa zistuju tzv. Lugeon testom [2], ktory spoci-
va vo vhanani vody pod uréitym tlakom do horninového masi-
vu niektorymi z vrtov injektaZzneho vejara za sic¢asného mera-
nia mnoZzstva vody a Casu. Vysledkom testu je hydraulickd
konduktivita masivu na bezny meter vrtu. Na jej zdklade sa
stanovi postup a receptura injektdze. Tak aj na Casti ,,04
STASJON* bola receptira pri prechddzani tektonickou poru-
chou (podrobnejsie opisanou nizZ$ie), zmenend — dizka zdberu
razenia bola skrdtend na 3 m a dizka injektdZnych vrtov na
12 m. Vrtanie injektdZnych vrtov aj samotnd injektdZ prebie-
hali v dvoch fézach. V prevej fdaze bolo navitanych 22 vrtov
a na injektdz bol pouzity cement CEM I 42,5 RR s prisadou

Receptira w/c = 0,6
Receptira w/c = 0,5

Receptira w/c = 0,8

Tuel

Typické dizka prekrytia 18 az 24 m
Typical overlaping lenght 18 to 24m

Vitanie pod uhlom 5° az 10°
k osi tunela
Drilling at an angle of 5° to 10°
to the tunnel axis

Obr. 6 Ndcrt vejdra vrtov pre systematickii injektdZ
Fig. 6 A sketch of the fan of drillholes for systematic grouting

phase, 22 holes were drilled and CEM 1 42.5 RR with an addi-
tion of silicate was used for grouting, with the pressure redu-
ced to 6.0MPa. In the second phase, after 12 hours, additional
22 holes were drilled and microfine cement with an addition of
silicate was used for grouting. Formulas (the w/c ratio) identi-
cal with those described above were used and the pressure was
also reduced to 6.0MPa.

INSTALLATION OF LATTICE GIRDERS

One of the most important working operations carried out by
employees of Skanska SK a. s., Zdvod Tunely SK plant till
February 2014 was the installation of lattice girders in the tec-
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1 - zdkladny diel kaloty — basic part of top heading
2 — bocny diel kaloty — side part of top heading
3 — boény diel stupria — side part of bench
4 — prvy diel zvislej Casti vertikdlne delenej kaloty
first part of vertical part of vertically divided top heading

30811

T 240 li
5 — druhy diel zvislej Casti vertikdlne delenej kaloty
second part of vertical part of vertically divided top heading
6 — skrutkovany spoj medzi jednotlivymi dielmi
bolted joint between individual components
7 — patka | base plate

Obr. 7 Schéma konStrukcie priehradovych nosnikov
Fig. 7 The structure of lattice girders




Obr. 8 Prvd fdza budovania priehradovych nosnikov
Fig. 8 The first phase of the installation of lattice girders

silikdtu a tlak bol zniZeny na 6 MPa. Po 12 hodindch bolo
v druhej fdze navitanych tiez 22 vrtov a na injektdZ bol pouZzi-
ty mikromlety cement s prisadou silikdtu. Receptiry (pomer
vody k cementu) boli pouzité také isté, ako je uvedené vysSie
a tlak bol tieZ zniZeny na 6 MPa.

ZABUDOVANIE PRIEHRADOVYCH NOSNIKOV

Jednou z najddleZitejSich pracovnych operdcii pracovnikov
Skanska SK a. s., Zdvod Tunely SK do februdra 2014, bolo
zabudovanie priechradovych nosnikov v tektonicky narusSenej
oblasti stani¢ného tunela. Charakteristickym geomorfologic-
kym rysom tejto oblasti je ¢adiCovd stena, v ktorej bude vybu-
dovand stani¢nd hala. Z geologického hladiska je tdto neho-
mogénna Cast'tvorend ¢adicovymi pridmi lavy, ktoré obsahuji
vrstvy Cerveného tektonického ilu a pieskovca, tufy a lavové
konglomeraty. Plosina Holmestrand je sti¢astou tejto formacie
¢adia. Pozdiz planovanej trasy Zelezni¢ného tunela su tekto-
nické poruchy réznych velkosti a vlastnosti.

Jedna z nich tvori pasmo Siroké 2 m, pretinajice susediaci
cestny tunel Holmestrandtunnel v jeho severnej Casti. Na
zéklade tychto informacii bolo zrejmé, Ze porucha bude pre-
chéadzat’ aj Zelezniénym tunelom, a to v mieste juznej Casti sta-
ni¢nej haly a pristupovym tunelom R8. Projektant preto roz-
hodol, Ze v tejto Casti projektu bude stabilita tunela zabezpe-
¢end zabudovanim ocelovych priehradovych nosnikov
v kombindcii so strieckanym beténom. V technoldgii razenia
bol skrateny zdber z 5—6 m na 3 m a do obrysu musel byt pred
kaZzdym zdberom zabudovany ochranny ddZdnik v dizke 6 m
tvoreny samozdvrtnymi IBO svornikmi. Po zabudovani prie-
hradovych nosnikov a nastriekani 20 cm vrstvy beténu
s rozptylenou vyztuZou boli zabudované 4 m dlhé SN svorni-
ky v rozstupe 2x2 m. Osova vzdialenost prichradovych nosni-
kov bola 1 m.

Po odpale a vytazeni ribaniny nasledovalo profilovanie stro-
pu a bokov tunela a ndsledne, po aplikicii bezpecnostného
predstreku strickanym beténom s rozptylenou vystuZou aj
zabudovanie priehradovych nosnikov. Technoldgia zabudova-
nia nosnikov bola $pecifickd tym, Ze prebiehala v niekolkych
fazach. V Casti tunela, kde bolo potrebné zabudovat prichrado-
vé nosniky, bola Celba ¢lenend na kalotu a stupen. Vychodny
polprofil Celby v tuneli bol vedeny s cca 20-30 m predstihom,
takZe po aplikdcii bezpecnostného predstreku boli v prvej faze
zabudované obidva diely ¢. 1 a 2 (obr. 7) ukotvené na bocnych
horizontdlnych priehradovych nosnikoch a na druhej strane
boli zabudované diely ¢. 4 a 5, ktoré plnili funkciu do¢asnych
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tonically faulted zone of the station tunnel. The station hall
will be built in a basalt wall, which is a characteristic geo-
morphological feature of this zone. From the geological point
of view, this inhomogeneous part is formed by basaltic lava
flows containing layers of red tectonic clay and sandstone,
tuffs and lava conglomerates. The Holmestrand plateau is part
of this basalt formation. There are tectonic faults with various
sizes and properties along the planned alignment of the rail-
way tunnel.

One of them is formed by a 2m wide zone crossing the adja-
cent Holmestrandtunnel road tunnel in its northern part. It was
obvious on the basis of this information that the fault zone
would pass also across the railway tunnel, in the southern part
of the station hall, and across the access tunnel R8. The desig-
ner therefore decided that the stability of the tunnel in this part
of the project would be secured by installing steel lattice gir-
ders in combination with shotcrete. In the tunnelling technolo-
gy, the excavation advance per round length was reduced from
5-6m to 3m and a canopy consisting of 6m long self-drilling
IBO rockbolts had to be installed prior to each advance. After
the installation of the lattice girders and application of a 20cm
thick layer of fibre reinforced shotcrete, 4m long SN rockbolts
were installed at the spacing of 2x2m. The centre-to —centre
spacing of the lattice girders was Im.

After firing and mucking-out, the profiling of the tunnel roof
and sides followed and, subsequently, after the preliminary
safety application of fibre reinforced shotcrete, even the instal-
lation of lattice girders. The lattice girders installation techno-
logy was specific in the fact that it proceeded in several pha-
ses. In the tunnel part where the installation of lattice girders
was necessary, the excavation sequence consisted of top hea-
ding and bench. The eastern half of the excavation face was
driven about 20-30m ahead, which means that, after the preli-
minary safety application of shotcrete, the components No. 1
and 2, anchored into horizontal lattice girders on the sides,
were installed in the first phase (see Fig. 7) and components
No. 4 and 5, fulfilling the function of supporting legs (see Fig.
8) were installed on the other side of the half-profile. Both
components No.l and 2 were assembled in advance and were
transported to the installation place as an about 18m long unit
with the aim of reducing the assembly time. The transport and
assembly was carried out using a Volvo EW 230 wheeled exca-
vator equipped with a rotating head with a hydraulic fast clam-
ping device. A specially modified clamp was mounted on it
allowing safe moving of the girders with the above-mentioned
length (see Fig. 9). During the course of the assembly operati-
on, i.e. the anchoring to the horizontal components on the
sides and the installation of the supporting legs, the lattice gir-
ders supported by the excavator were safely clamped in the
above-mentioned mechanism. In the second phase, during the
course of the excavation of the western half of the top heading,
three pieces of the supporting legs (which corresponded to the
reduced excavation advance per round length of 3m) were
always disconnected from the component No.l and, after
firing, the second half of the lattice girders was installed in the
same way. After the completion of the lattice girders in the top
heading, the temporary supporting legs were removed. The last
phase of the installation comprised the addition of components
No. 3 during the excavation of the bench. The technology was
identical, which means that, after the preliminary safety appli-
cation of shotcrete, the components No. 3 were connected to
the horizontal components installed in the first phase and were
anchored to the corresponding horizontal component at the
excavation bottom. The last step was the application of a 20cm
thick layer of fibre reinforced shotcrete.
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podpernych noh (obr. 8). Aby bol as montdze ¢o najrychlejsi,
boli obidva diely ¢. 1, a diel ¢. 2 zmontované v predstihu a na
miesto zabudovania boli dopravené ako celok diiky cca 18 m.
Na dopravu a montdz sa pouzival kolesovy bager Volvo EW
230, vybaveny oto¢nou hlavicou s hydraulickym rychloupina-
¢om, na ktorom bol upevneny $pecidlny upinaci mechanizmus,
aby sa dali bezpeCne premiestnit' nosniky s uvedenou dizkou
(obr. 9). PoCas montdze, to znamend ukotvenia na bo¢né hori-
zontdlne diely a zabudovania podpernych néh, boli priehrado-
vé nosniky podopierané bagrom, bezpecne uchytené
v uvedenom mechanizme. V druhej faze, pri razeni zdpadnej
polovice kaloty, boli vZdy tri kusy podpernych néh (to zodpo-
vedd skrdtenému zdberu na 3 m) pred odpalom uvolnené
v mieste spojenia s dielom ¢. 1 a po odpale bola rovnakym
sposobom zabudovand druhd polovica priehradovych nosni-
kov. Po skompletovani priehradovych nosnikov v kalote boli
docasné podperné nohy odstranené. Poslednou fazou zabudo-
vania bolo doplnenie dielov ¢. 3 pri razen{ stupna. Technoldgia
bola rovnaka, teda po aplikacii bezpecnostného predstreku boli
diely ¢. 3 napojené na horizontalne diely zabudované v prvej
faze a ukotvené na rovnaky horizontalny diel na dne vyrubu.
Poslednym krokom bola aplikdcia 20 cm striekaného beténu
s rozptylenou vyztuzou.

IZOLACIA TUNELA PROTI PRIESAKOM VODY

Pri vystavbe tohto 12,3 km dlhého tunela bude v rdmci
Norskej tunelovacej metédy (NTM) aplikovand kombindcia
viacerych pouzivanych spdsobov hydroizolicie a findlnej
upravy ostenia:
e montovand hydroizolatnd membrdna zavesend na ocelo-
vych kotvach s kvalitnou protikor6znou ochranou
a prefabrikované beténové elementy v celom profile tunela,

 PE pena hriibky 50 mm, ocelovd KARI siet’a striekany betén
s polypropylénovymi vldknami v celom profile tunela,

¢ kombindcia montovanej membrany a prefabrikované beténo-

vé elementy na bokoch

Obr. 9 Priehradové nosniky pocas montdZe v kalote
Fig. 9 Lattice girders during the course of the assembly in the top heading

WATERPROOFING SYSTEM PROTECTING
THE TUNNEL AGAINST SEEPING WATER

A combination of several waterproofing systems and final
treatment of the lining will be applied to the construction of
this 12.3km long tunnel within the framework of the
Norwegian Tunnelling Method (the NTM):

e a fabricated waterproofing membrane hanging on steel
anchors provided with high-quality corrosion protection
and pre-cast concrete elements around the complete tunnel
profile,

e PE foam layer 50mm thick, steel KARI mesh and fiber
reinforced shotcrete around the complete tunnel profile,

e a combination of a fabricated membrane and pre-cast
concrete elements on the tunnel sidewalls with PE foam,
steel KARI mesh and shotcrete on the tunnel roof.

tunela s PE penou, oce-
lovou KARI sietou
a striekanym beténom
v strope tunela.

Z uvedeného vyplyva,
Ze komplex prdc stvisia-
cich s jednotlivymi alter-
nativami pozostava z na-

PE pena+ocelova KARI siet
PE foam + steel KARI mesh

Svorniky priemeru 16 mm
Rockbolts 16mm dia

/

sledovnych operdcii. Pri
prvej alternative si na-
vitané vrty podla vopred
zadanych smerov a dlZok,
potom sa montujui svorni- /
ky priemeru 30 mm lepe-
né do cementovej malty,
ndsledne je zavesend félia .
a nakoniec st budované 1N /
prefabrikované beténové |/
elementy. Jednotlivé pdsy ‘

Beténové prefabrikaty
Pre-cast concrete blocks

félie su spojené tepelnym
zvaranim podobne ako pri
medzilahlej izoldcii pri
NRTM s tym rozdielom, '
Ze tu folia visi na kotvach
a priestor medzi vyrubom, \

resp. striekanym beténom _
a féliou je volny. Pri apli-
kicii druhej metédy su

Membrana - izola¢na félia
Waterproofing membrane

navitané vrty a osadené

Obr. 10 Schematické zobrazenie kombinovaného variantu

Fig. 10 Schematic picture of the combined alternative
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Obr. 11 Montdz hydroizolacnej membrdny
Fig. 11 Installation of the waterproofing membrane

svorniky priemeru 16 mm kotvené do dvojzlozkového lepidla,
ktoré musia byt'v radidlnom smere, aby zavesena PE pena tvo-
rila idedlny profil tunela. Po osadeni PE peny sa v celom profile
inStaluje ocelovd KARI siet' a na zaver ja aplikovany striekany
bet6n s polypropylénovymi vldknami. Vitanie pri oboch alternati-
vach je realizované S$pecidlnym svornikovacim vitacim vozom
AMYV, ktory je vybaveny lafetou s dvomi paralelnymi kladivami,
aby bol schopny vitat'dva vrty sicasne. Tretia alternativa je kom-
bindciou predchddzajicich dvoch, pricom na boky tunela sd zabu-
dované beténové elementy s vopred zavesenou hydroizolacnou
foliou a do stropu chodby je osadena PE pena so strickanym bet6-
nom (obr. 10). Sucastou tychto prac je aj testovanie osadenych
svornikov na tah, pricom investorom poZaduje meranie kazdého
zabudovaného svornika. Hydroizola¢nd membréna je montovand
prostrednictvom mechanizovaného voza a v miestach zavesenia
na svorniky je utesnend pritlacenim dvoch protikusov ocelovych
platnic¢iek s gumenym tesnenim (obr. 11).

ZAVER

OdliSnosti sposobu vystavby tunelov NTM a NRTM vyply-
vaju z historickych skisenosti v jednotlivych krajinach, ale
hlavne z geologickych podmienok, prevazného zastipenia
horninovych typov, tektonického porusenia masivov a v ne-
poslednom rade aj z geologického veku horninového prostredia.
Okrem uZ spomenutych odliSnosti je to hlavne systém klasifika-
cie horninového masivu, (v miestnej terminolégii nazyvanej
Q-metéda) [1] oproti ONORM 2203 pouZivanej v NRTM, dalej
razenie plného profilu, ako aj absencia principu spolupdsobenia
horninovej klenby po prebehnuti konvergencii a taktieZ pre nas
iny systém primdrneho a sekundarneho ostenia.

Vseobecne je mozno konstatovat, Ze $kandindvske krajiny
majui geologické prostredie vhodnejSie na stavbu podzemnych
diel, vystavba je podstatne lacnejSia a jednoduchsia. Stdlo by
vSak za uvaZenie niektoré technolégie, prvky, ¢i principy apli-
kovat'aj v naSich podmienkach, hlavne v kvalitnej§ich vyrubo-
vych triedach.

ING. IVAN VIDA, ivan.vida@skanska.sk,
ING. ANTON PETKO, anton.petko@skanska.sk,
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Recenzovali: Ing. Miloslav Frankovsky, Ing. Jdan Snopko
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It follows from the above-mentioned text that the complex of
works associated with the individual alternatives consists of the
following operations. At the first alternative, holes are drilled in
compliance with pre-set directions and lengths, the installation
of 30mm-diameter rockbolts encapsulated in cement grout fol-
lows, the membrane is applied subsequently and pre-cast conc-
rete elements are installed in the end. Individual membrane
mats are connected by heat-welding similarly as it is carried out
in the case of intermediate waterproofing at the NATM. The
only difference is that in this case the membrane is suspended
from anchors and the space between the excavation surface, or
the shotcrete, and the membrane is free. When the second met-
hod is applied, holes are drilled and 16mm-diameter rockbolts
are inserted into a two-component adhesive; the rockbolts have
to be installed radially so that the PE foam hanging on them fol-
lows the ideal tunnel profile. After the application of the PE
foam the steel KARI mesh is installed around the complete pro-
file and fibre reinforced shotcrete is applied in the conclusion.
The drilling is realised in both alternatives using an AMV drill
rig, which is equipped with a boom with two parallel drifters to
be capable of drilling two holes simultaneously. The third alter-
native is the combination of the previous two alternatives, with
concrete elements with a waterproofing membrane fixed to
them in advance installed on the tunnel sidewalls and PE foam
and shotcrete is applied to the tunnel roof (see Fig. 10). Part of
this work are also pull-out tests of the installed rockbolts; the
project owner requires testing of each installed rockbolt. The
waterproofing membrane is installed using a mechanised scaf-
fold. It is sealed at the points where it is hung on the rockbolts
by pressing two counterparts of steel plates provided with rub-
ber seal (see Fig. 11).

CONCLUSION

The differences between the NTM tunnelling and the NATM
follow from historic experience in individual countries, but
most of all from geological conditions, the prevailing repre-
sentation of roc types, tectonic faulting of rock massifs and, at
last but not least, from the geological age of the rock environ-
ment. Apart from the above-mentioned differences, it is main-
ly the system of rock mass classification (called the Q-system
in the local terminology) [1] in contrast with the ONORM
2203 used in the NATM; other differences comprise the full-
face excavation, the absence of the principle of interaction of
the natural arch when the development of convergences is
finished and also the system of the primary and secondary
lining, which is different for us.

In general it is possible to state that the geological environ-
ment in Scandinavian countries is more favourable for the con-
struction of underground structures; the construction is much
cheaper and simpler. It would however be worth consideration
whether some technologies, elements or principles could be
applied even to our conditions, first of all in higher-quality
excavation support classes.
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ING. ANTON PETKO, anton.petko@skanska.sk,
SKANSKA SK a. s.
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TUNEL NORDFJORDUR, ISLAND
NORDFJORDUR TUNNEL, ICELAND

ALES GOTHARD, IVAN PIRSC

ABSTRAKT

Cldnek shrnuje zdkladni informace o projektu Nordfjardargdng (tunelu Nordfjorour) realizovanym na vychodnim pobiezi Islandu spolec-
nosti Metrostav a. s. Popisuje projekt a technické parametry tunelu, ktery bude po svém dokonceni nejdelsim silnicnim tunelem na Islandu.
Popisuje také problematiku zastizené geologie s nesoudrinymi sedimentdrnimi vrstvami tufii a navrZenymi opatrenimi pro raZby v téchto
podminkdch. V dalSich &dstech popisuje mimo jiné navrZenou strojni sestavu a dosazené vykony pri razbdch a zdkladni terminy tohoto pro-

Jjektu.

ABSTRACT

The paper summarises basic information on the Nordfjardargong (Nordfjorour tunnel) project realised on the eastern coast of
Iceland by Metrostav a. s. It describes the design and technical parameters of the tunnel, which will be the longest in Iceland after
the completion. In addition, it describes problems posed by the encountered geology containing incohesive sedimentary layers of tuffs
and the measures designed for the excavation passage through these conditions. In the other parts it describes, among other things,
the designed equipment set, the excavation advance rates achieved and basic deadlines of this project.

uvob

V srpnu 2013 zahdjila spolecnost Metrostav a. s. ve sdruze-
ni s islandskou stavebni spole¢nosti Sudurverk ehf. prace na
projektu silni¢niho tunelu Nordfjardargéong na vychodnim
pobrezi Islandu. Po svém dokon&eni bude tento dvoupruhovy
tunel se svou raZenou Casti nejdelSim silniénim tunelem na
Islandu. Celkova linie projektu je 15,2 km dlouhd, z cehoz
7,56 km tvori razeny tunel a zbyvajici polovinu trasy nove
zbudované komunikace. Hlavnim udcelem projektu je spojeni
dvou sousednich mést Eskifjordur a Neskaupstadur bezpecnou
a na udrzbu nendro¢nou trasou. V kazdém meésté Zije okolo
tisice stalych obyvatel, které v soucasnosti déli zhruba 24 km
dlouhd cesta prekondvajici hibet fjordu s pfevySenim vice nez
600 m. Na této komunikaci se nachdzi také stdvajicim potre-
bam nedostacujici jednopruhovy, 640 m dlouhy tunel
Oddskardgong (obr. 1).

Tento tunel byl dokoncen v roce 1977 po témér pét let trva-
jict vystavbe, pravidelné preruSované v zimnim obdobi. Tato
komunikace je jedinou pfistupovou cestou do vzdilenéjs$iho
mésta Neskaupstadur, ve kterém se nachdzi oblastni nemocni-
ce a stfedni §kola. Zimni didrzba trasy je vzhledem k jeji polo-
ze velmi ndro¢nd a ndkladnd a kazdym rokem byva nékolik dni
zcela neprujezdnd.

V roce 2005 nechal islandsky sprdvce komunikaci Vega-
gerdin hf. zpracovat studii proveditelnosti tunelu Nordfjar-
dargong, ze které byla vybrdna jedna z mozZnych tras (obr. 2)
a islandsky projektant, spolecnost Mannvit ehf., na jejim
zékladé zpracoval zaddvaci dokumentaci. O rok pozdéji bylo
ovSem rozhodnuto o realizaci ,,konkurencniho* projektu,
Hédinsfjardargong, ktery tentyZz rok ziskal a v roce 2010
dokonéil jako svuj prvni projekt na Islandu Metrostav a. s. ve
sdruzeni se spole¢nosti Hafell ehf. Vlastni realizace tunelu
Nordfjardargong tak byla o nékolik let odsunuta a také vzhle-
dem k islandské bankovni krizi zahdjena az v roce 2013. Na
zdkladé IST 30:2012 (islandskda obdoba red FIDIC) bylo
vypsdno dvoukolové vybérové fizeni na dodavatele stavby,
v némZ uspélo sdruZeni spole¢nosti Metrostav a. s. a Sudurverk
ehf. Zatimco Metrostav a. s. zajiStuje ve sdruzeni vlastni razby
tunelu, docasné a findlni vystrojeni a betondZe hloubenych

INTRODUCTION

In August 2013 Metrostav a. s. in a consortium with Iceland-
based Sudurverk ehf., started the work on the Nordfjardargong
road tunnel on the eastern coast of Iceland. After completion,
this double-lane tunnel will be the longest road tunnel in
Iceland with its mined part. The entire project route is 15.2km
long; 7.56km of this length is taken by a mined tunnel and the
remaining half of the route consists of newly built roads. The
main purpose of the project is to connect two neighbouring
towns of Eskifjordur and Neskaupstadur by a safe, low-mainte-
nance route. Each of the towns has a permanent population of
one thousand. They are currently divided by an approximately
24km long road overcoming a fjord ridge with the difference in
elevation over 600m. There is Oddskardgong single-lane tunnel
located on this road, which is however insufficient for current
needs (see Fig. 1).

This tunnel was finished in 1977, after the nearly five years
lasting construction, which was regularly suspended during
winter seasons. This road is the only access road to the remoter
town of Neskaupstadur, in which there is a regional hospital
and a high school. Taking into consideration the location, the
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Obr. 1 Pohled na portdl tunelu Oddskardgong
Fig. 1 View of the Oddskardgiong tunnel portal
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winter maintenance of this
route is very demanding and
expensive and the road has
usually been every year total-
ly impassable for several
days.

In 2005, Vegagerdin hf., the
Icelandic roads administrator,
had a feasibility study prepa-
red for the Nordfjardargdng
tunnel. One of the potential
routes was selected from the
study (see Fig. 2) and Man-
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Obr. 2 Mapa oblasti
Fig. 2 Map of the region

useku, partnerskd spolenost zajiStuje predstihové price na
zafizeni staveni§té a piipravé zdfezu a po provedeni raZeb také
vnéjsi terénni tpravy vCetné findlni vozovky, elektrorozvoda
a ostatni telematiky tunelu. Stavebnim dozorem byla povéfena
islandskd spole¢nosti HNIT hf. Oficidlnim jazykem projektu je
islandStina, ve které probihaji vSechny kontrolni dny a je v ni
také zpracovana kompletni projektovd dokumentace.

PROJEKT A TECHNICKE PARAMETRY TUNELU

Veskeré razebni prace jsou provddény tunelovaci metodou
Drill&Blast, vhodnou do mistnich geologickych podminek
mladych basaltickych hornin. BéZny pii¢ny profil tunelu je
obdobou norského standardu T8 s plochou vyrubu 54,7 m?2
(obr. 3). V trase bude ddle vyrazeno celkem 14 nouzovych
zaliva s pri¢nym profilem 77,27 m2 (obr. 4), pfi¢emZ 8 z nich
bude realizovano s dal§i bo¢ni rozrdzkou s profilem 34,5 m2,
resp. 53,4 m2. Tyto rozrdzky poslouZi pro umisténi technolo-
gie tunelu a soucasné jako bezpe¢nostni komory v pripade
pozaru. Razby budou s odstupem tff mésicu zahdjeny z obou
portdlu, a to v délkdch 4740 m ze zdpadniho a 2826 m
z vychodniho portdlu. VétSina trasy tunelu je vedena
v oblouku s polomérem 12 000 m, v priportdlovych dsecich
je polomér 700 m, s dovrchnim stoupanim 3 %, resp. 1,5 %.
Primérni zaji$téni vyrubu se provddi pomoci svornikové
vyztuZe a stiikanych betona v tloustce 40-60 mm. Veskeré
provadéné stiikané betony musi splnovat mimo jiné pozadav-
ky na energetickou pohlitivost E700 a pevnost v prostém
tlaku 26 MPa. Definitivni vyztuZeni tunelu, které tvori dals{
vrstva stifkanych betonu v tl. 40-180 mm a piipadné zahus-
téni rastru svornikové vyztuze, bude provadéno az po ukon-
Ceni razeb. Svornikovd vyztuz slouzici k primarnimu zajiste-
ni vyrubu bude uvaZovdana také jako soucdst definitivniho vy-
ztuzeni dila, a proto jsou vSechny svorniky opatfeny ochran-
nou vrstvou zinku a epoxidového nétéru. V prubéhu razeb se
pouzivaji prevdazné mechanicky upinané svorniky typu
CT-bolt a svorniky typu SN aktivované po 24 hodinich

nvit ehf., an Icelandic desig-
ning office, prepared tender
documents its basis.
Nevertheless, a decision was made that
a “competing” Hédinsfjardargdéng project should be realised.
The tender was won by Metrostav a. s. in consortium with
Héfell ehf. The construction was finished in 2010 as the first
Metrostav’s project in Iceland. The realisation of the
Nordfjardargdng tunnel itself was therefore postponed for seve-
ral years and the construction commenced, among other rea-
sons with respect to the Icelandic banking crisis, later in 2013.
The contract which went out to tender was based on the IST
30:2012 (the Icelandic analogy to FIDIC Red Book). The con-
sortium consisting of Metrostav a. s. and Sudurverk ehf. succe-
eded the While Metrostav
a. s. carries out the tunnel excavation, temporary and final sup-
port and casting of concrete in cut-and-cover sections, the part-
ner company ensures early works on the site facilities and pre-
paration of cuttings and, after the completion of the tunnel
excavation, also external terrain finishes including the final
roadway, wiring and installation and other tunnel telematics.
HNIT hf., an Icelandic company, was authorised to carry out
client’s supervision. The official language is Icelandic,
which all progress meetings are held and the complete design is
worked out.

on
a year later,

in two-round competition.

in

TUNNEL DESIGN AND TECHNICAL PARAMETERS

All tunnelling operations are carried out using the
Drill&Blast technique, which is suitable for the local geologi-
cal conditions formed by young basaltic rock. The common
tunnel cross-section is an analogy to the Norwegian standard
T8 with the excavated cross-sectional area of 54.7m? (see Fig.
3). The total of 14 emergency lay-bys with the excavated cross-
sectional areas of 77.27m2 will in addition be excavated along
the route (see Fig. 4); 8 of them will be realised with an additi-
onal side stub with the profile of 34.5m?2 and 53.4m?2, respecti-
vely. These tunnel stubs will be used for the installation of tun-
nel equipment and, at the same time, will serve as emergency
niche cabins in the case of a fire. The excavation will start from
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Obr. 3 Bézny pricny fez v profilu T8

Fig. 3 Common cross-section in profile T8

v poméru zhruba 70/30. Ve zhorSenych geologickych pod-
minkdch se k zajisténi stability vyrubu pouzivaji také samo-
zavrtné kotvy typu IBO a KARI sité. Ve zv1ast nepfiznivych
geologickych podminkach se uvaZzuje pouziti ocelovych pri-
hradovych rdmu ve spojeni s KARI sitémi, radidlni svorniko-
vou vyztuzi a stiikanym betonem.

Po dokonceni definitivniho vyztuzeni dila budou po trase
tunelu uréena mista pro provedeni dodate¢né izolace proti pru-
sakum podzemnich vod a promrzédni pomoci zavésenych poly-
ethylenovych matraci s vrstvou stifkaného betonu. Alterna-
tivné budou PE matrace nahrazeny PE membrénou.

Zadavaci dokumentace nepredpokldadd, s vyjimkou cca
600 m dlouhého tseku z vychodniho portdlu, v§znamné pru-

(s

saky podzemnich vod. Jejich teplota se predpokladé vyssi nez
7 °C a dokumentace uvazuje jejich utésnéni pomoci injektazi
predpoli tunelu na bazi cementovych smési. V jiz vyrazené
¢asti tunelu bylo zaznamendno nékolik drobnych lokélnich
tkapu s maximélnim pfitokem 28 1/min.

K rozpojovani horniny se pouZivaji zaCerpavané emulzi
trhaviny doddvané spolenosti Orica s neelektrickym rozné-
tem. Spotfeba trhavin se v zdvislosti na kvalit¢ masivu pohy-
buje v intervalu 2,5-2,9 kg/m3 rozpojené horniny. Délka pro-
duk&ni vrti odpovidd maximalni mozné délce vrtnych ty&i na
18~ lafetach vrtaciho vozu, tj. 5,2 m a vyt€éZnost beézné dosa-
huje 98 %.

Prace probihaji v osmitydennich turnusech, Sest dni v tydnu
v dennich i no¢nich sméndch. Nedéle je dnem odpocinku. Na
projektu trvale pusobi padesdt zaméstnancu Metrostavu a. s.,
divize 5 z provozu VNT tunely a dal$ich zhruba tficet zamést-
nancu partnera ve sdruZeni a subdodavatelu.

both portals, with a time lag of three months between them, at
the lengths of 4740m and 2826m from the western portal and
eastern portal, respectively. The majority of the tunnel route is
led on a 12,000m-radius curve; in the portal sections the radius
is 700m; the alignment ascends at 3% and 1.5%, respectively.
The primary excavation support is provided using rockbolts
and shotcrete with the layer thickness ranging from 40 to
60mm. All shotcrete applied has to meet, among others, requi-
rements for E700 energy absorption and unconfined compres-
sive strength of 26MPa. The final tunnel support, consisting of
another 40—-180mm thick layer of shotcrete and, if necessary,
thickening the grid of rockbolts, will be carried out later, after
the completion of the excavation. The rockbolts used for the
primary excavation support will be also taken into considerati-
on as parts of the final excavation support. For that reason all
rockbolts are provided with a protective layer of zinc and an
epoxy coat.

Mechanically expanded rockbolts of the CT-bolt type and SN
bolts activated 24 hours in the proportion of 70/30. In worsened
geological conditions, self-drilling IBO anchors and KARI
mesh are also used for the stabilisation of the excavation. For
extraordinarily unfavourable geological conditions, the use of
steel lattice girders combined with KARI mesh, radial rock-
bolts and shotcrete is assumed.

After the final excavation support is completed, places will
be determined along the tunnel route in which supplementa-
ry waterproofing protecting the tunnel against the seepage of
groundwater and freezing will be provided, by means of sus-
pended polyethylene sheets with a layer of shotcrete. As an
alternative, the PE sheets will be replaced with a PE mem-

brane.
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Obr. 4 PFi¢ny Fez tunelem v nouzovém zdlivu
Fig. 4 Tunnel cross-section in emergency lay-by
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plocha vyrubu b&ZNéN0 Profill..........cccevveereereevereereieienes 54,7 m?

plocha vyrubu Nouzového ZaliVU ..............cccevueererrerrennn. 77,27 m?

hloubeny Usek (zapadni pOrtal) .........cccoveiiieiiniineiiien, 120 m

hloubeny Usek (vychodni portal) ..........ccceevvveerervieeriennen, 222 m

pocet NOUZOVYCH ZAIIVU.........ceveeeiiie s 14 ks

kubatura razenych EASti ...........c..oovvvrrrveerrrerrrererrenns. 434 000 m®
GEOLOGIE

Ostrov Island lezi v severni cCdsti Atlantického ocednu
v misté soubchu divergentniho deskového rozhrani na stredo-
atlantském hrbetu a plastového diapiru. Divergentni deskové
rozhrani na Islandu je tvoreno rozvétvenymi riftovymi zénami

Obr. 5 Sedimentdrni vrstvy tufu
Fig. 5 Sedimentary layers of tuff

The tender documents do not assume, with the exception of
about 600m, more significant inflows of groundwater. Its tem-
perature is assumed to be higher than 7°C and the documents
consider that the inflows will be sealed by the injection of
cement-based grout mixes into the tunnel advance core. Several
minor cases of local dripping with the maximum inflow of
28L/min were registered in the already completed part of the
tunnel excavation.

Non-electrically initiated pumped emulsion explosives supp-
lied by Orica company are used for the rock disintegration. The
consumption of explosives ranges from 2.5 to 2.9kg/m> of
disintegrated rock, depending on the rock mass quality. The
length of production drillholes corresponds to the maximum
possible length of drifter rods on 18”7 feeds of the drill rig,
i.e. 5.2m; the recovery commonly amounts to 98%.

The work proceeds in 8-week tours of duty, six days per
week, in day and night shifts. Sundays are days of rest. The pro-
ject is permanently realised by fifty employees of the in-house
core technology department of Division 5 of Metrostav a. s. and
additional about thirty employees of the consortium partner and
sub-contractors.

NORDFJORDUR TUNNEL

total [ength ..o 7908m
MINEA PAT .. .o e 7566m
excavated cross-sectional area of common tunnel ......... 54.7m?

excavated cross-sectional area of emergency lay-by ..... 77.27m?
cut-and-cover section (western portal)
cut-and-cover section (eastern portal)
number of emergency lay-bys .........cccovvveieinnniieceininenes
volume of mined SECtions ...........coceeueeeieneneniireras
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mezi hifbety Reykjanes na JZ a Kolbeinsey na SV. Dochdzi na GEOLOGY
ném k ndrustu nové zemské kary a oddélovéni severoamerické
a eurasijské kontinentdlni desky rychlosti asi 2 cm/rok.
Vychodni pobrezi Islandu je jednim z nejstarSich oblasti toho-
to ostrova (priblizné 13 mil. let). Je tvoreno terciérnimi bazal-
tovymi formacemi, které kromé vychodu vystupuji i na jiho-
vychodé a zdpadé Islandu a dohromady zaujimaji témér polo-
vinu plochy celého ostrova. Formace zahrnuji z 80 % tholei-
tické bazalty ve formé ldvovych prouda, které tvori jemné- az
strednézrnité, kompaktni i proplynéné edice, vetSinou silné

Iceland island is found in the northern part of the Atlantic
ocean, in the location where the divergent plate interface on the
Mid-Atlantic Ridge runs in parallel with the mantle diapir. The
divergent mantle interface in Iceland is formed by branched rift
zones between the ridges of Reykjanes in the SW and
Kolbeinsey in the NE. The new earth’s crust grows in this area
and the North American plate separates from the Eurasian plate
at the rate of about 2cm per year. The eastern coast of Iceland

tektonicky porusené. Tyto proudy byly preruSovany vice &i is one of the oldest areas of this island (approximately 13 mil-
méné kratkymi periodami, béhem nichz sedimentoval prevaz- | lion years). It is formed by Tertiary basalt formations. In addi-
né vulkanoklasticky materidl a zeminy, které tvori Casto velmi tion to the east, these formations rise up even in the south east
nesoudrzné tufové vrstvy o mocnostech od nékolika desitek and west of Iceland, covering nearly a half of the surface of the
centimetru do nékolika metru. whole island. Eighty per cent of the formations are formed by

Podle geologické dokumentace lze ocekdvat, Ze tyto pro- tholeitic basalts in the form of lava flows, consisting of fine- to
pldstky budou prostupovat postupné celou trasou tunelu (obr. | coarse-grained, compact as well as gas bubbles-filled basalt,
5). Podle jadrovych vrti realizovanych v pfiportdlovych &ds- mostly heavily tectonically faulted. These flows were interrup-
tech tunelu budou po trase zastiZzeny dokonce oslabené vrstvy ted by more or less short periods, during which volcanoclastic
mocnosti az 30 m. Tvoif je rizné sedimentdrni horniny jako material and soils, frequently forming very incohesive tuff lay-

ignimbrity, ale také velmi nesoudrzné prachovce. Obecné ulo-
Zeni vrstev je subhorizontaln{ s inklinaci 3-8 % postupné stou-
pajici ze dna do pristropi dila pfi razbach ze zdpadniho porta-
Iu a postupné klesajici z vychodniho portélu (obr. 6). Pro kla-
sifikaci horninového prostredi je vyuZivan Q systém.

Priblizné v poloviné trasy tunelu, v misté pod vrcholem hory
Tvifjoll, dosdhne nadloZi tunelu vysky 880 m. Zde lze predpo-
klddat nejvétsi projevy horského tlaku ve formé odprysku hor-
nin v bocich razeného dila.

Na zédkladé IG a hydrogeologického pruzkumu s doda-
te¢nym provoznim prizkumem byla potvrzena velkd mocnost tion of the beds is sub-horizontal with the incline of 3—8%, gra-

ers with the thickness ranging from several tens of centimetres
to several metres, sedimented.

According to the geological documents, it is possible to
expect that these interbeds will gradually penetrate the whole
tunnel route (see Fig. 5). According to the cored boreholes car-
ried out in the portal sections of the tunnel, even weakened lay-
ers up to 30m thick will be encountered along the route. They
are formed by various sedimentary rock types, such as ignimb-
rites, but also very incoherent siltstones. The general composi-

a nepfiznivd poloha tufové vrstvy vaci v trase prvniho zélivu dually ascending from the excavation bottom to the top heading
razeného ze zdpadniho portdlu (stani¢eni 2450 m). Ten byl when driving from the western portal and gradually descending
ndsledné posunut o 25 m a vsazen do jesté stabilniho masivu. when driving from the eastern portal (see Fig. 6). The Q-system
Béhem razeb byly postupné zastizeny Ctyfi tufové vrstvy is used for the rock environment classification.
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Obr. 6 Podélny rez trasou tunelu
Fig. 6 Longitudinal section through the tunnel route




Obr. 7 Prunik sedimentdrni tufové vrstvy zdlivem v projektovém stanideni
2450 m

Fig. 7 Intersection of the sedimentary tuff layer through the emergency lay-
by at design chainage of 2450m

o mocnostech 0,5-2,5 m s velmi rozliSnymi geomechanickymi
vlastnostmi.

Béhem prunikd razeb s vrstvou tufa v pfistropi tunelu (obr.
7) dochdzi ke ztraté stability klenby tunelu. Tufova vrstva
v pristropi tunelu musi byt strojné strzena aZ na kontaktni
¢ediCovou vrstvu a tim vznikd profil tunelu pravouhlého tvaru
(obr. 8, 9).

STROJNI SESTAVA

Zakladni strojni sestava je tvorena trilafetovym vrtacim
vozem spolecnosti Sandvik DT1130 DATA osazenym 18 lafe-
tami, pasovym rypadlem Komatsu PC210 s impaktorem, kolo-
vym nakladacem CAT 980 a manipuldtorem stiikaného betonu
Meyco Potenza. Partner ve sdruzeni zajistujici dopravu rubani-
ny z tunelu brzy odzkousi svou vlastni metodu s pouzitim
dopravniki rubaniny na kolovém podvozku Goldhofer
(obr. 10). Dva takové dopravniky, kazdy s kapacitou pro
144 m3 rostlé horniny (resp. 400 t ndkladu), budou zataZeny po
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Obr. 8 Nadvylom pravoiihlého tvaru
Fig. 8 Rectangular overbreak

Approximately at the mid point of

sedimentarni vrstva tufl
sedimentary layer of tuffs

IBO 40/16, DUPLEX, 8 ma 0,25 m
IBO 40/16, DUPLEX, 8m & 0.25m

the tunnel route, in the location
under the peak of Tvifjoll mountain,
the tunnel overburden height will
reach 880m. In this place, it is pos-
sible to expect greatest manifestati-
ons of the overburden pressure in
. the form of bursting rock out of the
--r"'--'=__ excavation sidewalls.
' The great thickness and unfavou-
., rable position of the tuff layer relati-
ve to the route of the first emergen-
cy lay-by mined from the western
portal (chainage 2450m) was confir-
med on the basis of the engineering
geological and hydrogeological sur-
vey with a supplementary operative
survey. The lay-by was subsequent-
ly shifted by 25m and inserted into
the still stable massif. The excavati-
on step-by-step encountered four
tuff beds with the thickness ranging
from 0.5 to 2.5m, the geomechani-
cal properties of which significantly
differed.

During the intersection of the
excavation with a tuff bed in the

CT-M27,3-6m
CT-bolts — M27, 3-6m

—_—

Obr. 9 Schéma vyztuZeni — uzavirani klenby
Fig. 9 Excavation support chart — closing of the vault

tunnel top heading (see Fig. 7) the
tunnel vault looses stability. The
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Obr. 10 Dopravnik rubaniny na kolovém podvozku Goldhofer taZeny kolovym
nakladecem

Fig. 10 Muck transporter on Goldhofer wheeled undercarriage pulled by a
wheeled loader

odpalu do tunelu, naloZeny a znovu vytazeny ven. Do téchto
dopravnika bude uloZena rubanina z celého 5 m dlouhého
odpalu bézného profilu tunelu. Vyhodou této metody je, Ze po
dobu naklddani dopravnika nebude tunel blokovén projizdéjici-
mi ndkladnimi vozy, takze je mozné provadét dalsi ¢innosti za
Celbou tunelu (napf. osazovani definitivni svornikové vyztuze,
prodluZovéni rozvodu a médif, ddrZzba cesty apod.).

Vétrani dila je zajisténo jako foukaci ze zdpadniho portdlu
ventilatorem Cogemacoustic o vykonu 2x355 kW a lutnovym
tahem PROTAN o priméru 2400 mm, na vychodnim portdlu
bude pouZit ventildtor stejného vyrobce s vykonem 2x200 kW
a lutnovym tahem o praméru 2200 mm.

ZAVER

Do 2. 3. 2014 bylo vyrazeno necelych 800 m tunelu (tj. pri-
blizné 10 % celkové délky) ze zdpadniho portdlu tunelu
a béhem nékolika dni budou zahdjeny razby také z vychodniho
portdlu. Dosavadni prumérny postup praci v zastizenych geo-
logickych a hydrogeologickych podminkach je 260—290 m za
mésic (tj. 10,4-11,9 m za den), ktery koresponduje s puvod-
nimi predpoklady projektu. Termin predani hotového dila je
v zari 2017 a samotné dokonceni razeb je planovano v druhé
poloviné roku 2015.

Spole¢nost Metrostav a. s. si béhem poslednich let dokédzala
osvojit razebni metodu Drill&Blast, kterou s dspéchem nasa-
dila na nékolika projektech realizovanych na Islandu a ve
Finsku. Celkova délka zde tak jiZ realizovanych tunelovych
staveb prekracuje sumu 16 km. V soucasné dobé také tato spo-
le¢nost zacala pripravovat a poddvat nabidky na nové zajima-
vé projekty do dalsi severské zemée Norska.

ING. ALES GOTHARD, ales.gothard@metrostav.cz,
ING. IVAN PIRSC, ivan.pirsc @metrostav.cz,
METROSTAYV a.s.

Recenzovali: Ing. Jan Korejcik, Ing. Pavel Poldk

LITERATURA / REFERENCES

Tuel

tuff bed in the tunnel top heading must be mechanically pul-
led down up to the basalt contact layer. As a result,
a rectangular tunnel cross-section originates (see Figures 8
and 9).

EQUIPMENT SET

The basic equipment set consists of a three-boom drill rig
DT1130 DATA manufactured by Sandvik with 18 feeds instal-
led on the booms, a tracked Komatsu PC210 excavator with an
impact breaker, a CAT 980 wheeled loader and a Meyco
Potenza shotcrete manipulator. The consortium partner provi-
ding the transport of muck from the tunnel will soon test its
own method using Goldhofer wheeled muck transporters (see
Fig. 10). Two trailers of this type, each with the capacity of
144m3 of natural ground (or 400 tonnes of load) will be pulled
into the tunnel after blasting to be filled with muck and again
pulled out. These trailers will hold muck originating by the
blasting of the 5m long common profile tunnel excavation
round. The advantage of this method is that the tunnel will not
be blocked by passing trucks throughout the period of loading
muck on trailers, which means that it will be possible to carry
out other activities at the tunnel heading (e.g. the installing the
final rockbolt support, extending utility services and media,
maintaining the road etc.).

The forced system of the ventilation of the working from the
western portal is applied, using a Cogemacoustic fan with the
output of 2x355kW and PROTAN ducting with the diameter of
2400mm; a fan from the same manufacturer with the output of
2x200kW with 2200mm diameter ducting will be used at the
eastern portal.

CONCLUSION

Nearly 800m of the tunnel excavation (i.e. approximately
10% of the total length) were finished from the western tunnel
portal till 02/03/2014 and the excavation from the eastern por-
tal will commence in several days. The current average advan-
ce rate of tunnelling through the geological and hydrogeologi-
cal conditions encountered amounts to 260-290m per month
(i.e. 10.4-11.9m per day), which corresponds to original pro-
ject assumptions. The deadline for the handing of completed
works over to the client is in September 2017 and the comple-
tion of the excavation is planned for the second half of 2015.

Metrostav a. s. has managed during the last years to acquire
the Drill&Blast excavation technique and has applied it
successfully to several projects in Iceland and Finland. The
total length of the structures already completed in these count-
ries exceeds 16km. This company has currently started to pre-
pare bids for new interesting projects to another Nordic count-
ry, Norway.

ING. ALES GOT HARD, ales.gothard@metrostav.cz,
ING. IVAN PIRSC, ivan.pirsc@metrostav.cz,
METROSTAY a. s.

1. LOFTSSON, M. a kol. Nordfjardargong. Reykjavik: Mannvit, 11/2012
2. KRYSTOFOVA, E. F otoreportdZe, Na Island za geologii recentniho riftu.
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POZAR NAKLADNIHO VOZIDLA V TUNELU LOCHKOV
TRUCK FIRE IN LOCHKOV TUNNEL

JIRI SVOBODA, MICHAL HNILICKA

ABSTRAKT

Cldnek se zabyvd mimorddnou uddlosti v tunelu Lochkov na stavbé 514 (Lahovice — Slivenec) silnicniho okruhu kolem Prahy, kde
13.1.2014 doslo v no¢nich hodindch k poZdru ndkladniho automobilu. Kromé popisu casového sledu uddlosti je v cldnku rozepsdn zpii-
sob vedeni zdsahu také 7 pohledu zasahujicich sloZek Integrovaného zdchranného systému (1ZS). Cldnek se ddle zabyvd zpiisobem kon-
troly a popisem rozsahu poSkozeni tunelu (stavebni &dsti a predevsim technologického vybaveni), likvidaci techto Skod a hlavné ndsled-
nou sanaci a opravou zasaZenych &dsti tunelové trouby. Aby mohla byt zasaZend tunelovd trouba uvedena zpét do provozu (po celou
dobu oprav byla druhd tunelovd trouba provozovdna obousmérné), bylo po dokonceni oprav nutné provést jeste funkcni zkousky tech-
nologického vybaveni a mimorddnou prohlidku tunelu. Tyto dalsi &innosti jsou v ¢ldnku podrobné popsdny a jsou zde uvedeny také zdve-
ry této mimorddné prohlidky. V zdavéru ¢lanku jsou zkuSenosti nejen z pritbéhu poZdru, ale také ze zdsahu a ndslednych sanacnich praci
shrauty do obecnych zjisteni a doporuceni pro provoz stdvajicich a predevsim vystavbu novych tunelovych staveb.

ABSTRACT

The paper deals with an extraordinary event in the Lochkov tunnel, construction lot 514 (Lahovice — Slivenec) of the Prague City Ring Road,
where a truck caught fire during the night hours of 13/01/2014. Apart from the description of the sequence of events, the paper provides details
on the organisation of the intervention from the point of view of intervening units of the Integrated Rescue System (the IRS). The paper furt-
her informs about the system of inspection and the extent of the tunnel damage (the civils and, first of all, the equipment), removing the dama-
ge and, above all, the subsequent rehabilitation and repair of the affected parts of the tunnel tube. It was necessary to conduct a functional
test of the tunnel equipment and an extraordinary inspection of the tunnel so that the tunnel tube affected by fire again opened to traffic (the
other tube was operated bi-directionally throughout the duration of repairs). These additional operations are described in detail in the paper,
including results of the extraordinary inspection. In the paper conclusion, the experience not only from the course of the fire but also from the
intervention and subsequent rehabilitation work is summarised into general knowledge and recommendations for the operation of existing tun-

nels and, above all, for the development of new tunnels.

1 UvoD

PrestoZe pravdépodobnost vzniku poZzdru v tunelovém tseku
silni¢ni a ddlni¢n{ sité je pomérné nizkd, je zabezpeceni tunelo-
vych staveb z pohledu vzniku poZéru feSeno mnoha prostredky
a velmi dakladné. To vychdzi ze zkuSenosti, které fikaji, Ze
pokud opravdu k pozéru v tunelu dojde, mohou byt jeho nasled-
ky katastrofdlni jak z pohledu $kod na majetku, tak predev§im
na lidském zdravi a Zivotech.

2 TECHNICKE RESENI TUNELU LOCHKOV

Tunel Lochkov je soucdsti stavby 514, kterd byla spolecné se
stavbami 512 a 513 uvedena do provozu na podzim roku 2010
jako jihozdpadni segment silnicnitho okruhu kolem Prahy
(SOKP). Délka tiseku SOKP 514 je 6030 metru a je tvofen
komunikaci §itkové kategorie R 27,5/100. V soucasné dobé po
této Casti silniéniho okruhu projizdi az 50 000 vozidel za den.

Tunel Lochkov se sklddé ze dvou tubusu — pravého (stoupa-
jiciho) se tfemi jizdnimi pruhy s délkou 1661,1 m a levého (kle-
sajiciho) se dvéma jizdnimi pruhy o délce 1619,6 m. Tunel
navazuje na Lahovickou estakddu portidlem Radotin a konci
portalem Lochkov.

Definitivni osténi raZzeného tripruhového tunelu je tvoreno
monolitickym vyztuZzenym betonem C 25/30, o minimaln{
tloustce 450 mm. Beton je mrazuvzdorny a ve smyslu star§itho
znaleni je ,,vodonepropustny*. Vozovku tvofi cementobetono-
vé deska tloustky 220 mm s fezanymi pri¢nymi sparami po 5 m
a dvéma podélnymi spdrami. Spdry jsou vyztuZeny kluznymi
trny a podklad desky tvorfi cementova stabilizace.

Tunel je vybaven technologickym a bezpecnostnim
vybavenim podle pozadavku TP 98. Vétrani tunelovych
trub je podélné pomoci proudovych ventildtora doplnéné

1 INTRODUCTION

Despite the fact that the probability of the origination of a fire
in a tunnelled section of a road and motorway network is relati-
vely low, securing tunnel structures against the origination of
fires is solved by many means and very thoroughly. It is based
on the experience that tells us that if a fire really happens in
a tunnel, its consequences may be catastrophic both in terms of
damage to property and, first of all, of human health and lives.

2 TECHNICAL SOLUTION FOR THE LOCHKOV TUNNEL

The Lochkov tunnel is part of construction lot 514, which was
opened to traffic jointly with construction lots 512 and 513 in
the autumn of 2010 to form the south-western segment of the
Prague City Ring Road (the PCRR). This PCRR section is
6030m long. It is formed by an R 27.5/100 width category road.
Up to 50,000 vehicles currently pass along this part of the circ-
le road per day.

The Lochkov tunnel consists of two tubes — the 1661.1m long
right-hand triple-lane tube (ascending) and the 1619.6m long
left-hand double-lane tube (descending). The tunnel links the
Lahovice viaduct through the Radotin portal and ends by the
Lochkov portal.

The final lining of the mined triple-lane tunnel is formed by
cast-in-place C25/30 reinforced concrete with the minimum
thickness of 450mm. The concrete is frost resistant and, in the
meaning of older marking, “waterproof”. The roadway is for-
med by a 220mm thick concrete slab with transverse joints cut
every 5Sm and two longitudinal joints. The joints are reinforced
with slipping dowels and the slab bed is formed by cement sta-
bilisation.
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o vzduchotechnicky (VZT) objekt na povrchu, ktery je vétraci

P

Sachtou napojeny na stfedni ¢dst tunelovych trub.

3 POPIS MIMORADNE UDALOSTI

Mimorddna uddlost se stala v brzkych rannich hodindch
v pondéli 13. 1. 2014, kdy v dusledku technické zdvady ka-
mionu doSlo k pozdru tohoto vozidla v pravé tunelové troubé
(PTT) tunelu Lochkov (obr. 1). Pozar vypukl chvili po zasta-
veni vozidla v prostoru bloka osténi ¢. 95 a 96 cca v km 12,9,
tedy priblizn¢ 500 m od portdlu Slivenec, mezi propojkami ¢. 5
a 6. Casovy priibéh (hod:min) mimof4dné udalosti byl nasle-
dujici [1]:

1:17 fidici systém tunelu Lochkov (RS) vyhodnotil ,,stojici
vozidlo v tunelu prvotné prostfednictvim videodetek-
ce kamerového systému

1:18 aktivace IZS — byla vyrozuména hlidka Policie CR
a jednotka hasi¢ského zachranného sboru (HZS)

1:19 byl pozastaven provoz v PTT (smér na D5)

1:22 ridici systém vyhldsil pozar a byla spusténa havarijni
pozarni sekvence

1:29 piijezd hasil pres LTT + piijezd hlidky Policie CR

1:29 podina informace Narodnimu dalni¢nimu informacni-
mu centru

1:30 informovdni tunelového technika

1:32 informovéani vedouciho Stfediska spravy a tudrzby
ddlnic (SSUD) Rudn4

1:39 podana informace servisni organizaci s pozadavkem na
vyjezd na misto a dispecerovi zimni ddrzby s poza-
davkem na pripravu techniky a zaméstnanct na preve-
deni provozu do LTT

1:42 pozér uhaSen, ndsledné probéhlo odvétrani, odtaZeni
vyhorelého vozidla a odtazeni ndvésu s nakladem

1:45 byl informovéan krizovy §tdb hlavniho mésta Prahy
o aktivovani objizdné trasy az do doby, kdy bude
mozné provozovat LTT obousmérné

2:02 provedeno spojeni s velitelem zdsahu HZS a dohod-
nuta dal$i koordinace ¢innosti

2:23 zahdjeni praci na zprovoznéni LTT pro obousmérny
provoz

3:15 zaktivovani objizdné trasy tunelu Lochkov, vozidla stojici
na estak4dé byla za soucinnosti Policie CR z uzavieného
useku odvedena nezasazenou tunelovou troubou

4:26 7z mista zasahu odjizdi technika HZS

6:30 otevreni LTT pro obousmérny provoz

Ddle probéhl udklid zasaZené tunelové trouby, zejména
vozovky, kterd byla zneCiSténa zbytky poskozeného vozidla,

Obr. 1 Zdsah jednotek HZS hl. m. Prahy (foto M. Kosmata — HZS)
Fig. 1 The FRS unit intervention (photo courtesy of M. Kosmata — FRS)

The tunnel is equipped with technological and safety equip-
ment complying with requirements of TP 98 specifications. The
ventilation system of the tunnel tubes is longitudinal, using jet
fans. A ventilation structure is added on the surface. It is conne-
cted to the central part of the tunnel tubes via a ventilation shaft.

3 EXTRAORDINARY EVENT DESCRIPTION

The extraordinary event happened early morning on
13/01/2014, when a vehicle caught fire due to a technical defect
in the right-hand tunnel tube (the RTT) of the Lochkov tunnel.
The fire broke out shortly after the vehicle stopped in the area
of lining blocks No. 95 and 96, approximately 500m from the
Slivenec portal, between cross passages No. 5 and 6. The time
history of the extraordinary event (hours:minutes) was as fol-
lows [1]:

1:17 the Lochkov tunnel control system identified “a vehic-
le stopped in the tunnel” initially by means of the vide-
odetection camera system
activation of the IRS — the Police of CR patrol and
a Fire Rescue System (FRS) unit were notified
1:19 the operation of the RTT (in the direction of D5 motor-
way) was suspended
1:22 the control system declared a fire and the emergency
fire sequence was started
arrival of fire fighters via the LTT + arrival of the
Police of CR patrol

information was given to the National Motorway

1:29

1:29

Information Centre
1:30
1:32

information was given to the tunnel technician
information was given to the manager of the Rudna
Centre of motorway administration and maintenance
1:39 information was given to the service organisation with
the requirement for a visit to the location and to the
winter maintenance operator with the requirement for
the preparation of equipment and employees for diver-
ting traffic to the LTT

1:42 fire was suppressed, ventilation followed and the
burnt-out vehicle and the semitrailer with the load
were subsequently towed away

1:45 the crisis staff was informed about the activation of the
diversion to be used until the time when the LTT could

be operated bi-directionally

Obr. 2 Ndkladni vozidlo s privésem tésné po likvidaci poZdru
Fig. 2 Truck with trailer just after suppression of the fire
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Obr. 3 Detail predni &dsti shorelého vozidla
Fig. 3 Detail of front part of the burned vehicle

hasi¢skou pénou a unikajicimi provoznimi kapalinami horici-
ho vozidla (obr. 2, 3). Unik kapalin probihal po celou dobu
jizdy kamionu tunelem.

Od cca 8 hodiny dne 13. 1. 2014 pak byly zahdjeny sanacni
prace predevsim rekognoskaci vzniklych Skod jak na stavebni,

s Xz

tak na technologické ¢dsti tunelu.

4 VEDENI ZASAHU Z POHLEDU SLOZEK 1ZS

Pro ucely rozvinuti sil a prostredku zéchrannych sloZek
v tunelu Lochkov slouZi poZarnéndstupni plochy pred obéma
portély tunelu. Prvni jednotka, kterd dojela k portdlu Lochkov,
byla jednotka HZS hl. m. Prahy, stanice ¢. 8 Radotin. Nasledne,
ale prakticky aZ po lokalizaci poZaru, pfijely jednotky ze stani-
ce ¢. 6 Praha—Kr¢, ¢. 11 Praha 1-Hrad, ¢. 2 Praha 6-Petfiny
a ¢. 1 Praha 2-Sokolska.

Podle komentare velitele zasahujici jednotky [2] dorazila
prvosledovd jednotka po 5 minutéch jizdy ve sloZeni 10+1 (10
muza s velitelem zdsahu) s vozidly CAS15 (muZstvo, 2200 1
vody, 200 1 pénidla), CAS24 (muzstvo, 2500 1 vody, 400 1
pénidla) a CAS32 (8200 1 vody, 800 1 pénidla). Prvotni{ infor-
mace, kterou obdrzel velitel zdasahu pfi vyjezdu, byla, Ze se
jedna o zakoureni tunelu. Nicméné po prijezdu k portdlu tune-
Iu Lochkov velitel zasahu podle velkého mnozstvi koure vystu-
pujiciho z portélu vyhodnotil, Ze se zcela ur€ité jednd o velky
pozér a zahdjil okamZité pruzkum pres druhou (levou) tunelo-
vou troubu a prislu$né propojky. Pfi vstupu do zasaZzené trouby
pres propojku &. 6 zjistil intenzivni zakoufeni trouby s nulovou
viditelnosti v drovni o¢i. Nezakourend oblast byla pouze do
vysky cca 60-70 cm nad chodnikem. Proto se jednotka ihned
presunula k propojce &. 5, ta tsti do PTT pod mistem poZdru.

Zasahujici jednotka postavila od CAS pres suchovod propoj-
ky ¢. 5 dopravni hadicové vedeni typu ,B“ (J 75 mm)
a v zasazené PTT na jeho druhy konec osadila hadicovy rozde-
lovaé, z néhoz byly vedeny tto¢né hadicové proudy typu ,,C*
(@ 52 mm). Utok byl veden jako obchvatny do klesti, thlo-
pri¢né, protoze vozidlo vzhledem ke své poloze bylo mozné
hasit z obou stran. Tim nedoslo k ostfiku a ochlazovani rozpé-
leného tunelového osténi. Pouze vlastni vozovka byla kvuli
prudkému ochlazeni naruSena opryskdnim povrchové vrstvy
betonu do hloubky 15-18 mm (obr. 4, 5). PoZar tahaCe byl po
cca 5 minutdch lokalizovan vodou s pénidlem (s koncentraci
8 %).Z nadrzi zasahujicich vozidel CAS bylo spotfebovéno cca
8 m? dovezené vody s pénidlem. Nésledné pro dochlazovani
ndvésu byla pouzita voda z tunelového vodovodu. Cely zdsah
prvosledové jednotky byl veden v dychaci technice.
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2:02 installation of the connection with the FRS interventi-
on commander and agreement on subsequent coordina-
tion of activities

2:23 commencement of the work on opening the LTT to bi-
directional traffic

3:15 activation of the Lochkov tunnel diversion route;

vehicles standing on the viaduct were led away from
the closed section through the unaffected tunnel tube
with the Police of CR cooperating
4:26 FRS equipment left the location of intervention
6:30 the LTT was opened to bi-directional traffic
Subsequently the affected tunnel was cleaned, first of all the
roadway, which had been polluted with remains of the defective
vehicle, fire-fighting foam and operating fluids leaking from the
burning vehicle (see Figures 2 and 3). The fluids leaked throug-
hout the vehicle travel along the tunnel.
Rehabilitation operations commenced approximately from 8
o’clock a.m., first of all by the reconnaissance of damage suffe-
red by the tunnel structure and tunnel equipment.

4 FIREFIGHTING INTERVENTION MANAGEMENT
FROM THE ASPECT OF IRS

There are firefighting assembly areas in front of both portals
for deploying the forces and equipment of rescue units in the
Lochkov tunnel. The first unit to arrive at the Lochkov tunnel
was station No. 8 (Radotin) of Prague’s firefighting service.
Subsequently, but virtually nearly after the fire localisation,
units from stations No. 6 (Prague—Kr¢), No. 11 (Prague 1-Cast-
le), No. 2 (Prague 6—Petfiny) and No. 1 (Prague 2— Sokolska)
arrived.

According to a commentary given by the commander of the
intervening unit [2] thelO+1 frontline unit (10 men plus the
commander) arrived after a 5-minute ride with CAS15 vehicles
(crew, 2200L of water, 200L of foaming agent), CAS24 (crew,
2500L of water, 400L of foaming agent) and CAS32 (8200L of
water, 800L of foaming agent). The initial information the inter-
vention manager received at the set out was that it was a case of
filling the tunnel with smoke. Nevertheless, after arriving at the
tunnel portal, the intervention commander assessed the situati-
on taking into consideration the amount of smoke emitting from
the portal and concluded that it was certainly a large fire. He
started immediately surveying through the other (left-hand) tun-
nel tube and respective cross passages. When he entered the
affected tube through cross passage No. 6, he found intense

Obr. 4 Poskozeni vozovky v misté poZdru
Fig. 4 Damage to roadway surface in the fire location
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Obr. 5 Méreni hloubky poskozeni vozovky
Fig. 5 Measurement of the depth of the damage to roadway

Kompletni uhasSeni bylo zaznamenédno v ¢ase 01:42 a né-
sledovalo provétravéani tunelu a provérovani, zda se v za-
sazené tunelové troubé nenachdzeji dalsi osoby (pomoci video-
dohledu).

Predpokladem dspés$ného zdsahu byl predev§im vcasny
dojezd prvosledové jednotky, jeji vycvicenost, znalost mistnich
poméru a orientace v zakoureném prostoru prakticky pii nulo-
vé viditelnosti. Dal§im duleZitym predpokladem bylo technické
feSeni vlastniho tunelu. Smérové a vyskové vedeni tunelu
(v&etné velikosti pri¢ného profilu tunelu) bylo pro zdsah prak-
ticky idedlni (v&etné mista vzniku poZzdru) — tunel je tfipruho-
vy, v misté pozdru prakticky primy, stoupajici v jednotném
sklonu 4 %. Z pohledu vétrani fungoval jak pfirozeny zpusob
vétrani (,,kominovy* efekt), tak pistovy efekt od projizdéjicich
vozidel pasobici ve stejném sméru a ventildtory hlavniho vét-
rani se rozebéhly také spravnym smérem — ve sméru pistového
a kominového efektu. Pozar byl cca 520 m od horniho portalu
tunelu. Pracovnici dispeCinku a operatorského pracovisteé pra-
covali presné podle pokynu havarijnich karet, takze vétran{
v nezasazené tunelové troubé bylo presmérovano do stejného
sméru jako v zasazené tunelové troubé a nehrozilo zakoureni
nezasazené trouby.

V dobé pozaru byl relativné maly provoz, takze se podarilo
uzaviit a vyklidit ob€ tunelové trouby jeste pred prijezdem
hasi¢u a ti mohli k mistu zdsahu projet nezasaZenou troubou.
Velmi dobre se osvédcil také suchovod v propojce, ktery umoz-
nil pracovat v zasazené tunelové troubé prfi uzavienych pozar-
nich dverich propojky. Vlastni propojka slouzila jako prostor
pro uskladnéni a dkryt zasahujicich sil a prostiedku.

5 PRUBEHY MERENYCH FYZIKALNICH VELICIN

Meérici zarizeni v tunelu zaznamenala na vyjezdu z PTT patr-
né zvySeni opacity na cca 16 m! po dobu 30 minut — zacéatek
odpovida dobé kratce po vzniku a indikaci pozaru kabiny kami-
onu. O néco dfive indikovalo na cca 3 minuty také cidlo
v tunelu zvyseni opacity na hodnotu cca 4 m™!, coz odpovida
prujezdu kamionu. ZvySeni opacity v LTT na cca 2 m™! v Case
01:22 odpovida dobé piijezdu slozek IZS.

Vyvoj teploty vzduchu v PTT méfeny na vyjezdu z tunelu
Casoveé odpovidd dobé spusténi proudového vétrdni v Case
01:25 a prubé¢h teploty pak odpovidd rozvoji pozdru. Z dat je
patrné, Ze kourové zplodiny se ve vzdélenosti od ohniska
pozéaru velmi rychle ochlazuji — na portdlu bylo naméreno
cca 16 °C. Ve stejnou dobu byly spuStény i ventildtory

filling of the tube with smoke with zero visibility at eye level.
The area free of smoke was only to the level of up to about
60—70cm above the walkway. For that reason the unit immedia-
tely moved to cross passage No. 5 ending in the RTT under the
seat of fire.

The intervening unit built a “B” type (@ 75mm) transport
hose line from the CASs via the dry fire main in cross passage
No. 5 and installed a hose manifold to the other end, in the
affected RTT. Attack hose streams of the type “C” (@ 52mm)
were connected to the manifold. A pincer attack system squee-
zing the fire diagonally was used with respect to the vehicle
position allowing for suppressing the fire from both sides.
Owing to this system the hot tunnel lining was not sprayed on
with water. The roadway itself was the only structure that was
disturbed by spalling of the surface layer to the depth of
15-18mm deep, resulting from rapid cooling (see Figures
4 and 5). The towing vehicle fire was localised with water with
the foaming agent (concentration of 8%) after 5 minutes. About
8m?> of water with foaming agent were consumed from the tanks
of intervening vehicles CAS. Water from the hydrant line was
used subsequently for final cooling of the trailer. The whole
intervention of the frontline unit was carried out using breathing
apparatuses.

The completed fire suppression action was recorded at 01:42
hours. The tunnel ventilation and verification whether other per-
sons were not present in the affected tunnel tube (by means of
television surveillance) followed.

The prerequisite for the successful intervention was, first of
all, the timely arrival of the frontline unit, the level of its trai-
ning, the knowledge of local conditions and orientation in the
smoky space at virtually zero visibility. Another important con-
dition was the technical design of the tunnel itself. The horizon-
tal and vertical alignment (including the dimensions of the tun-
nel cross-section) was practically ideal for the intervention (inc-
luding the location of the fire origination) — the tunnel has three
traffic lanes and is virtually straight in the fire location, ascen-
ding on a uniform gradient of 4%. From the aspect of ventilati-
on, both systems were effective — the natural ventilation (the
“chimney” effect) as well as the piston effect induced by pas-
sing vehicles acting in the same direction; the main ventilation
fans also started in the correct direction, identical with the pis-
ton and chimney effects. The fire was located at the distance of
about 520m from the upper tunnel portal. Workers of the mana-
gement centre and operating control centre worked exactly in
compliance with instructions of emergency cards, which means
that the ventilation airflow in the unaffected tube was redirected
to be identical with the direction in the affected tunnel tube so
that the entry of smoke into the unaffected tube did not threaten.

At the moment of the fire the traffic volume was relatively low
and both tunnel tubes were successfully closed and evacuated
even before the arrival of fire fighters. Owing to this fact fire
fighters were able to travel to the intervention location through
the unaffected tube. The dry fire main in the cross passage also
acquitted itself very well. It allowed for working in the affected
tunnel tube without opening the fire-check door to the cross pas-
sage. The cross passage itself was used as a space for storing and
sheltering the intervening forces and equipment.

5 TIME HISTORY OF MEASURED PHYSICAL QUANTITIES

Measurement apparatuses installed in the tunnel recorded
apparent increase of opacity at the RTT exit to approximately
16m™', lasting for about 30 minutes — the beginning correspon-
ded to the time shortly after the origination of the fire and the
indication of the truck cabin in fire. A little bit earlier, even the




v nezasazené LTT, proto zde je patrny pokles teploty. V dobé
vétrani pii pozdru byl pomoci ventildtort obrdcen smér vétrani
v nezasazené LTT tak, aby sem nevnikal kouf z druhé tunelové
trouby.

6 POSKOZENI TUNELOVE TROUBY

Prvotni rekognoskaci $kod nejen z drovné vozovky, ale také
z vyskové plosiny (obr. 6) byla po§kozeni zaznamendna v zéné
pozdru v délce 60 m. Veskeré vybaveni tunelu poZdr ,,prezilo*
a ve vétsiné piipadu bylo naddle plné funk&ni. Nékterd zatize-
ni byla poskozena viditelné (napr. kabely), u jinych doslo ke
zméné vlastnosti, zejména s ohledem na jejich Zivotnost —
materidly ztratily pozadované vlastnosti: napf. kryti (svétla)
nebo schopnost nerezovych konstrukei odolavat korozivnimu
prostfedi v tunelu (dle CSN EN ISO 9223 je v tunelu koroziv-
ni agresivita atmosféry stupné C4 — vysoka).

Pozaristé se nachdzelo v blocich ¢. 93 az 97. Horni klenba
véetné technologického vybaveni byla zneciSténa zplodinami
nejen v misté pozaristé, ale v celé délce tunelu od mista pozdru
aZ po misto portalu Lochkov.

Nejvetsi poskozeni stavebni ¢dsti dila bylo zjisténo na beto-
nové vozovce. Prudkym ochlazenim povrchu vozovky vodou
z hasebniho zdsahu byly poskozeny tfi desky cementobetono-
vého krytu (doSlo k opryskdni vrchni vrstvy vozovky do hloub-
ky az 18 mm na dvou deskdch v pomalém pruhu a jedné desce
ve stfednim pruhu). PrestoZe vétSina technologického vybave-
ni v tunelu i v misté pozaru naddle fungovala, doslo
v nejbliz§im okoli k poskozeni nékterych Edsti vybaveni puso-
benim vysoké teploty — bylo poskozeno nejblizsi dopravni zna-
Ceni a bezpecnostni znaleni (znatka Opust tunel a tabulka
sméru Uniku, obr. 7) a souvisejici kabelové vedeni v klenbé
tunelu, EPS (elektrickd pozarni signalizace) — kabel linedrni
teplotni detekce (Fibrolaser) a radiové spojeni (poruSen vyza-
fovaci kabel, obr. 8). PoSkozené zafizeni i pfesto zustalo funk&-
ni. Ventildtory ve stani¢eni km 13,355 (cca 450 m po sméru
proudéni od mista pozéaru) byly viditelné zasazeny kourem
z poZdru, ale nebyly poSkozeny, byla u nich naméfena maxi-
madlni teplota pouze 15 °C.

Predbézna vyse Skod pri dvodnim Setfeni byla odhadnuta
v rozsahu cca 6 az 10 milionu K¢&. V piipadé, Ze by zadal hofet
i vlastni privés s ndkladem, by predpoklddany rozsah $kod
dosdhl vice nez desetindsobku.

7 PRUBEH SANACNICH PRACI

Po detailnim zji§tén{ rozsahu Skod bylo dne 15. 1. 2014 roz-
hodnuto o postupu sanacnich praci na zdkladé porady konané

Obr. 6 Prohlidka klenby tunelu, ocelovych konstrukci a zarizeni v klenbé
Fig. 6 Examination of tunnel vault, steel structures and equipment under the
crown
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sensor inside the tunnel indicated an increase in opacity to about
4m™', corresponding to the passage of a truck. The increase in
opacity in the LTT to 2m’! at 01:22 hours corresponds to the
time of the IRS units arrival.

The development of air temperature in the RTT, measured at
the exit from the tunnel, corresponds in terms of time to the
moment of switching the jet fans at 01:25 hours and the tempe-
rature history corresponds to the development of the fire. It is
obvious from the data that the smoke emissions temperature
very rapidly dropped at some distance from the fire seat — about
16 °C were measured at the portal. At the same time the fans in
the unaffected LTT were switched on, which was the reason for
the obvious decrease in temperature. During the course of the
fire ventilation, the airflow direction in the unaffected LTT was
reversed to prevent smoke from the other tube from entering it.

6 DAMAGE TO THE TUNNEL TUBE

Damage was identified in the fire zone at the length of 60m
by the initial reconnaissance of damage not only from the road-
way level but also from a hoisting platform (see Fig. 6). All tun-
nel equipment “survived” the fire and remained in the majority
of cases further fully functional. Some equipment items were
damaged visibly (e.g. cables), other experienced changes in pro-
perties, first of all regarding their life — materials lost required
properties: for example the protection (luminaries) or the capa-
city of stainless steel structures to resist corrosive environment
in the tunnel (according to CSN EN ISO 9223, the degree of
corrosive action of tunnel atmosphere is C4 — high).

The scene of the fire was located in blocks No. 93 through to
97. The upper vault, including the tunnel equipment, was pollu-
ted by combustion products not only at the scene of the fire but
throughout the tunnel length from the fire location up to the
Lochkov portal.

The greatest damage to the civils was found on the concrete
roadway. Three concrete road cover slabs (two in the lane for
slow moving vehicles and one in the central lane) were dama-
ged by the rapid cooling of the roadway surface with water used
in the fire suppression process (the roadway surface suffered
spalling up to the depth of 18mm). Despite the fact that the
majority of the tunnel continued to function even in the locati-
on of the fire, some parts in the fire vicinity were damaged by
the action of high temperature — the closest road signalling
and safety signalling (traffic sign “Leave the tunnel” and the

Obr. 7 Znilend tabulka sméru tiniku, stani¢eni a funkéni nouzové osvétleni
Fig. 7 Damaged message sign for the direction of escape and functional
emergency lighting
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dne 15. 1. 2014 u provozniho feditele spravce tunelu GR RSD
— nejdrive bude sanovdna vozovka, ndsledné (a CdsteCné
v soubehu) probéhnou ostatni sanaéni préice, zejména repase
a vymeéna technologického vybaveni.

Vozovku, kterd byla poskozend ve dvou jizdnich pruzich,
bylo nutné z technologickych diuvodu (spara mezi deskami je
vyztuZena) betonovat nadvakriat. Myti horni klenby vcetné
vnitinich ocelovych konstrukci by bylo mozné provadét az po
zatvrdnuti desek betonové vozovky. Toto ale nebylo provedeno
z &asovych davodu a predev$im z duvodu zmény klimatickych
podminek.

V rdmci sanace technologického vybaveni byla provedena
repase dvou svétel hlavniho osvétleni, demontdz a zpétnd mon-
t4Z kabeld hlavniho osvétleni v rozsahu bloku ¢&. 94 az 99,
vyména prosvétlené dopravni znacky Opust tunel a semafori
véetné prislusné kabeldZe a chraniek, vyména Cdsti optického
kabelu EPS (elektronicka pozarni signalizace) ve vrcholu klen-
by véetné spojek a preprogramovani fidici jednotky EPS
a oprava vSech dotcenych kabelovych poZarnich ucpdvek.

Sanacni prace byly dokonceny 30. 1. 2014 a dale nasledova-
ly revize, komplexni zkousky a mimoradna prohlidka celého
tunelu (obou tunelovych trub). DalSi etapa praci, zejména
s ohledem na dodaci lhuty ndhradnich dilu, probéhla pfi pravi-
delné odstavce v dubnu 2014.

8 MIMORADNA PROHLIDKA

Mimotadna prohlidka probéhla ve 3 etapach — ihned po poza-
ru, kdy byl stanoven okamzity stav tunelu po této mimoradné
uddlosti (ve dnech 13. a 14. 1. 2014). Na zdkladé této &asti
mimorddné prohlidky byla vydana dne 16. 1. 2014 Predbéznd
zprdva z mimorddné uddlosti [3]. Pak néasledovala technicka
¢ast, tj. prakticky technicky dozor pfi provddéni sanacnich
a opravarenskych praci. Dil¢{ zprava z téchto Cinnosti byla
vydana dne 23. 1. 2014 [4].

Po skonceni oprav ve smyslu TP 154 byly provedeny funkc-
ni zkousky poZzirné-bezpecnostniho vybaveni tunelu a také
kontroly provozuschopnosti viech stroju a zafizeni (napf. ven-
tilatory, hasici pristroje, hydrantovy systém v PTT, informa¢n{
rozhlas, nouzové osvétleni, pozarni ucpavky, pozarni dvere,
fidici systém, dieselagregat, systém EPS, SOS hldsky, kamero-
vy systém, atd.). Pozdrné-bezpecnostni zarizeni musi plnit svou
funkci dle § 7 odst. 6 vyhlasky ¢. 246/2001 Sb. [5], proto byla
opravena, uvedena do provozu a zkontrolovana pri uzavieni
celého tunelu (obou tunelovych trub). Poté probéhla zavérecna
&ast mimoradné prohlidky, jejiZ zdvéry byly vydadny v prabéhu
unora [6]. Funk¢ni zkousky a mimoradna prohlidka probéhla
pri celkovém uzavieni obou tunelovych trub ve dnech
1.a2.2.2014.

9 PRUBEH PROHLIDKY

9.1 Betonova vozovka

Poskozené desky v blocich €. 95 a 96 pravé tunelové trouby
byly dv€ v pomalém pruhu a jedna ve strednim pruhu. VSechny
tii desky byly v prubéhu odstdvky vybourdny a vyménény
(obr. 9), ndsledné byly provedeny kontrolni zkousky CB krytu
jak na Cerstvém, tak ndsledné na zavadlém betonu. Po dokon-
Ceni desek byly profezany spary a byly zality horkou asfaltovou
zélivkou. S ohledem na tvrdnuti betonu nebylo moZno ihned
zahdjit myti horni klenby. Ndsledné dne 23. 1. 2014 bylo sprdv-
cem tunelu zakdzdno myti horni klenby, a to z davodu vyraz-
ného poklesu teplot — nastalo nebezpec¢i vzniku ndmrazy.

Tuel

message sign for the direction of escape, see Fig. 7) and related
cable lines under the tunnel vault, the fire alarm and detection
system (FAD) — the linear heat detection cable (Fibrolaser) and
wireless communication (the radiating cable — see Fig. 8).
Despite the damage the equipment remained functional. Fans
at km 13.355 chainage (about 450m downstream from the fire
scene in the airflow direction) were visibly affected by smoke
from the fire, but were not damaged — the maximum temperatu-
re measured on the fans amounted to 15°C.

The amount of damages preliminary estimated during the ini-
tial investigation ranged from K¢ 6 to 10 million. If the loaded
trailer had also started to burn, the expected damage would have
been ten times this amount.

7 COURSE OF REHABILITATION WORK

After the detailed determination of damages, the decision on
the rehabilitation procedure was made on 15/01/2014, on the
basis of a meeting held on 15/01/2014 in GR RSD (General
Directorate of the Roads and Motorways Directorate - the tun-
nel administrator) operations director’s office - the roadway will
be rehabilitated first, the other rehabilitation work, namely
refurbishing and replacing the tunnel equipment, will follow
subsequently (and partly concurrently)

The concrete roadway, which is damaged in two traffic lanes,
has to be cast in two steps for technological reasons (the joint
between the slabs is reinforced). Washing of the upper vault inc-
luding internal steel structures would have been possible only
after the concrete roadway slabs hardening had been finished. It
however was not carried out for reasons of time and, first of all,
because of a change in climatic conditions.

Two luminaries of the main lighting were refurbished, the
main lighting cables were disassembled and assembled within
blocks No. 94 through to 99, the lighted traffic sign Leave the
tunnel and traffic lights were replaced including respective cab-
ling and casings, a part of the FAD optical cable at the vault
crown including connections was replaced and the FAD control
unit was reprogrammed and all affected fire seals were repaired
within the framework of the rehabilitation of the tunnel equip-
ment.

Refurbishment work was finished on 30/01/2014 and reviews,
comprehensive tests and an extraordinary inspection of the
whole tunnel (both tubes) followed. The next stage of the work,
first of all with respect to delivery times for spare parts, will
take place during a regular outage in April 2014.

8 EXTRAORDINARY INSPECTION

The extraordinary inspection took place in 3 phases — imme-
diately after the fire, determining the current condition after the
extraordinary event (on 13th and 14th January 2014). The “pre-
liminary report on the extraordinary event [3], published on
16/01/2014, was issued on the basis of this part of the extraor-
dinary inspection. The technical part, practically the technical
supervision during the execution of refurbishment and repair
work operations, followed. A partial report on these operations
was issued on 23/01/2014 [4].

After the completion of the repairs in the meaning of TP 154
specifications, the following activities continued: functional
testing of the tunnel fire safety equipment and checking on the
serviceability of all machines and equipment (e.g. fans, fire-
extinguishers, hydrant system in the RTT, public address, emer-
gency lighting, fire seals, fire-check doors, management system,
diesel generating set, FAD system, emergency call stations,
camera system etc.). The fire safety equipment has to fulfil its




Obr. 8 Poskozeny vyzarovaci kabel pro radiovou komunikaci v tunelu
Fig. 8 Damaged radiating cable for radio communication inside the tunnel

9.2 Dilataéni spary

Dilata¢ni spary mezi bloky definitivniho osténi ¢. 95/96
a 96/97 jsou vyplnény dilatacni hmotou, kterd umoznuje mik-
ropohyby mezi jednotlivymi bloky. U této dilatacni hmoty
doslo k zahrdti a ke zméné vlastnosti — zejména s ohledem na
jeji dlouhodobou zivotnost. Vypln spéry je nutné vymenit, ale
béhem odstdvky nebyla vyména provedena z duvodu soubéhu
praci s betondzi vozovky — predpoklada se dodate¢né provede-
ni v ndsledujici odstdvce tunelu.

9.3 Vnitini definitivni osténi

Definitivni betonové osténi bylo v prostoru zasaZzeném poZza-
rem podrobné prohlédnuto vizudlné a kontrolovano akusticky
poklepem kladivem. Na nékolika mistech byl kartd¢em odstra-
nén povlak sazi. Touto kontrolou nebylo nalezeno zZadné posko-
zeni osténi.

V rozsahu z6ny pozaru v délce cca 60 m nebylo z klimatic-
kych divodu provedeno omyti osténi tlakovou vodou. Pfi tla-
kovém myti muZe dojit k odpadnuti uvolnénych &dsti osténi
a tyto pripadné ndlezy se opravi technologii pouzivanou k sa-
naci nedostatecného kryti vyztuze betonu. Omyti a podrobna
kontrola probéhnou v dubnové odstdvce.

9.4 Nerezové ocelové konstrukce

Pri kontrole upevnéni a vlastni konstrukce bylo zjisténo, Ze
po statické strance je tinosnost a upevnéni vnitinich ocelovych
konstrukei v poradku (obr. 10, 11). Na konstrukce je ale pouZzi-
ta uhlikata ocel, ktera je velmi nachylna k degradaci vlivem
pusobeni vysokych teplot (i krdtkodobého) — na povrchu
dochazi k preméné krystalické mrizky, je z ni vytlacovan uhlik,
ktery na vzduchu rychle reaguje, a z nerezovych dilu se stavaji
dily v kratké dobé podléhajici jak povrchové, tak i hloubkové
korozi. Z tohoto duvodu byl vymontovan jeden nenosny dil,
ktery bude laboratorné analyzovén. AZ na zékladé vysledku
této analyzy bude rozhodnuto o pripadné kompletni vyméné
ocelovych konstrukci
v pozdrem zasazeném useku tunelu. Vyménu lze provadét i po
¢astech v ramci pravidelnych dlouhodobych odstavek tunelu.

véetné diaelektrického upevnéni

9.5 Kontrola technologické ¢asti

Stav technologického vybaveni tunelu byl v ramci mimorad-
né prohlidky zjiStovan predev§im prostfednictvim kontroly
protokoli z funk&nich zkouSek a kontrol provozuschopnosti
jednotlivych zafizeni.
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function in compliance with § 7, section 6 of Decree No.
246/2001 Coll. [5]. For that reason it was repaired and commis-
sioned and checked during a complete closure of the whole tun-
nel (both tubes). The final part of the extraordinary inspection
took place subsequently. Its conclusions were published during
February [6]. Functional tests and the extraordinary inspection
was carried out on 15t and 2nd February 2014, also with both tun-
nel tubes completely closed

9 COURSE OF INSPECTION

9.1 Concrete roadway

There were two slabs damaged in the lane for slow moving
vehicles and one in the central lane of blocks No. 95 and 96 of the
right-hand tunnel tube. The three slabs were broken out and repla-
ced (see Fig. 9). Checking tests of the concrete cover (both green
and initially set concrete) were conducted subsequently. After the
completion of the slabs, joints were cut and filled with a hot asp-
halt filler. With respect to the concrete hardening process, it was
impossible to start to wash the upper vault immediately.
Subsequently, on 23/01/2014, the tunnel operator forbade the ser-
vice to wash the upper vault with regard to a significant drop in
temperatures, because of the threat of the development of rime.
9.2 Expansion joints

Expansion joints between final lining blocks No. 95/96 and
96/97 are filled with a matter allowing for micro-movements bet-
ween individual blocks. This matter was heated by the fire and
its properties changed — first of all with respect to its long-term
life. The joint filling has to be replaced, but the replacement was
not carried out during the course of the outage because of the
concurrence of the roadway cover casting operations — it is
expected that it will be carried out during the next tunnel outage.
9.3 Final internal lining

The final concrete lining in the space affected by the fire was
thoroughly inspected visually and checked acoustically by tap-
ping on it with a hammer. Sooth coating was removed on seve-
ral spots with a brush. No damage to the lining was detected by
this inspection.

The washing of walls with high-pressure water was not carri-
ed out in the about 60m long fire zone because of climatic con-
ditions. It is possible during the high-pressure washing that loo-
sened parts of the lining will fall off. These contingent findings
will be repaired using the technology applied to the refurbish-
ment of insufficient cover of concrete reinforcement. The was-
hing and detailed inspection will be carried out during the April
outage.

9.4 Stainless steel structures

It was found out during the inspection of the fixation and the
structure itself that, in terms of structural analysis, the load-bea-
ring capacity and fixation of internal steel structures was in good
order (see Figures 10 and 11). However, carbon steel, which was
used for the structures, is highly susceptible to degradation due
to high temperatures (even short-term). The crystal lattice on the
surface changes. Carbon which is pressed out from it rapidly
reacts in the air and the stainless steel elements become elements
subjected to both surface and deep corrosion. For that reason one
non-load-bearing element was disassembled to be analysed in
a laboratory. The decision on the contingent complete replace-
ment of steel structures, inclusive of the dialelectric fixation in
the fire-affected tunnel section, will be made only after the
results of this analysis are known. The replacement can be carri-
ed out in parts, within the framework of regular long-term outa-
ges of the tunnel.
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10 ZAVERECNE POSOUZENI STAVU TUNELU

Zavérené posouzeni stavu tunelu bylo provedeno komisiondlné
dne 2. 2.2014. Tunelova stavba byla v rdmci mimoradné prohlid-
ky kompletné zkontrolovana (zasazend PTT, LTT, provozné-tech-
nicky objekt a souvisejici objekty). Zavérem této prohlidky bylo
konstatovani, Ze tunel spliuje veskeré predpisy a pozadavky
z hlediska pozarné-bezpecnostnich zafizeni a je schopen trvalého
a bezpecného provozu s vyhradami, které je nutné odstranit do
konce dubna 2014. Do doby odstranéni téchto vyhrad (predevsim
zlepSeni protismykovych vlastnosti vozovky) bude tunelova trou-
ba za nepriznivého pocasi provozovana se sniZzenim maximaln{
rychlosti na 60 km/h.

11 POUCENI A ZAVERY Z MIMORADNE UDALOSTI

Z prubéhu a rozboru feSeni mimorddné udélosti a predevsim
ndslednych sana¢nich praci vyplyva nékolik poznatku a také dopo-
ruCeni nejen pro provoz stavajicich, ale i pro navrh budoucich
tunelovych staveb:

 Prubéh mimoiddné uddlosti byl ,,8téstim v nestésti* — pozér
vznikl v dobé minimdlniho silni¢niho provozu a diky rychlé-
mu zdsahu byl uhaSen prakticky v zarodku.

* Zasahujici jednotka HZS se zachovala velmi profesiondlné.
Kromé rychlého piijezdu do tunelu, rychld orientace zasahuji-
cich hasi¢u a vhodné vedeni zdsahu dokazuje precizni vycvi-
¢eni celé jednotky.

 Dispecefi, fizeni a fungovani technologie tunelu pracovalo
bezchybné podle prislusnych havarijnich karet.

¢ Pozar vznikl ve stoupaci tripruhové tunelové troubé. Diky jeji
Sitce bylo mozné vést zdsah z obou stran hoficiho vozidla pres
propojku primo z hasebni techniky HZS. Nebylo nutné likvi-
dovat pozér jednostranné a tim kropit i vlastni osténi tunelu,
které mélo v tu dobu jiZz vysokou teplotu od poZzaru. Proto
nedoslo k jeho poskozeni. Teprve pro dohasovani a chlazeni
byl jednotkami vyuZit tunelovy vodovod.

e Pro rozvoj poZdru bylo podstatné, Ze stejnym smérem pusobil
kominovy efekt, pistovy efekt i vétrani podélnymi ventilatory.
Proud vzduchu ,,ohnul” tepelny proud (a tedy i sdlavé teplo)
smérem k portdlu. Proto nedoslo k vyraznému poskozeni své-
tel, kabelovych lavek ani dalSich konstrukci v klenbé tunelu.

e Zasahujicim hasi¢im se podafilo ochrénit vlastni ndvés
s nakladem, shorfelo pouze tazné vozidlo. Pri zdsahu doslo
ke dvéma vybuchim — prvni zpusobila poZdrem zasaZend
pneumatika, druhy vybuch nastal primo v kabin¢ fidice a byl
zpusoben pravdépodobné vytvorenim a iniciaci vybusné smési

2
1

Obr. 9 Priprava na betondz desky vozovky ve stiednim jizdnim pruhu
Fig. 9 Prepararation for casting of concrete roadway slab in the central traf-
fic lane

9.5 Inspection of the equipment part

The condition of tunnel equipment was determined within the
framework of the extraordinary inspection, first of all by chec-
king on protocols from the functional tests and inspections of the
operability of individual equipment units.

10 FINAL ASSESSMENT OF THE TUNNEL CONDITION

The final assessment of the tunnel condition was carried out by
a commission on 02/02/2014. The tunnel structure was comple-
tely checked within the framework of the extraordinary inspecti-
on (the fire-affected part of the RTT, the LTT, the service buil-
ding and related buildings). The conclusion of this check was the
statement that the tunnel met all regulations and requirements in
terms of fire safety equipment and could be operated permanent-
ly and safely with reservations which had to be rectified till the
end of April 2014. During adverse weather, the tunnel tube will
be operated with the maximum velocity reduced to 60km/h until
the reservations are coped with.

11 LESSONS AND CONCLUSIONS DERIVED FROM THE
EXTRAORDINARY EVENT

Several pieces of knowledge and also recommendations for
the operation of not only existing but also future tunnel structu-
res follow from the course and analysis of the solution to the
extraordinary event and, first of all, of the subsequent rehabilita-
tion work:

e The course of the extraordinary event was a blessing in dis-
guise — the fire originated during a minimum volume of traf-
fic and, owing to the quick intervention, was suppressed
practically in the very beginning.

e The intervening FRS unit behaved very professionally. Apart
from the quick arrival in the tunnel, the quick orientation of
intervening fire fighters and proper management of the inter-
vention proved the precise training of the whole unit.

* The operators, management and equipment worked flaw-
lessly, according to respective emergency cards.

e The fire originated in the ascending three-lane tunnel tube.
Owing to its width it was possible to manage the interventi-
on from both sides of the burning vehicle, via the cross pas-
sage, directly from the fire fighting equipment of the FRS.
There was no need for suppressing the fire from one side
and, in this way, to sprinkle also the tunnel lining itself, the
temperature of which was at that moment already high due
to the fire. Owing to this fact the lining suffered no damage.
The tunnel water main was used later for the final suppres-
sion and cooling.

* The fact that the chimney effect, piston effect and ventilation
by longitudinal fans acted in a uniform direction was signifi-
cant for the fire development. The airflow “bent” the thermal
flow (therefore also the radiation heat) towards the portal.
For that reason luminaries, cable brackets and other structu-
res under the tunnel vault were not significantly damaged.

* The intervening fire fighters managed to protect the loaded
trailer itself and only the towing vehicle was burnt up. Two
explosions happened during the intervention — the first one
was caused by a tyre hit by the fire; the other explosion hap-
pened directly in driver’s cabin. It was probably caused by
the development and initiation of an explosive mix of hyd-
rogen with air. Hydrogen originates by the reaction of bur-
ning magnesium alloy from the HI-FI set [2] with fire figh-
ting water (temperature of about 1400°C).

e The FRS intervention commander has estimated the heat release
rate to be 15-20MW, the temperatures at the upper vault and the

roadway were about 500°C and 1000°C, respectively.
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Obr. 10 Ocelové konstrukce, svitidlo a poskozené kabely nad mistem poZdru
Fig. 10 Steel structures, luminary and damaged cables above the fire location

Obr. 11 Odmontované svitidlo zasaZené poZdrem
Fig. 11 Detached luminary affected by fire

vodiku se vzduchem. Vodik se tvori reakcf hofici hor¢ikové sli- e The existing FAD linear heat detection cable with the

tiny z HI-FI soupravy [2] s hasebni vodou (teplota cca 1400 °C).
Velitel zasahu HZS odhaduje tepelny vykon pozdru na
15-20 MW, teplotu pfi horni klenbé na cca 500 °C, teplotu
u vozovky na 1000 °C.

Stdvajici linedrni teplotni kabel EPS s vyhodnocovaci jednot-
kou neuchovdva zdznam o prubéhu teplot a nelze tedy zpétné
dohledat teploty v misté pozaru. Bylo doporuceno provést

assessment unit does not keep records of temperatures, it is
therefore impossible to trace back temperatures in the fire
location. We recommend that detailed temperature measu-
rements be conducted during planned fire testing on the D8
motorway construction site in the section running across
Ceske Stredohori (Czech Highlands) in the Radejcin and
Prackovice tunnels).

podrobnd teplotni méfeni pfi pldnovanych zkuSebnich poZi- .
rech na stavbé dalnice D8 v tseku pres Ceské stiedohofi
(v tunelech Radejcin a Prackovice).

* Na zdkladé zkuSenosti z uzavirky pro mimorddnou prohlidku
je vhodné provadét kompletni kratkodobé uzavirky tunelt
SOKP vzdy v obou tunelech (Cholupice a Lochkov) ze sobo-
ty na nedé€li a to sou¢asné v obou tunelovych troubéch a na pri-
lehlé estakddé. To vyZaduje velké nasazeni sil a prostedku
servisni organizace a aktivaci objizdné trasy. Timto opatrenim
dojde k vyraznému zkraceni celkové doby vsech uzavirek a pri
jedné uzavirce je mozné kompletné vydistit nejen tunely, ale
i prilehlé useky estakady. Lze také provést nutné opravy tech-
nologického vybaveni na portalech dopravniho znaéeni pred
portdly tuneld.

¢ Vozovka v tunelu po pozaru nespliuje poZadavky na protismy-
kové vlastnosti podle stavajicich norem, protoze byla znecisténa
unikajicimi ropnymi produkty z poSkozeného ndkladniho vozu.
Z tohoto duvodu je nutné provézt umyti vozovky pro zlepSeni

vy z

Based on the experience with closing the tunnels on the
Prague City Ring Road for the purpose of extraordinary
inspections, we recommend that comprehensive short-term
inspections be carried out always in both tunnels
(Cholupice and Lochkov) between Saturday to Sunday,
concurrently in both tunnel tubes and on the adjacent via-
duct. It requires intensive deploying of forces and means of
the servicing organisation and activation of a diversion
route. Owing to this measure the overall duration of all clo-
sures will be significantly reduced and it will be possible to
completely clean not only the tunnels but also adjacent sec-
tions of the viaduct during one closure. It is also possible to
carry out necessary repairs of the technological equipment
at portals and traffic signalling in front of tunnel portals.

e The roadway in the tunnel after a fire does not meet requi-
rements for skid resistance properties according to current
standards because it was polluted by oil leaking from the

protismykovych vlastnostf pri nejblizf uzavirce tuneldi. damaged truck. For that reason it is necessary to wash the

* Tunely Lochkov a Cholupice jsou stile v reZimu predéasného roadway during the nearest closure of the tunnels so that the
uZivani. skid resistance properties are improved.

e The Lochkov and Cholupice tunnels continue to be in the
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DEMONSTRACNI EXPERIMENT MOCK-UP JOSEF
MOCK-UP JOSEF DEMONSTRATION EXPERIMENT

JIRI STASTKA

ABSTRAKT

Centrum experimentdlni geotechniky (Fakulta stavebni, CVUT v Praze) realizuje v letech 2012 az 2015 pro Sprdvu iiloZist radioak-
tivnich odpadii (SURAO) demonstracni experiment Mock-up Josef, ktery je zaméren na fyzikdini modelovdni chovdni bentonitové vrst-
vy zatiZené podobné jako v planovaném hlubinném iiloZisti radioaktivnich odpadii. Kromé piisobeni horninového prostredi a podzemni
vody je bentonit v experimentu zatiZen teplem. Tepelné zatiZeni od topného télesa simuluje vyzarovdni tepla od ilozného obalového
souboru s vyhorelym jadernym palivem. Nadmérné tepelné zatiZeni miZe vést napriklad k mineralogickym zméndm v bentonitu.
Zménou mineralogie by mohlo dojit k destabilizaci &dsti systému uloZeni — k omezenti tésnici schopnosti bentonitu. Fyzikdlni modely
Jsou duleZité pro ovéreni a pro matematické modelovdni stability systému uloZeni. Fyzikdlni insitu model Mock-up Josef poskytne také
zkusenosti s vystavbou a provozem dosud nerealizovaného experimentu na tizemi CR a z modelu ziskand data umozni presnéjsi simu-
laci ocekdvanych procesii v hlubinném iilozisti. Cldnek seznamuje s konstrukci experimentu Mock-up Josef a s nékterymi vysledky zis-
kanymi 7 rozsdhlého monitoringu instalovaného modelu.

ABSTRACT

The Centre of Experimental Geotechnics (the Faculty of Civil Engineering of the Czech Technical university in Prague) has been realising
from 2012 to 2015 a project for the Radioactive Waste Repository Authority (SURAO) comprising a demonstration experiment Mock-up Josef.
The experiment is focused on physical modelling of the behaviour of a bentonite layer loaded in a way similar to the conditions in the plan-
ned deep repository for radioactive waste. Apart from the action of the rock environment and groundwater, bentonite is loaded by heat in the
experiment. The thermal loading induced by a heater simulates the radiation of heat from the repository envelope containing the spent nucle-
ar fuel. Excessive heating may lead, for example, to mineralogical changes in the bentonite. The change in mineralogy may cause the desta-
bilisation of a part of the repository system — the reduction of the sealing capacity of bentonite. Physical models are important for the verifi-
cation and mathematical modelling of the disposal system stability. The Mock-up Josef insitu physical model will in addition provide experi-
ence in the construction and operation of an experiment till now unrealised in the Czech Republic. The data obtained from the model will allow
for more accurate simulation of anticipated processes in the deep repository. The paper informs about the Mock-up Josef experiment structu-

re and some results obtained from the extensive monitoring of the installed model.

uvoD

Bezpecnost systému uloZeni vyhorelého jaderného paliva
je zaloZzena na kombinaci né€kolika bariér, které musi zabra-
nit pfipadnému tniku radionuklida do biosféry po poZzadova-
nou dobu stovky tisict let. Prvni bariérou je konstrukce tloz-
ného obalového souboru, ktery ma pldnovanou projektovou
7ivotnost nékolik tisica aZ deseti tisict let (SURAO, 2010).
V tdlozném obalovém souboru je hermeticky uzavieno vyho-
relé jaderné palivo po dobu Zivotnosti obalu. Po pripadném
porusSeni kontejneru napriklad korozi lze predpoklddat
migraci radionuklida: transportnim médiem je voda,
v nékterych piipadech i plyny. Ukolem bariér obklopujicich
tilozny obalovy soubor (UOS) je tedy omezit migraci radio-
nuklidu do biosféry po dobu potfebnou pro rozpad radionuk-
lidi na bezpe¢nou droven. Bariérami obklopujicimi dlozny
obalovy soubor jsou jilova vrstva a hostitelska hornina pro
uloziste tzv. geobariéra.

V jilové vrstvé budou probihat komplikované vzijemné se
ovliviiujici procesy zejména z oblasti mechanickych zmén
(M), Sifeni vlhkosti a vody (H), Sifenim tepla (T) a che-
mickych zmén (CH). Vliv na jilovou bariéru bude mit také
radioaktivni zareni (R), které vznika pri rozpadu radioaktiv-
nich prvka v kontejneru. Nejvhodnéj$imi modely pro popis
téchto procest jsou komplexni (THMCHR) fyzikédlni mode-
ly. Fyzikdlni insitu THMCH (bez radioaktivniho zéfeni)
model Mock-up Josef je duleZitym krokem pro studium cho-
vani bentonitové bariéry v insitu podminkdch. Cilem praci je
komplexni realizace projektu fyzikalnitho modelu tloZného
mista KBS-3V (SKB, 2006). KBS-3 V je §védsky tlozny
systém, ktery je zaloZen na vertikdlni zpisobu umisténi dloZ-
ného obalového souboru do bentonitovych prstenci. Ulozny

INTRODUCTION

The safety of a spent nuclear fuel disposal complex is based
on a combination of several barriers, which have to prevent
a contingent escape of radionuclides into the biosphere for the
required period of hundreds of thousands of years. The first
barrier is the structure of the waste package. The planned
design life of this barrier is several thousands up to tens of
thousands of years (SURAO, 2010). Spent nuclear fuel is her-
metically closed in the waste package throughout the package
design life. After a contingent damage to a container, for
example by corrosion, it is possible to expect the migration of
radionuclides: the transport medium is water and, in some
cases, even gases. The task of the barriers surrounding the
waste package is therefore to reduce the migration of radio-
nuclides for the period required for the decomposition of radi-
onuclides to a safe level. The barriers surrounding the waste
package comprise a clay layer and the rock hosting reposito-
ry, the so-called geobarrier.

Complicated interacting processes will take place in the
clay layer, first of all from the region of mechanical changes
(M), propagation of moisture and water (H) propagation of
heat (T) and chemical changes (CH). The radioactive radiati-
on (R) originating during the decomposition of radioactive
elements in the container will also affect the clay barrier. The
models most suitable for the description of these processes are
comprehensive (THMCHR) physical models. The Mock-up
Josef physical insitu THMCH (without radioactive radiation)
model is an important step for the study on the behaviour of
the bentonite barrier in situ. The objective of the work is to



obalovy soubor a bentonitové prstence umisténé okolo sou-
boru tvori tzv. inZzenyrskou bariéru. Hornina obklopujici tloz-
né misto spolu s hloubkou uloZeni (stovky metri pod povr-
chem) tvori tzv. pfirodni bariéru.

Pro jilovou vrstvu je vhodnym materidlem bentonit, ktery
ma vynikajici tésnici vlastnosti a v pripadé vhodné minera-
logie spliuje podminky pro pouZiti v konstrukci hlubinného
ilozisté. Jednim z cilu fyzikdlniho modelu Mock-up Josef je
tedy ziskdni informaci o chovédni a vlastnostech zatizené
bentonitové vrstvy ve zvodnélém horninovém prostredi
a tepelném poli.

V pripravé projektu Mock-up Josef byly laboratorné oveé-
feny vlastnosti pouzitého bentonitu. Z pohledu omezeni
migrace radionuklidu jsou dulezitymi geotechnickymi vlast-
nostmi bentonitové vrstvy nizkd hydraulickd vodivost, pro-
pustnost pro plyny a bobtnaci schopnost. Pro odvod tepla od
kontejneru je také podstatnd dostatecnd tepelnd vodivost
bentonitu. DuleZitou vlastnosti je i sorp&ni schopnost bento-
nitu, diky niz je bentonit schopen nékteré radionuklidy nava-
zat do své struktury a retardovat tak jejich transport.

PRIPRAVA PROJEKTU

Pro projekt Mock-up Josef byla vybrdna rozrdazka v Casti
Stoly Josef. Stola Josef byla vyraZena jako prizkumné dilo
loziska zlata v lokalité Psi hory. Vybranou rozrdazku bylo
nutné nejdiive dukladné geologicky zmapovat. Misto leZi
v nejzdpadnéjsi oteviené Casti loZiska zlata Mokrsko zapad
(jedno z loZzisek v lokalité Psi hory, okres Pfibram). Ve zpra-
vé (Pacovsky, 2010) z pripravy projektu je geologie popsa-
na: ,,Jednd se o jiZné orientovany prekop — rozrdzku s ozna-
cenim M-SCH-Z/JP-61. Hostitelskou horninou pro model
Jsou vyvreliny slapského vybeéZku stredoceského magmatic-
kého komplexu. Jednd se o amfibolicko biotitické granodio-
rity sdzavského typu. Granodiority jsou variského (hercyn-
ského) stdari. V ramci pripravy byly na misté pripravovaného
experimentu provedeny drobné tektonické analyzy. Puklinové
systémy se jevi jako seviené, ale bez drceni. Z tektonogramii
vyplyvd, Ze dominantni je puklinovy systém témér svislych
diskontinuit sméru zdpado-jihozdpad — vychodo-severovy-
chod se sklonem k severu. Druhym vyznamnym systémem je
systém puklin severozdpad — jihovychod s tiklonem kolem 45
stupniui k zdpadu. Tretim pak systém témér severojiznich dis-
kontinuit se sklonem rovnéz 45 stuprii k vychodu.

Geologické mapovani potvrdilo vhodnost vybraného mista
pro realizaci projektu. Pro hlubinné dloZisté jsou, jako vhod-
né hostitelské formace, navrzeny mj. granitické horniny
a podle mapovani je i model Mock-up Josef umistén v po-
dobné geologické formaci.

V pripravné fazi projektu byly odvrtany ve vybrané roz-
rdazce tri vertikdlni velkoprofilové studny. Studna u Celby
rozrdazky byla vybrana pro umisténi modelu, dal§i ponechdna
pro monitoring ¢i pro pripadny navazujici vyzkum a pos-
ledni studna (nejblize hlavnimu prekopu) je pouZita pro zna-
zornéni konstrukce modelu Mock-up Josef pro vefejnost. Pro
odvrtdni velkoprofilovych studni o hloubce 2,8 m a priméru
0,75 m byl vyuZity jadrovy vrtaci stroj od firmy Hilti. Okoli
studen bylo upraveno nabetonovdnim desek na pocvu.
Vrchni hrana betonovych desek je nad hladinou vody v roz-
rdzce a je tedy zamezeno primym vtokim vody do studen
pres hrany betonové desky (obr. 1).

Hlavni ¢dsti experimentu je vlastni bentonitové tésnéni.
Proto byla v pripravné fazi vénovéna velkd pozornost vybé-
ru té€sniciho materidlu. Z geotechnického hlediska je duleZi-
td zejména nizkd propustnost a dostate¢ny bobtnaci tlak.
Propustnost zdvisi na mife zhutnéni bentonitu a jeho minera-
logickém slozeni. Bobtnaci tlak signalizuje i schopnost
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carry out a comprehensive project for the KBS-3V (SKB,
2006) repository space. KBS-3V is a Swedish repository
system, which is based on a vertical system of the placement
of the waste package into bentonite rings. The waste package
and the bentonite rings surrounding the package form the
so-called engineering barrier. The rock surrounding the dis-
posal space, together with the repository depth (hundreds of
meters under the ground surface), forms the so-called natural
barrier.

Bentonite is a material suitable for the clay layer because of
its excellent sealing properties. In the case of suitable minera-
logy, it meets conditions for the use for deep repository struc-
tures. One of the objectives of the Mock-up Josef physical
model is therefore to obtain information on the behaviour and
properties of a loaded bentonite layer in a water-bearing rock
environment and in a thermal field.

The properties of the bentonite to be used were verified in
the project preparation stage. Low hydraulic conductivity,
permeability for gasses and the swelling capacity are impor-
tant geotechnical properties of the bentonite layer as far as the
reduction of the migration of radionuclides is concerned.
Sufficient thermal conductivity of the bentonite is also signi-
ficant for the removal of heat from the container. An impor-
tant property is also the sorption capacity of bentonite. Thanks
to this property, bentonite is capable of capturing some radio-
nuclides in its structure, thus retarding their transport.

PROJECT PREPARATION

A stub in a part of the Josef gallery was selected for the
Mock-up Josef project. Josef gallery was driven for surveying
a gold deposit in the Psi Hory locality. The selected gallery
stub had to be first of all thoroughly geologically mapped. It
is located in the westernmost open part of the gold deposit,
Mokrsko West (one of deposits in the Psi Hory locality, the
region of Prfibram). In the project preparation report
(Pacovsky, 2010), geology is described as follows: , It is
a south-oriented crosscut — gallery stub marked M-SCH-Z/JP-
61. The host rock for the model comprises volcanic rock types
forming the Slapy spur of the Central Bohemian magmatic
complex, namely amphibolite-biotite granodiorites of the
Sdzava-River type. The granodiorites are of the Variscan
(Hercynian) age. Minor tectonic analyses were carried out in
the location of the experiment to be prepared as a part of the
preparation. Fissure systems appear to be tight, without crus-
hing. It follows from tectonograms that a fissure system of
nearly vertical discontinuities trending west-southwest — east-
northeast and dipping toward north dominates. The second
important system is a system of north-west — south- east tren-
ding fissures, dipping about 45 degrees toward the west. The
third system trend is north-south; it also dips 45 degrees
toward the east*“.

The geological mapping confirmed that the location was
suitable for the implementation of the project. Granitic rock
types are, among others, designed as formations suitable for
deep repositories and, according to the mapping, the Mock-up
Josef project is located in a similar geological formation.
Three vertical large-profile wells were bored in the selected
gallery stub in the project preparatory phase. The well at the
stub excavation face was selected for the model, the next one
was left for monitoring or for a potential subsequent research
and the last well (closest to the main crosscut) is used for the
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Obr. 1 Vlevo rozrdZka s odvrtanymi studnami a vpravo pohled do jedné z velkoprofilovych studen
Fig. 1 Gallery stub with the bored wells on the left side, a view down one of the large-profile wells on the right side

selfhealingu (samohojeni). Pozadované hodnoty vlastnosti
nejsou prozatim pro Ceské tlozi§té stanoveny, ale limitujici
parametry geotechnickych vlastnosti jilové bariéry jsou ziej-
mé (minimdlni propustnost, vysoky bobtnacf tlak) a lze také
pouzit pozadavky stanovené v podobnych konceptech ukla-
ddni v zahraniéni napfiklad ve Finsku a ve Svédsku
(Rautioaho, 2009; SKB, 2006). Material jilové bariéry musi
mit schopnost vyvinout bobtnaci tlak vétsi nez oy, > 1 MPa,
mensi neZ Oy, < 10 MPa (ochrana UOS pfed nadmérnym
namdhdnim tlakem bentonitu) a soucinitel propustnosti (hyd-
raulické vodivosti) nesmi byt vét$si nez k=10"'2 m/s
(Rautioaho, 2009; SKB, 2006).

Podminkou bylo vyuziti Ceského bentonitu v modelu.
V rdamci projektu byl proto zejména zkouSen primyslove
dodévany pfirodni bentonit z loziska Cerny vrch v severnich
Cechéch. V pribéhu testovani byly ovéfeny geotechnické
parametry jako napfiklad hydraulicka vodivost, bobtnaci
tlak, konzistencni (vlhkostni) meze, tepelnd vodivost atd.
Vlastnosti vybraného bentonitu byly porovndny s dal§imi
bentonity. Laboratorni zkousky provedené v ramci projektu
prokazaly, Ze vybrany bentonit (komercni oznaceni B75) je
vhodny pro pouziti v modelu Mock-up Josef. Na zdkladé
vysledku laboratornich zkouSek hydraulické vodivosti
a bobtnaciho tlaku byla ur€ena objemova hmotnost vysusené
zeminy, na kterou byly bentonitové segmenty pro vystavbu
modelu zhutnény/lisovdny pq =1,75 Mg/m3. Bentonit zhut-
nény na miru pgq =1,75 Mg/m3 vykazuje malou propustnost
(hydraulickd vodivost k=103 m/s) a je vysoce bobtnavy pfi
prijimédni vody (bobtnaci tlak o, = 10 MPa). Objemova
hmotnost bentonitu se v pribéhu saturace vrstvy bude sniZo-
vat, protoZe bentonit bude vypliovat volné prostory napri-
klad i technologickou spdru mezi bentonitem a horninou.
Klesne tedy i bobtnaci tlak a zvy$i se propustnost, ale i po
vyplnéni volnych prostor bude splnovat pozadované hodno-
ty (obr. 2).

KONSTRUKCE MODELU

Hlavni ¢asti demonstra¢niho experimentu Mock-up Josef
je bentonitovd vrstva, kterd obklopuje topné téleso.
Bentonitovéd vrstva byla vystavéna z lisovanych segmentd.
Bentonit byl lisovdn na objemovou hmotnost pgq =1,75
Mg/m?3. Pro lisovani segmentu byl pouZit lis s lisovaci silou
az 600 kN.

Model je vystavén ze 33 vrstev bentonitovych segmentu.
Vyska jednotlivych vrstev je 67 mm a vysSka modelu je
2170 mm. Primér kruhu vystavéného ze segmentl je

demonstration of the Mock-up Josef model structure to the
public. A Hilti core-drill rig was used for boring the 2.8m
deep and 0.75m-diameter large-profile wells. The neighbour-
hood of the wells was improved by casting concrete slabs on
the gallery stub bottom. The upper edge of the concrete slabs
is above the surface of water in the stub. The direct flowing of
water into the wells over the concrete slab edges is therefore
prevented (see Fig. 1).

The main part of the experiment is the bentonite sealing
itself. The selection of the sealing material was therefore paid
great attention during the preparatory phase. From the geo-
technical point of view, low permeability and a sufficient
swelling pressure are very important properties. Permeability
depends on the degree of compaction and mineralogical com-
position of the bentonite. The swelling pressure even signals
the selfhealing capacity. The required values of the properties
have not been determined yet for Czech deposits, but the limi-
ting parameters of the geotechnical properties of the clay bar-
rier are obvious (minimum permeability and high swelling
pressure) and it is also possible to use the requirements set in
similar concepts of reposition abroad, for example Finland
and Sweden (Rautioaho, 2009; SKB, 2006). The clay barrier
material has to be capable of exerting swelling pressure over
Osw > 1MPa, lower than o, < 10MPa (protection of the waste
package against excessive stressing by the bentonite pressure)
and the coefficient of permeability (hydraulic conductivity)
must not exceed k=10"2m/s (Rautioaho, 2009; SKB, 2006).

The condition was that Czech bentonite was used in the
model. For that reason the industrially produced natural ben-
tonite from the Cerveny Vrch deposit in Northern Bohemia
was preferably tested in the project. Geotechnical parameters,
for example hydraulic conductivity, swelling pressure, consi-
stency (moisture) limits, thermal conductivity etc., were veri-
fied during the course of the testing. The properties of the
selected bentonite were compared with properties of other
bentonites. Laboratory tests conducted within the framework
of the experiment proved that the selected bentonite (com-
mercial designation B75) was suitable for the use in the
Mock-up-Josef model. The dry density of soil was determined
on the basis of the laboratory results of hydraulic conductivi-
ty and swelling pressure. Bentonite segments to be used for
the construction of the model were compacted/compressed
to this density pgq =1.75Mg/m>. Bentonite compacted to
pg =1.75Mg/m3 rate displays low permeability (hydraulic
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1E-11 -

conductivity k=10""3m/s) and is highly swel-
ling when receiving water (swelling pressure

o,w= 10MPa). Bentonite density will dimi-

nish during the course of saturation of the

layer because the bentonite will fill empty

1E-12 - ~8

spaces, for example the joint between bento-
nite and ground. The swelling pressure will

therefore drop and permeability will grow,

but they will meet required values even after

filling the empty spaces (see Fig. 2).

1E-13 -

MODEL STRUCTURE

Hydraulicka vodivost [m/s]
Hydraulic conductivity [m/s]
/4

The main part of the Mock-up Josef

demonstration experiment is the bentonite

1E-14

layer surrounding the heater. The bentonite
layer was constructed from compressed seg-
ments. Bentonite was compressed to the

1,1 1,2 13 1.4 1,5 1,6

1,7 1,8

Objemova hmotnost vysusené zeminy [Mg/m3] - Dry density of soil [Mg/m?3]

density pg =1.75Mg/m°>. A pressing machine
with the pressing force of up to 600kN was
used for pressing the segments.

The model is formed by 33 layers of

Objemova hmotnost vysusené zeminy [Mg/m3] — Dry density of soil [Mg/m3]

" bentonite segments. The height of indivi-
E dual layers is 67mm and the height of the
= 12 . model is 2170mm. The diameter of the
g / circle constructed from the segments is
210 - _/' 700mm. The model scale was designed
g / approximately at a half of the KBS-3V
g’ 8 - placement system.
= Six bottom layers of bentonite segments
u;, / consist of three segment types (small, medi-
L %4 A um and big). From the seventh layer upward
& ; / o the small and medium segments were left
% 4 i out. A space for the heater was formed by
T _{l/‘ leaving the segments out. The heater was
'S 2 4 _a installed directly on the sixth layer. From
< —
_..g | | the heater surface up, small pre-cast seg-
2 0 ! | . ! | { ments were again used in the layer structure
11 1,2 1,3 1,4 1,5 1,6 1,7 1,8 to fill the space above the heater. The rema-

ining space above the heater is designed for
the pipelines from the heater. It was filled
with crushed pre-cast elements and powder

Obr. 2 Grafy s hodnotami propustnosti bentonitu B75 nahore (hydraulické vodivosti) a dole bobtna-

ciho tlaku
Fig. 2 Graphs with bentonite B75 per
pressure values on the bottom

700 mm. Model byl navrzen zhruba v poloviénim méritku
oproti systému ulozeni KBS — 3V.

Sest spodnich vrstev bentonitovych segmentt je sloZeno ze
tff druht segmentd (maly, stfedni a velky). Od sedmé vrstvy
byly vynechdny malé a stfedni segmenty. Vynechanim seg-
mentu bylo vytvofeno misto pro topné téleso, které bylo usa-
zeno primo na Sestou vrstvu. Od vrchu topidla byly pri sklad-
bé vrstvy opét pouzity malé prefabrikaty na zaplnéni prosto-
ru nad topidlem. Zbyly prostor nad topidlem je urcen pro
vedeni trubek od topného télesa a byl vyplnén zdsypem
z rozdrcenych prefabrikdtu a praSkového bentonitu.

Pro simulaci tepelného zatiZeni bentonitu teplem bylo do
bentonitové vrstvy instalovano topné téleso. Topné teleso
tvori duty ocelovy viélec z uSlechtilé oceli o pruméru
320 mm a vySce 1300 mm. Topné téleso bylo pri vystavbé
modelu poloZeno na 6. vrstvu bentonitovych tvarnic. Jako
médium pro prenos tepla uvnitr valce je pouzity olej a topeni

bility (hydraulic conductivity) values on the top, swelling

bentonite.

A heater was built into the bentonite layer
for the simulation of the thermal load acting
on the bentonite. The heater is formed by
a hollow high-grade steel cylinder with the
diameter of 320mm and the height of 320mm. The heater was
placed during the construction on the sixth layer of the bento-
nite blocks. Oil is used as the heat-transferring medium; the
heat is secured by two 2000W heating spirals installed inside
the cylinder (see Fig. 3).

MODEL CONSTRUCTION AND TRANSPORT

It was necessary to construct the model in a laboratory on
the surface, outside the damp underground. Bentonite beha-
ves hygroscopically, which means that it absorbs moisture
from the air. This leads to swelling and the deformation of the
block. It may even lead to cracking of the segments.
Even though moisture in laboratory conditions is incompa-
rably lower than in the underground, it was necessary to pro-
tect the segments with PVC jackets during the disposal. The
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Obr. 3 Rozméry modelu Mock-up Josef v mm s naznaéenym umisténi topného télesa a s oznacenim umisténi vodorovnych monitorovacich profilu (I az V)
Fig. 3 Mock-up Josef model dimensions in mm with the location of the heater indicated in it and with the marking of the locations of horizontal monitoring

profiles (Ito'V)

zajistuji uvnitf vdlce umisténé dve topné spirdly o celkovém
vykonu 2000 W (obr. 3).

VYSTAVBA A PREVOZ MODELU

Model bylo nutné vystavét v povrchové laboratofi, mimo
vlhké podzemi. Bentonit se chovd hygroskopicky, pfijima
tedy vzdus$nou vlhkost, coZ vede k bobtnani a deformaci
bloku. Pfipadné dojde aZ k popraskéni segmentu. I kdyZ vlh-
kost v laboratornich podminkach je nesrovnatelné niz§i nez
v podzemi, presto bylo nutné bentonitové segmenty pri skla-
dovani chranit obaly z PVC. Vystavba modelu probihala
zhruba pul roku a v prubéhu vystavby byl instalovdn
a prubézné zkousen monitoring bentonitové vrstvy a topného
systému (obr. 4).

work on the model construction took about half a year and
the monitoring of the bentonite layer and the heating system
was installed and continually tested during the course of the
construction.

When the bentonite layer construction had been finished,
the model was tied together by a steel shell and was prepared
for the transport to the placement location. In December 2012,
the Mock-up Josef physical model was transported from the
laboratory on the surface to the disposal well in the gallery
stub M-SCH-Z/JP-61. The total weight of the model including
the monitoring and cabling system amounted to 1950kg. The
steel shell secured the model stability during the course of the
transport.

Obr. 4 Foto z vystavby modelu (vlevo pohled na stavénou geotechnickou bariéru v perforovaném pldsti, vpravo foto z vystavby

v laboratori, ve které byl model vystavén)

447,

nim silu

delu v experii

Fig. 4 Photo from the model construction phase (a view of the geotechnical barrier under construction in the perforated shell on the left side; photo from the
construction of the model in the experimental silo in the laboratory in which the model was constructed)




Obr. 5 Vievo vystaveny model v experimentdlnim silu pred montdZi prevozniho ocelového obalu, uprostred model umistény v prevoznim obalu, vpravo nahore je obrd-
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zek z manipulace s modelem na transportnim voziku v misté realizace projektu a vpravo dole obrdzek umisténého modelu nad iiloZnou studnou pred spoustenim
Fig. 5 Model constructed in the experimental silo before the installation of the steel transport shell on the left side; model placed into the transport shell is next
to it; Right top - picture from the model handling on the transport trolley in the location of the project realisation; right bottom — a picture of the model above

the well before lowering

Po vystavbé bentonitové vrstvy byl model sepnut ocelo-
vym obalem (obr. 5) a pripraven k prevozu do mista uloZeni.
V prosinci 2012 byl fyzikalni model Mock-Up Josef preve-
zen z povrchové laboratore k udlozné studni v rozrdZzce
M-SCH-Z/JP-61. Celkova hmotnost modelu véetné monito-
ringu a kabeldZe byla 1950 kg. Ocelovy obal zabezpecil sta-
bilitu modelu pfi manipulaci a prevozu.

Po prevozu byl model spustén do tlozné studny. IThned po
spusténi byly nad vikem modelu instalovany &tyfi rozpérné
trubky tak, aby bylo zabranéno posunu vika vlivem bobtna-
ni bentonitové vrstvy. Zaroven byl zapojen monitoring, zacal
kontinudlni sbér dat a byl zprovoznén topny systém (obr. 6).

MONITORING MODELU

Experiment je instrumentovdn méficimi ¢idly a data sbird-
na z Cidel jsou kontinudlné ukldddna do databdaze méficiho
systému. Kromé vlastnich naméfenych dat, kterd systém
uchovdva v primarnich jednotkach, databaze obsahuje
kompletni informace o jednotlivych c¢idlech instalovanych
v experimentu a denik experimentu. Nedilnou souédsti méficiho

After the transport the model was lowered to the disposal
well. Four bracing tubes were installed above the model cover
immediately after lowering so that the shifting of the cover
due to swelling of the bentonite layer was prevented. At the
same time the monitoring system was connected and the con-
tinual date collection started; the heating system was brought
into service (see Fig. 6).

MODEL MONITORING

The experiment is instrumented by measurement sensors
and the data collected from sensors is continually stored in the
measurement system database. In addition to the measured
data itself which is stored by the system in primary units, the
database contains complete information on individual sensors
installed in the experiment and the experiment log. An inse-
parable part of the measurement system is the web interface.
It allows for getting an overview of events in the experiment.
Among basic information items (services) provided by the
interface there are a list of sensors allowing for the plotting of
graphs for a chosen period, 3D visualisation of the current

Obr. 6 Spousténi modelu do iiloZné studny vlevo a pohled do rozrdzky s instalovanym modelem a s rozpérnymi trubkami
Fig. 6 Lowering the model down the disposal well on the left side; a view down the gallery stub with the model installed in it and the bracing tubes
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Tlak a teplota na profilu 3 — Pressure and temperature in profile No. 3
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Obr. 7 Grafické zndzornéni méreného tlaku bentonitového télesa v zdvislosti na dobé zatiZeni a vpravo umisténi méricich Cidel v profilu II1
Fig. 7 Graphical representation of the measured pressure in the bentonite body depending on the loading duration; locations of measurement sensors in profi-

le III on the right side

systému je webové rozhrani. To umoZnuje jednoduchym
zpusobem ziskat prehled o déni v experimentu. Mezi
zékladni informace (sluZby), které rozhrani poskytuje, patii
seznam &idel s moznosti vykresleni grafu za zvolené obdo-
bi, 3D vizualizace aktudlniho stavu, prehled o funkénosti
systému a denik experimentu. Webové rozhrani je dostupné
na webu CEG.

Experiment Mock-up Josef byl, na zdkladé dobré zkuse-
nosti, instrumentovan obdobné jako experiment Mock-Up-
CZ. Laboratorni fyzikdlni Mock-up CZ model v méfitku 1:2
byl v CEG realizovan v letech 2000-2008 (Svoboda, 2010;
Pacovsky, 2006). Po skonceni projektu Mock-up Josef se
predpokldadd porovnani zjiSt€énych hodnot vlastnosti
s laboratornim modelem Mock-Up-CZ.

Nejvice Cidel, vice nez 150, je zaméfeno na sledovani
vyvoje teploty uvnitf bentonitového télesa. Teplotni ¢idla
byla umisténa i do horniny obklopujici model. Uvnitf bento-
nitového télesa jsou také umistény hydraulické bunky, které
méri hodnoty tlaku. Tato méridla jsou umisténa v kazdém
mefeném profilu (I az V) a méfi tlak ve tfech rovinach.
Celkem je v modelu umisténo 45 hydraulickych tlakovych
bunék. Do bentonitu byly umistény i senzory relativni vlh-
kosti, které poskytuji informaci o prubéhu syceni bentonitu.

VYSLEDKY MONITORINGU

Béhem provozu experimentu jsou kontinudln€ sbirdna data
v intervalu 10 minut. Je tvorena rozsdhld databdze velicin,
které popisuji chovédni bentonitové vrstvy. NejduleZitéj$im
méfenim je odeCet hodnot tlaku a teploty v bentonitu. Pro
prezentaci naméfenych dat je vhodné pouZit grafické znézor-
néni pribéhu, které vyjadiuje zménu hodnot v Case (obr. 7
a obr. 8). Ziskana data poskytuji okamzité informace o cho-
vani bentonitové vrstvy, ale budou vyuZita i pri tvorbé mate-
matické simulace chovani bentonitové bariéry v dlouhodobém
intervalu. Pro ovéreni stavu bentonitové vrstvy jsou také ode-
birdny vzorky. Vysledky odbéri napoméhaji k objasnéni cho-
vén{ bentonitové vrstvy v prubéhu experimentu.

state, an overview of the functionality of the entire system and
the experiment log. The web interface is available on the
Centre of Experimental Geotechnics (CEG) web.

The Mock-up Josef experiment was instrumented, on the
basis of good experience, similarly to the Mock-Up-CZ
model. The laboratory physical Mock-Up-CZ model at a scale
of 1:2 was realised during the 2000-2008 period (Svoboda,
2010; Pacovsky, 2006). The comparison of measured values
with the laboratory Mock-Up-CZ model is planned after the
completion of the Mock-up Josef project.

The majority of tests, over 150, are focused on the observa-
tion of the development of the temperature inside the bentoni-
te body. Temperature sensors were even installed in the rock
surrounding the model. In addition, hydraulic cells measuring
the values of pressure are installed inside the bentonite body.
These measuring devices are installed in every third profile
being measured (I to V); they measure pressure in three pla-
nes. In total, 45 hydraulic pressure cells are installed in the
model. Relative moisture sensors providing information on
the course of the bentonite saturation process were also instal-
led in the bentonite.

MONITORING RESULTS

Data is collected during the course of the experiment ope-
ration at 10-minute intervals. An extensive database of quan-
tities describing the behaviour of the bentonite layer is crea-
ted. The most important is the measurement of the values of
pressure and temperature in the bentonite. Most suitable for
the presentation of measured data is the graphical represen-
tation of the course, expressing changes in the quantities
with time. The obtained data provides immediate informati-
on on the bentonite layer behaviour, but it will be also used
in the process of the development of the mathematical simu-
lation of the bentonite barrier in a long-term interval.
Samples are also taken for the purpose of verifying the
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Teplota - svisly profil 128 / Temperature - vertical profile No. 128

chédzi k rovnomeér-
nému syceni bentonitové vrstvy. Tlakova ¢idla umisténa napri-
klad na stejnych pozicich a v rizné hloubce méfi jiné hodnoty
tlaku. VIiv na razny méfeny tlak miZou mit i nehomogenity zpu-
sobené konstrukci modelu, naptiklad spary (mezi bentonitovymi
bloky, mezi bloky a ¢idly) a jejich postupné zmenSovani
v dusledku bobtnédni bentonitu. Nerovnomérné rozloZen{ vlh-
kosti a objemové hmotnosti potvrdil i vertikalni odbér vzor-
ka piimo z bariéry. Vysledky z odbéru prokdzaly raznou vlh-
kost v fadech procent (na 30 cm hloubky od vika zména zhru-
ba 0 10 % hmotnostni vlhkosti). Z vysledka odbéra je patrnd
ruznd objemova hmotnost bentonitu po vySce modelu a méni
se i stupen saturace. S hloubkou od vika modelu stupen satu-
race klesd a roste objemova hmotnost vysusené zeminy.
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Obr. 8 Grafické zndzornéni mérené teploty v bentonitovém télese v zdvislosti na dobé zatiZeni nahore a dole
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— — » Fig. 8 Graphical representation of the temperature measured in the bentonite body depending on the loa-
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— 1 patrny ndrist mé- | clarify the behaviour of the bentonite layer during the cour-
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—] e dnech provozu mo- The increase in the measured temperature after 14 days of

— — delu a dva  vy- the model operation and two heater failures are obvious from
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_— ] Fl)id(i(y t}?ildlla‘ P,O Fig. 8. After 14 days the temperature in the heater was incre-
128,01 — §enanteec lotz ?/Ztgy- ased to 100°C, at which the temperature the temperature on
33;3% v 11 ném téllz:se na hog- contact between bentonite and the heater is 90°C.

128.04 o : ° o It is possible to assume according to the different courses of
128.05 [ —Z B notu 100 °C, pri _ .

128.06 [ : které je v kontaktu the measured pressure values that the bentonite layer is not
128,07 - mezi bentonitem being saturated uniformly. Pressure sensors installed, for

/ T \ a topnym télesem example, in identical locations and at different depths measu-

{ 7 N teplota 90 °C. re different pressure values. The different measured pressure

["“_\'" i Podle riizného pri- | can be also affected by inhomogeneities resulting from the

\ 3 | / béhu hodnot mére- model structure, for example joints (between bentonite

ks ného tlaku lze pred- blocks, between blocks and sensors), and their gradual dimi-
pokladat, Ze nedo- | nishing due to bentonite swelling. The uneven distribution of

moisture and density was even confirmed by the vertical sam-
pling directly from the barrier. The results from the sampling
proved moisture content varying in the order of per cent (the
difference of about 10% of the weight-based moisture). The
sampling results prove the density of bentonite varying along
the model height; the degree of saturation also varies. The
degree of saturation drops and the dry density of soil grows
with the depth measured from the model cover.

It is obvious from the results of pressure measurements that
bentonite starts to swell immediately after it is placed into
a moist environment. Changes in the order of kPas were mea-
sured on some sensors already in initial hours of the model
operation.
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Z vysledku méfeni tlaku je zfejmé, Ze bentonit zaina
bobtnat okamzité¢ po umisténi do vlhkého prostredi. Zmény
v fadech kPa byly méfeny na nékterych ¢idlech jiz v prvnich
hodinach provozu modelu.

Z monitoringu teploty lze rozpoznat i rozdily v tepelném
zatizeni bentonitu. U topného télesa je bentonit zatiZzen 90 °C
a na rozhrani bentonit hornina je méfena teplota cca 30 °C.

Naméfend data budou vyuZitelnd pro ovéreni vysledka
z matematickych modelu, které jsou jedinym ndstrojem pro
simulaci dlouhodobého (statisice let) chovéani bentonitu.

ZAVER

Centrum experimentdlni geotechniky realizuje tfilety pro-
jekt demonstracni experiment Mock-up Josef. V podzemi
Stoly Josef umistény fyzikdlni model Mock-up Josef posky-
tuje dalezitd data o chovani Ceského bentonitu pfi insitu zati-
Zeni teplotou a zvodnélym prostfedim. V prubéhu projektu
jsou kontinuédlné odecitany hodnoty veli¢in monitorovanych
uvnitf bentonitového télesa a horniny obklopujici model.
Nejvice ¢idel odecita hodnoty teploty po tepelném zatiZzeni
bentonitu a horniny. Dal$im duleZitym méfenim je odecet
hodnot tlakd z bentonitové vrstvy. Vysledky z prvnich mére-
nf ukdzaly, Ze bentonit za¢ind bobtnat v prvnich hodinach po
umisténi do vlhkého prostredi a vliv na méfeni tlaku ma
i tepelné zatiZeni bentonitu (tepelnd roztaznost). V prubéhu
provozu modelu jsou prubézné odebirdny vzorky z ben-
tonitové vrstvy. Odebrané vzorky napomdhaji k vyhodnoceni
experimentu a poskytuji aktudlni informaci o stavu bentoni-
tové bariéry.
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It is possible to recognise changes in the thermal loading
acting on bentonite even from the monitoring of temperatures.
At the heater, bentonite is loaded by 90°C, whilst at the ben-
tonite-ground interface the measured temperature is about
30°C.

The measured data will be usable for the verification of
results from mathematical models, which are the only tool for
the simulation of long-term (hundreds of thousands of years)
behaviour of bentonite.

CONCLUSION

The Centre of Experimental Geotechnics realises a three-
year project, the Mock-up Josef demonstration experiment.
The physical Mock-up Josef model installed in the underg-
round space of the Josef gallery provides important data on
the behaviour of Czech bentonite when it is loaded insitu by
heat and a water-bearing environment. During the course of
the project the values of quantities monitored inside the ben-
tonite body and the rock surrounding the model have been
continually read. Most sensors read values of temperature
after loading the bentonite and rock by heat. Another impor-
tant measurement is the reading of the values of pressures
from the bentonite layer. The results from initial measure-
ments showed that bentonite starts to swell during initial
hours after placing it into a moist environment and the ther-
mal load acting on bentonite (thermal expansion) also affects
the measurements of pressure. Bentonite samples have been
continually taken from the bentonite layer during the course
of the model operation. The obtained samples are helpful in
assessing the experiment and provide current information on
the condition of the bentonite barrier.
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PREDIKCE GEOLOGICKYCH POMERU PRI RAZBE TBM
NA PROJEKTU NEELUM-JHELUM

TBM ADVANCE GEOLOGICAL FORECASTING
ON THE NEELUM-JHELUM PROJECT

GARY PEACH, ARISTOTELIS CARAVANAS

ABSTRAKT

V severovychodnim Pdkistdnu je ve vystavbé projekt podzemni hydroelektrdrny Neelum-Jhelum s instalovanym vykonem 969 MW.
Cdst tunelii v délce priblizné 2x11,5 km je raZena za pomoci dvou plnoprofilovych razicich strojii TBM. Razba tunelii probihd misty
v ndrocnych geologickych podminkdch. V pribéhu razeb je nepretriité pouZivano vice systémii predikce kvality horninového masivu
pred Celbou tunelu. Prispévek popisuje celkem tFi nezdvislé systémy pro predikci geologickych pomeri pred razici hlavou TBM — jdd-
rové predvrty, systém TST a systém ISIS.

ABSTRACT

The Neelum-Jhelum Underground Hydropower Project which is located in the North-East Pakistan is currently under construction. The hyd-
roelectric project will have the installed capacity of 969MW. Portion of the tunnels with approximate length 2x11.5km is being excavated with
usage of two full profile tunnel boring machines TBM. The excavation is locally undergoing through difficult rock mass conditions. There are
Sfew completely independent systems installed on each TBM in order to continually predict rock mass quality ahead of tunnel face. This paper
details the three methods by which advance geological investigation is being carried out on the two TBMs — traditional probing, TST and ISIS
seismic investigation systems.

uvoD

Projekt Neelum-Jhelum je situovdn do severovychodniho
Pékistanu na tzemi stdtu Azad Jammu and Kashmir v okresu
Muzaffarabad. Voda z feky Neelum bude svedena vodnimi pfi-
vadéCi o délce cca 28,5 km k podzemni hydrocent-

INTRODUCTION

The Neelum Jhelum Hydroelectric project is located in the
Muzaffarabad district of Azad Jammu and Kashmir, the
North-East area of Pakistan. Water will be conveyed from the

rdle. Pfiblizné v puli své trasy podchézeji privadé-
&e pod fekou Jhelum (obr. 1). Cést pfivadéci mezi
fekami Neelum a Jhelum je raZena za pomoci dvou
TBM. Instalovany vykon hydroelektrarny bude
¢init 969 MW pri vysce vodniho spadu cca 420 m.

Projekt je od roku 2008 ve fazi vystavby.
Tunelovy projekt podobného rozsahu a s uzitim
TBM nebyl v Pdkistanu dosud realizovan.

Investorem projektu je WAPDA — pdkistdnsky 2
urad pro rozvoj vodniho a energetického hospo-
darstvi. Dodavatelem projektu je sdruzeni spolec-
nosti China Gezhouba Group Company (CGGC)
a China Machinery Engineering Corporation
(CMEC). Supervizi provadi sdruZeni spole¢nosti
nazvané Neelum-Jhelum Consultants (NJC) sdru-
zujici americkou spole¢nost Montgomery Watson
Harza (MWH) International Inc., norsky Norplan
a. s., pakistanské National Engineering Services
(NES), Associated Consulting Engineers (ACE)
a National Development Consultants (NDC).

GEOLOGICKE POMERY

Geologické poméry pro raZbu tunelt byly shr-
nuty v dokumentaci pro provedeni stavby [1].
Usek tunelu, ktery bude raZen za pomoci TBM,
je charakterizovéan zvrasnénym, tektonicky poru-
Senym souvrstvim sedimentdrnich hornin néleZe-
jicich do formace ,,Niz§{ Murree®. Tato formace
je tvofena zejména stiidanim souvrstvi piskovcu,
jiloveu a bridlic, kterd mohou dosahovat moc-
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nosti az nékolik stovek metru. Tab. 1 popisuje

zéakladni vlastnosti jednotlivych hornin.

Obr. 1 Situace razeb, iisek mezi mésteckem Thota a prehradou u Nauseri raZen za pomoci dvou TBM
Fig. 1 Layout of the tunnels; two TBMs are excavating the section between Thota town and Nauseri
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Tab. 1 Charakteristiky hornin
Table 1 Rock Description

Hornina
Rock

Popis
Description

Pevnost v prostém tlaku [MPa]
UCS [MPa]

Piskovce SS1

Stfedné az hrubé zrnité, svétle Sedivé, pevné, dobfe stmelené; vyssi

pravdépodobnost pfitomnosti podzemni vody 75-97
Sandstone SS1 Medium to coarse grained, grey in colour, well-cemented; with higher probability

of presence of underground water
Piskovce SS2  Stfedné zrnité, hnédé, Sedé, stfedné pevné, nékteré maji tendenci se drobit 38-55
Sandstone SS2 Medium grained, brownish grey in colour, moderately strong, some of which

are prone to decompose
Jilovce Jemné zrnité, Cerveno-hnédé, stfedné pevné, nékteré maji tendenci se drobit;

suché, bez pfitomnosti podzemni vody 34-50
Mudstone Fine grained, reddish brown in colour, moderately strong, some of which

are prone to crumb; majority dry without presence of underground water
Bridlice Jemné zrnitd, Cerveno-hnédd, s nizkou pevnosti 17-30
Shale Fine grained, reddish brown in colour, weak

Ocekdavané geologické podminky zahrnuji moZnost pri-
tomnosti poruchovych pdsem, dseky se zvySenymi pritoky
podzemni vody do vyrubu a vyrazné deformace vyrubu.
Z duvoda vysokych napéti insitu lze misty predpoklddat
vyskyt siln€ tlac¢ivych hornin. V takovém pripadé dochézi
k vyznamnému vyvoji deformaci a ndrastu zatiZen{ na tune-
lové osténi z dlouhodobého hlediska. Naopak v kvalitnim
horninovém masivu s vysokou pevnost{ muZe pfi vysokém
nadlozi dochazet k ndsilnému odpryskdvani horniny do
vyrubu (rock bursting). VySka nadlozi tuneld dosahuje
aZ 2 km. Geologicky podélny fez je prezentovéan na obr. 2.

Razba tunelu probihd v tektonicky aktivni oblasti
s vyskytem Castych zemétreseni. V roce 2005 byl KaSmir
epicentrem zemétreseni s magnitudou 7,6 Mw — tj. vice neZ
7 stupnu na Richterové stupnici — které mélo katastrofaln{
nasledky pro severni Pakistan [2].

PLNOPROFILOVE RAZICI STROJE TBM

Pro razbu dvou hlavnich privadécu v délce cca 2x11,5 km
byly vybriany dva plnoprofilové oteviené tunelovaci stroje
Herrenknecht (obr. 3). Vybér byl ovlivnén dspésnou aplika-
ci stejného typu TBM na projektu Gotthardského bazového
tunelu, kde TBM otevieného typu vyrazilo cca 85 km
z celkovych cca 152 km razeb.

Zvlastni pozornost byla vénovdna moznym vysokym radidl-
nim deformacim vyrubu pri vy$§im nadloZi a neprfiznivych geo-
logickych podminkach. Projektem predpoklddand maximaln{
radidlni deformace vyrubu ¢ini 500 mm. TBM otevieného typu
je vhodné do téchto podminek, a to zejména z ndsledujicich
davodu — kratkd délka predniho Stitu a moZnost modifikace jeho
&asti s vyslednym efektem zmenSeni pruméru $titu.

Pramér vyrubu &ini 8,5 m a plocha vyrubu je 56,7 m?.

SYSTEMY PREDIKCE KVALITY HORNINOVEHO
PROSTREDI PRED CELBOU TBM

Oba tunelovaci stroje TBM pro projekt Neelum-Jhelum
byly navrZeny tak, aby se vyporadaly s o¢ekdvanymi geolo-
gickymi podminkami. Jakmile razba pomoci TBM vstoupi
do horninového prostredi s velmi $patnou kvalitou nebo
s vysokymi pritoky podzemni vody do vyrubu, je Casto velmi
obtizné a Casové zdlouhavé na tyto podminky reagovat.
Nejleps$im feSenim byva zlepSeni kvality horninového pro-
stfedi v predstihu pred razbou. Pro takové feSeni je ovSem
nutno znat kvalitu horninového prostiedi v co nejveétSim
mozném predstihu pred Celbou vyrubu. To poskytne ¢as pro

Neelum River through 28.5km long headrace tunnels to the
underground hydropower station. The headrace tunnels app-
roximately in the middle of their alignment pass below the
Jhelum River (Fig. 1). Portion of headrace tunnels is being
excavated with usage of two TBMs. The hydroelectric project
will have the installed capacity of 969MW and a water head
of 420m.

The project is under construction since 2008. No previous
tunnelling projects of this scale have been constructed in
Pakistan, and none constructed with relevant TBM methods.

The client is the Water and Power Development Authority
of Pakistan (WAPDA). The contractor is joint venture of the
China Gezhouba Group Company (CGGC) and China
Machinery Engineering Corporation (CMEC). The supervisi-
on is carried out by the Neelum-Jhelum Consultant (NJC)
which is a joint venture of American company Montgomery
Watson Harza (MWH) International Inc., Norwegian compa-
ny Norplan, and Pakistani companies National Engineering
Services (NES), Associated Consulting Engineers (ACE) and
National Development Consultants (NDC).

GEOLOGICAL CONDITIONS

Geological conditions for excavation of tunnels were detai-
led in Detailed Design Report [1]. The geology in the TBM
section is characterized by a folded, heavily tectonized sedi-
mentary sequence belonging to the Lower Murree Formation.
This formation consists mainly of inter-bedding sandstone,
mudstone and shale units with hundreds of meters thickness.
Table 1 provides basic features of these rocks.

Expected geological conditions include possibility of pre-
sence of highly fractured rock, sections with high water
inflows and high deformations. Squeezing ground is expected
in some sections because of high in-situ stresses. In such case
significant deformation and increased load on rock support
take place in the long term. On the contrary, rock bursting is
anticipated in brittle hard rock where the overburden is very
high. The overburden of headrace tunnels reaches up to 2km.
A geological longitudinal section of the headrace tunnels is
shown in Fig. 2.

The project area is seismically active with number of earth-
quakes experienced in the recent past. An earthquake of mag-
nitude 7.6Mw, i.e. more than 7 grades of Richter magnitude,
occurred in Kashmir in 2005 [2]. The earthquake had catas-

trophic effects for entire Northern Pakistan.
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Obr. 2 Geologicky podélny rez
Fig. 2 Geological longitudinal section

FULL PROFILE TUNNEL BORING MACHINES TBM
Two full profile Herrenknecht TBMs of the open hard rock

vyhodnoceni a napldnovédni nejefektivnéjSiho postupu.
Z toho davodu jsou TBM na projektu Neelum-Jhelum vyba-

vena tfemi nezdvislymi systémy pro pruzkum horninového
prostiedi pred ¢elbou tunelu. Jmenovité se jednd o predvrty,
systém TST a systém ISIS. VSechny tfi systémy jsou pouZivany

type (Fig. 3) were chosen to excavate two headrace tunnels
sections of approximate length 2x11.5km. The type of TBM
selected was taken after evaluating the most up to date TBM
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souasné a nepretrzit€. Vzdjemné porovndni a zpétnd analyza
zvySuje presnost predpovedi kvality horninového masivu.
PREDVRTY

Na kazdém TBM jsou v jeho predni ¢dsti nainstalovdna dvé
vrtnd soustroji pro zhotoveni vrta pied &elbou tunelu — prvni

Obr. 3 Plnoprofilové TBM na projektu Neelum-Jhelum
Fig. 3 Full-face open type TBM, Neelum-Jhelum Project

designs including successful application of TBM in Gotthard
Base tunnel in Switzerland. Here very similar Open (Gripper)
type TBMs excavated some 85km of the 157km tunnel system.

A significant consideration for the TBM selection was the
possibility of encountering squeezing ground, with possible
radial deformations of up to 500mm. This would exclude
many types of TBM due to the inability of certain TBMs types
to cope with this condition without becoming trapped within
the tunnel. The Open (Gripper) TBM is best suited to deal
with this potential condition, due to the short length of the
front shield and its ability to collapse inwards various sections
of the front shield, depending upon ground conditions, and
still maintain the ability to excavate forward.

The designed tunnel excavation diameter is 8.5m giving
a total face area of 56.75m>.

TBM ADVANCE GEOLOGICAL FORECASTING EQUIPMENT

Both TBMs have been designed to have equipment and faci-
lities to deal with expected geological conditions, refer to
Section 2. However, it is often too late to successfully and
efficiently deal with difficult rock mass conditions including
high water ingress when TBM excavates into the particular
type of condition. Improvement of rock mass conditions
ahead of tunnel face is often the best solution.

Therefore it is preferable that any information on potential
adverse ground conditions is obtained as far in advance of the
TBM encountering the feature as possible. This will allow

< A 4
Obr. 4 Vrind soustroji pro zhotoveni vrtu pred éelbou TBM vné obrysu
Fig. 4 Drilling equipment for probing ahead of TBM
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Obr. 5 Rozmisténi pFistroju pii TST
Fig. 5 Disposition of equipment during TST

je umisténé napevno v horni ¢asti TBM (obr. 4), druhé je
oto¢né a umoznuje vrtani v rozsahu plnych 360°. Dvé vrtna
soustroji jsou nutnosti z divodu moZnosti mit k dispozici
zdlozni vrtné soustroji v pripadeé poruchy nebo ddrzby prvé-
ho. Zaddvaci dokumentace stanovila nutnost nepretrzitého
zjistovani kvality horninového prostredi pred ¢elbou TBM
pomoci predvrtd s minimdlnim vzdjemnym piesahem jednot-
livych vrtd 10 m a s minimélni délkou predvrtd 60 m.

V priabéhu vrtani jsou zaznamendvany zejména nasleduji-
cf tdaje — rychlost a stdlost penetrace, pritlak, barva vypla-
chu, tvar a velikost dlomku vynosu, pritok podzemni vody
do vrtu, atd. Na jejich zdkladé, a i v porovndni s ostatnimi
dvéma metodami, je mozné stanovit, zda se pred celbou
nenachazi napriklad poruchové pasmo, oblast s vy$§imi pri-
toky podzemni vody do vyrubu, apod.

SYSTEM TST

TST systém je pouZivany na projektu Neelum-Jhelum pro
predikci horninového pro-

PROBING

Each TBM has been equ-
ipped with two separate probe drilling machines, located at
the front of the TBM. One has been positioned in a fixed posi-
tion at the tunnel crown (Fig. 4), whilst, the second is located
on a rotary track which enables the probe drill to move the full
360° around the tunnel circumference. Two probe drilling
machines are required in order to have one spare in case of
breakdown or maintenance. The contract specification requi-
res continuous probing ahead of TBM with 60m minimum
probing length and a minimum 10m overlap at all times bet-
ween successive probes.

Especially the following information is recorded during
probing — rate and steadiness of penetration, pressure, colour
of rock chippings, shape and size of chippings, water inflow,
etc. Based on probing results and also in comparison
with other two systems it is possible to predict presence of
weakness zones and sections with water ingress ahead of tun-
nel face.

stredi v tunelech raZzenych za

pomoci TBM, ale také pro
razby za pomoci trhavin
vedoucich pres hlavni poru-
chové pasmo, tzv. ,,Muzaf-
farabad Fault Zone“ a pod
fekou Jhelum. TST systém
pro projekt Neelum-Jhelum
byl vyvinut Ustavem inZe-
nyrské geofyziky v Pekingu.

TST, neboli seismicka tomo-
grafie tunelu, sestdva z re-
gistrace a vyhodnocenf seis-
mickych vln generovanych
odpaly nadlozek ve sténach
tunelu a zjiStovani rychlosti
§ifeni vin v horninovém pro-
stredi. Systém zohlednuje
nestejné Casy Sifeni seismic-
kych vIn prichazejicich
z riznych sméru pres zkou-

mané prostredi. Nalozky

a prijimace jsou umisténé po
obou stranach tunelu obvy-
kle cca 20 az 30 m za celbou
(obr. 5).

5, 6 — geofony, oddélovaé signdlu

phones, signal separator

Obr. 6 Systém TST — pouZivané pristroje: 1 — seizmograf + laptop; 2 — roznétnice; 3 — datovy kabel; 4 — spousteci kabel;

Fig. 6 TST system — equipment used: 1 — seismograph + laptop; 2 — sparker, 3 — data cable; 4 — trigger cable; 5, 6 — geo-
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Usek Staniéeni Popis Rychlost Trida
Section Chainages Description [km/s] horninového
Velocity masivu
[km/s] Rock Mass
Class
1 3246 — 3263 Horninovy masiv je rozpukany, stabilita 34
3 3284 - 3293 vyrubu a pevnost horniny jsou nizké 3.3 Qda— Q3
5 3303 - 3323 Rock mass is jointed and fractured, 3.4 Obr. 8 Nérazové kladivo systému ISIS [3]
7 3331 - 3346 rock mass stability and strength are low 35 Fig. 8 Impact hammer of ISIS system [3]
2 3263 - 3284 Horninovy masiv je vysoce rozpukany, 3.0 TST SYSTEM
4 3293 - 3303 stabilita vyrubu a pevnost horniny 3.1 ) )
6 3323-3331 | jsou velmi nizké 3.1 Q4b - Q4a TST system is used to predict
Rock mass is highly jointed and fractured, geological conditions ahead of
rock mass stability and strength are very low tunnel faces not only in TBM dri-

ves but also in D&B tunnels pas-

Obr. 7 Predpovéd kvality horninového prostredi pred celbou — systém TST; nahoie: predpovéd struktury masivu
(Cervené — prechod do pevnéjsi horniny; modre — prechod do méné pevné horniny); dole: rychlost §ireni seismic-

kych vin v horninovém masivu

Fig. 7 Advance geological forecasting - TST system; above: Geological Structure Migration Image (red — rock
turns to be harder; blue — rock turns to be weaker); below: Rock Seismic Wave Velocity Distribution

Systém TST zahrnuje tzv. F-K filtrovéni za icelem zlepSeni pre-
dikce. F-K filtrovéni zajistuje, Ze do vyhodnoceni jsou zaclenény
pouze viny z poZzadovaného sméru, tj. pfed ¢elbou v budouci trase
tunelu. Jednim z vysledkt TST je rozloZeni rychlosti §ifeni seis-
mickych vin v horninovém prostiedi pred Celbou tunelu az do
vzdalenosti cca 100 m.

Pomoci TST lze predpovidat poruchova pdsma, rozhrani litolo-
gickych jednotek, apod. Pritomnost vody v horninovém prostredi
neni mozné timto systémem predpovidat. Uvedend chyba predpo-
védi je 10 % a rozliSeni 1 m.

Na obr. 6 jsou uvedeny pfistroje pouzivané pri predikci horni-
nového prostredi pomoci systému TST, tj. seismograf, geofony,
oddélovac signdlt, roznétnice atd.

Pro vyhodnocoviani dat je pouZzit software TST spolec¢nosti
Beejing Tongdu Engineering Physics Ltd. Vystup z aplikace muze
byt i ve formé zprav s predpovédi kvality horninového prostredi
pred Celbou (obr. 7).

SYSTEM ISIS

ISIS systém byl vyvinut spole¢nosti Herrenknecht AG [3]
a v doslovném prekladu znamend integrovany seismicky zobrazo-
vaci systém. Systém ISIS pracuje na principu reflexni seismiky
a spociva ve vyvolani seismickych vin pomoci ndrazu pneumatic-
kého kladiva do stén vyrubu (obr. 8). Ndraz vysle povrchové viny
podél stén vyrubu, které se na ¢elbé transformuji do prostorovych

sing through Muzaffarabad Fault
Zone and below the Jhelum
River. TST system has been deve-
loped by Beijing Tongdu En-
gineering Geophysics. TST, i.e.
Tunnel Seismic Tomography, is
based on recording and evaluating of velocities of seismic
waves generated by small charges detonated in both tunnel
walls. The system takes into account unequal time of seismic
waves’ propagation coming from different directions of sur-
veyed location. Charges and geophones are typically located
on both sides of tunnel approximately 20 to 30m behind the
face (Fig. 5).

TST system includes F-K filtering. TST filters out the tun-
nel surface wave and sidewise reflected wave to ensure only
the wave from ahead of the tunnel face will be used in migra-
ted image computations. One of the TST outputs is the rock
velocity distribution in rock mass up to 100m ahead of tunnel
face.

TST can forecast geological features such as fault structu-
res, interfaces of different type of lithology and others. TST
cannot predict presence of underground water in rock mass.
The error percentage is within 10%, the resolution is 1 meter
in scale.

Equipment used for TST test is presented in Fig. 6. This inc-
ludes seismograph, geophones, signal separator, sparker, etc.
Data are evaluated with usage of TST Data Process Software
which was developed by Beijing Tongdu Engineering Physics
Ltd. Typical report on geological forecasting produced by

TST application is shown in Fig. 7.
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Obr. 10 Princip systému ISIS [3]
Fig. 10 ISIS principle of measurement [3]

< Obr. 9 Geofony systému ISIS [3]
Fig. 9 ISIS geophones [3]

vin. V pripadé zmény hustoty horni-
nového prostredi dochdzi k jejich ¢ds-
te¢nému odrazu a zachyceni pomoci
geofonu (obr. 9). Vyhodnocenim
vysledka je moZné urdit ,,prekdzky*
pred razbou, poruchova pasma, kaver-
ny, apod. Princip systému je vyobra-
zen na obr. 10. Predpovéd anomalif
v horninovém prostiedi je mozna az
do vzddlenosti 150 m a to s presnosti
5az 10 m.

ZAVER

Sestaveni dvou TBM na projektu Neelum-Jhelum bylo prove-
deno v druhé poloviné lonského roku. VSechny tfi zminované
systémy predikce kvality horninového prostredi pred ¢elbou TBM
— predvrty, systém TST a systém ISIS — byly nainstalovany na oba
tunelovaci stroje a jsou v provozu. Nepretrzité sledovani, vyhod-
nocovani a zpétnd analyza vysledka ze viech tii méfeni prispivaji
ke zkvalitnéni predpoveédi kvality horninového prostredi
a k presnéj§imu porozuméni chovéni jednotlivych systéma
v danych geologickych podminkdch. Vzhledem k relativné kratké
vyrazené vzdalenosti pomoci TBM neni zatim mozné vérohodne
porovnat spolehlivost jednotlivych systému. Nicméné Ize konsta-
tovat, Ze predvrty jsou nenahraditelné z hlediska predikce pritom-
nosti podzemni vody v horninovém masivu pred TBM.

GARY PEACH, tbm-c2@njajk.com, NORPLAN,
ARISTOTELIS CARAVANAS, arista@post.cz,
MWH Americas

Recenzovali: Ing. Martin Srb, Ing. Jaromir Zlamal

LITERATURA / REFERENCES

ISIS SYSTEM

ISIS system has been developed by the Herrenknecht AG [3]
and it means Integrated Seismic Imaging System. The system
works on the principle of reflexive seismic with a pneumatically
initiated hammer blow on the tunnel wall (Fig. 8). The impact
sends surface waves along the tunnel wall. The waves later
transform to a space waves at tunnel face. Where rock mass den-
sity changes waves are partially reflected and recorded by geop-
hones (Fig. 9). The result is advance detection of “obstacles”
ahead of the face including weakness zones, cavities, etc. The
principle of the ISIS system is shown in Fig. 10. The early detec-
tion of anomalies is possible with accuracy of 5 to 10m and up
to maximum distance of 150m.

CONCLUSION

The immense task of installation of the two Open (Gripper)
TBMs was completed in the second half of the last year. All of
the three advance geological forecasting equipment — probing,
TST and ISIS systems - have been installed on the two TBMs.
The continuous monitoring, evaluating and back analysing of
data obtained from the various systems are constantly improving
accuracy of advanced rock mass investigation. The ability to
cross reference the systems allows determining the effectiveness
of each system for particular rock mass conditions. It has not
been possible to establish reliability of the systems yet because
of relatively short distance excavated by TBMs. However, it is
a fact that probing ahead of TBM is unreplaceable in terms of
prediction of groundwater in rock mass.

GARY PEACH, tbm-c2@njajk.com, NORPLAN,
ARISTOTELIS CARAVANAS, arista@post.cz,
MWH Americas

[1] NORCONSULT, Engineering Geology of Headrace Tunnel, Detailed Design Report, October 1997
[2] ZARE, M., KARIMI-PARIDARI BALAKOT, S. Muzaffarabad Earthquake of 8 October 2005, Mw 7,6, Field
Observations on Geological Aspects, The 14th World Conference on Earthquake Engineering, 2008

[3] http://www.herrenknecht.com
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Tuel

FOTOREPORTAZ Z VYSTAVBY A PRERAZKY TUNELA SIBENIK
NA STAVBE DIALNICE D1 JANOVCE - JABLONOV

PICTURE REPORT FROM THE CONSTRUCTION AND BREAKTHROUGH
OF SIBENIK TUNNEL ON JANOVCE - JABLONOV SECTION
OF THE D1 MOTORWAY CONSTRUCTION

Obr. 1 Prvy zdber na zdpadnom portdli — juznd tunelovd riira — zaciatok raze-
nia tunela Sibenik 29.6.2013

Fig. 1 Initial advance round at the western portal — the southern tunnel tube
— the commencement of driving the Sibenik tunnel on 29/06/2013

Obr. 2 Pripravné prdce na vychodnom portdli 2. 8. 2013
Fig. 2 Preparation work on the eastern portal on 02/08/2013

Obr. 3 Zaciatok razenia priecneho prepojenia 19. 12. 2013
Fig. 3 Commencement of the excavation of the cross passage on 19/12/2013

Obr. 5 Priprava debnenia na zdpadnom portdli 20. 03. 2014
Fig. 5 Preparation of formwork at the western portal on 20/03/2014

Autor vSech fotografii Ing. Milan Majercik | Ing. Milan Majercik, the author of all photographs

Obr. 4 Ukoncenie razenia zo strany vychodného portdlu 20. 12. 2013
Fig. 4 The end of driving the tunnel from the eastern portal on 20/12/201

wh vtf."' J e .:?:'-- A — ‘ -

Obr. 6 Izolovanie prvého zdberu v severnej tunelovej riire 8. 4. 2014
Fig. 6 Installation of waterproofing in the first advance round in the nort-

hern tunnel tube on 08/04/2014
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VIS, a.s. zajist’uje

e investorske sluzby a inzenyrskou ¢innost
zejména pro dopravni stavby, komunikace,
mosty, tunely (v¢. technologického vybaveni)

e konzulta¢ni ¢innost v investi¢ni vystavbé

e meéfeni a sledovani pii razbé a vystavbé tunelt
zabezpeceni vstupnich podkladi, projektové
ptipravy a dodavek pro stavby

VIS, a.s.
Bezova 1658/1
147 01 Praha 4

tel.: 244 466 111
fax: 244 462 512

e-mail: vis@yvis.cz

http://www.vis.cz

Ovérte Vasi konstrukci programem ATENA
Pripojte se ke spickovym inzenyram, ktefi pouzivaji pocitacovou simulaci
pro kontrolu a navrhovani bezpecnych a spolehlivych staveb

Nabizime: Pouziti pro:
« jedinecny software pro nelinearni analyzu a hodnoceni - tunely, podzemni stavby, mosty, budovy, energetické
bezpecnosti a vodohospodaiské stavby
- programy ATENA Engineering, ATENA Science, SARA - prosty a vyztuzeny beton, dratkobeton, vlaknobeton
« uzivatelskou podporu a tdrzbu - stanoveni Sitky trhlin, deformaci, optimalizaci vyztuze
- poradenstvi v oblasti nelinedrnich vypocta a spolehlivosti » ovéreni Unosnosti, odolnosti, spolehlivosti,
konstrukci zesilovani konstrukci (napfiklad tunelové klenby)

C CERVENKA Na Hirebenkach 55« 150 00 Praha 5 - tel: +420 220610018
= Mk‘l’i‘j e-mail: cervenka@cervenka.cz - web: www.cervenka.cz
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U Tesly 1825,
' 735 41 Petivald

Ceska republika

Vyroba a dodavky:

Injektazni zavrtné tyCe rady AR (IBO tyce)
Injektazni svorniky PAKRAN - 5A

Tésnici pakry - tésnéni injektaznich vrtd
SN - kotvy vSech rozmérd

Injektazni jehly zahanéné a samozavrtné

Zarizeni pro instalaci a testovani:

Tel: 596 539 144
Fax: 596 541 798

AN KRA spol. s r.o.

Prihradové nosniky fady GT pro primarni osténi

o Plnici soupravy pro vSechny typy expanznich svornik(

. Cerpadla a multiplikatory pro expanzni systémy

o Tahoméry véetné adaptérd pro testovani Siroké Skaly kotevnich prvki
Servis:

o Testovani

o Pronajem zarizeni pro instalaci a testovani

o Poskytovani vyvojovych sluzeb

Nabizime
prvky primarniho osteni

E-mail: ankra@ankra.cz
www.ankra.cz

——www:eltodo.ez

Servis a udrzba technologii Silniéniho okruhu
kolem Prahy

Service and Maintenance Technology Prague
City Ring Road

O Ridici systém tunel J Tunnel control system

[J Systém liniového fizeni dopravy [J Highway line traffic control system
(0 Kamerové systémy 0 CCTV systems

O Ridici centrum Rudna O Control Centre in Rudna
(J-Dopravni znaéeni O Road signalling

[J Vzduchotechnika O Ventilation in the tunnels

(J Osvétleni O Lighting

[J Bezpecnostni systémy [0 Safety systems

L] Napajeni O Power supply
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Hilti. Outperform. Outlast.

DX 460 F8 vsazovaci pristroj

H¥reb X-C 32/37 s podlozkou

Tunelova PVC podlozka X-TW

Referenéni projekty:

+ Tunel Blanka (CR)

+ Prazské metro (CR)

+ Tunel Nové spojeni Praha (CR)

Upevnéni nepropustné membrany v tunelech

Hlavni vyzvou je béhem pfipeviiovani nepropustné membrany rychlost
a presnost. Membrana nesmi byt za zadnych okolnosti posSkozena,
jinak hrozi prasaky vody. Proto jsou ¢asto pokladany az ve tfech vrst-
vach, pfitemz kazda z nich dosahuje tloustky 1-3 mm. Duraz je kladen
na kvalitu hfebl a izola¢nich pFichytek, které pfipevni jak membranu,
tak geotextilii, ktera ji oddéluje od vrstvy betonu.

V oblasti pfimé montaze tézi spole¢nost Hilti z dlouholetych zkuSe-
nosti. Pro upevnéni nepropustnych membran je vhodné pouziti
X-C 32/37 hiebu spole¢né s PVC tunelovymi podlozkami X-TW. Ty se
vyznacuji vybornou odolnosti a to i pfi teplotach okolo -10° C. Zasadni
prednosti této aplikace je rychlost.

- Geotechnicky monitoring

- Ochrana Zivotniho prostredi

AZ Consult, spol. sr.o.
Kligska 12, Usti nad Labem 400 01

- Geotechnika a inZzenyrska geologie
- Hydrogeologie a vodni hospodarstvi
- Projektovani geotechnickych staveb

- Projektovani vodohospodarskych a dopravnich staveb
- Hornicka ¢innost a ¢innost provadéna hornickym zplsobem

www.azconsult.cz
tel: 475240888 email: azconsult@azconsult.cz



Zazit pokrok.

Liebherr-Stavebni stroje CZ s. r. 0.

Vintrovna 17, 664 41 Poplvky u Brna

Tel.: +420 547 425 330

E-mail: info.Isc@liebherr.com
www.facebook.com/LiebherrConstruction
www.liebherr.cz

R 924 Compact Tunel:
nejkompakinéjsi tunelové rypadlo.

® Polomér otaceni zadé jen 1,70 m

® Vykyvné rameno s 2 x 45° naklapécimi lozisky

m Optimalizovany hydraulicky systém pro praci s frézou

m Filtr pevnych ¢astic vyfukovych splodin certifikovan dle standardu VERT

o . . e el =Ll &L e

Firemni skupina
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

VYSTAVBA TUNELU NA RAKOUSKE $10
POKRACUJE

Nasi jizni sousedé usilovné pokracuji ve stavbé rych-
lostni komunikace S10, ktera sméfuje od Lince kolem
Neumarktu a Freistadtu na statni hranici s Ceskou repub-
likou.

S10 navazuje na A7 u obce Unterweitersdorf a v sou-
Casnosti rozestavény tusek je 22 km dlouhy a konéi
obchvatem Freistadtu. Z duvodu ochrany mistnich obyva-
tel a zZivotniho prostfedi m4d trasa velky podil hloubenych
a razenych tuneli — celkem 10 km. Z nich nejdelsi je
4.4 km dlouhy tunel Goétschka. Jeho vychodni trouba je
stoupajici a s ohledem na gradient bude tfipruhova.
Prorazena byla 4. listopadu 2013. PrordZka zdpadni dvou-
pruhové trouby, kterd klesd jiZnim smérem, probehla
o dva mésice drive.

Vedle jiz diive postaveného a obousmérné provozova-
ného tunelu pod Neumarktem byl v poloviné kvétna 2013
prorazen druhy 1,3 dlouhy tunel. Na obou koncich na jeho
razené portdly navdZou hloubené useky, takZe celkova
délka tunelu bude 1,8 km. Definitivni osténi tunelu ma
byt hotovo koncem roku 2014. Po jeho uvedeni do provo-
zu, koncem roku 2015 bude stavajici tunelova trouba re-
konstruovana a prodlouzena o hloubené tuseky.

NOVY BAZOVY TUNEL SEMMERING

Na stavbé probihaly jiz dva roky rizné pfipravné préce,
neZ se v lednu 2014 pristoupilo k pracim na prvnim tune-
lovém projektu. Po zfizeni pristupovych komunikaci
a zarizeni staveni$té bude zahdjeno hloubeni dvou 400 m
hlubokych Sachet o pruméru 10 m. Na jejich dné se vyru-
bou kaverny, ze kterych se na dvé strany rozrazi Zeleznic-
ni tunely. Smérem na Gloggnitz budou s ohledem na geo-
technické podminky nasazeny na dseku 8,6 km dva tune-
lovaci stroje. V opaéném sméru na Miirzzuschlag bude
4.3 km tunelu raZeno podle zdsad NRTM.

FEHMARNBELT TUNEL

V Kodani se 21. ledna 2014 za d&asti 400 zastupca 200
evropskych dodavatelskych spole¢nosti konala akce,
jejimz ucelem bylo poskytnout informace o dvou budou-
cich soutéZich v rdmci stavby podmorského tunelu mezi
Némeckem a Danskem. Akce se zidcastnili nejen hlavni
uchazeci, ale i pripadni poddodavatelé. Vedle zédstupcu
spoleénosti z Némecka, Danska, Anglie, Francie, Italie,
Spanélska, Nizozemska, Belgie, Rakouska, Svédska
a Portugalska i zde byli zastupci firem z Ceské republiky.

Tunel bude priblizné 18 km dlouhy a bude tvoren
dvéma zelezni¢nimi, dvéma dvoupruhovymi automobilo-
vymi troubami a servisnimi i Unikovymi koridory. Jeho
stavba by méla byt zahdjena v 1ét€ 2015 za predpokladu,
Ze souhlas se stavbou do té doby vyjadri dansky parla-
ment a prislu§né némecké drady, coz se ofekava.

ZAHAJENI ZKUSEBNIHO PROVOZU
V GOTTHARDSKEM BAZOVEM TUNELU

Na priblizné 13 km dlouhém tseku gotthardského bazo-
vého tunelu mezi jiZznim portdlem u Bodio a multifunkéni
podzemni stanici Faido byl v listopadu 2013 zah4jen zku-
Sebni provoz. Je to prvni zcela dokonéeny a kompletné
vybaveny usek bazového tunelu. ZkuSebni vlaky jej tes-
tuji maximdlni rychlosti 220 km/hod. ZkuSebni provoz
potrva do Cervna 2014 a ma prinést informace o plné spo-
lehlivosti v8ech systému vybaveni tunelu.

Kompletni vybaveni celého tunelu se predpoklada
v fijnu 2014 a zkuSebni provoz celého tunelu bude zaha-
jen v roce 2015.

Vysledky zkuSebniho provozu budou duleZitym pred-
pokladem pro dodrzeni planovaného slavnostniho zahdje-
ni provozu celého dila 4. ¢ervna 2016.

LIPSKY ZELEZNICNI MESTSKY TUNEL UVEDEN
DO PROVOzZU

Zelezni¢ni tunel pod centrem Lipska dlouhy 3,9 km byl
slavnostné zprovoznén 14. listopadu 2013. Je veden seve-
ro-jiznim smérem a zahrnuje podzemni stanice Hlavni
nadrazi, Trzist€, Nameésti W. Leuschera a Bavorské nad-
razi. Stavba byla zahdjena v roce 2003 a musela se vypo-
radat s mimoradné nepriznivymi geotechnickymi pod-
minkami, které si vyzddaly i masivni uZiti technologie
zmrazovani hornin, jak se mohli osobné presvédcit ¢leno-
vé CzTA pri exkurzi na tuto stavbu v roce 2008.

RUZNE

Prvni Cislo roku 2014 rakouského casopisu Geome-
chanics and Tunnelling je vénovéno tunelovacim strojum.
V editorialu konstatuje Dr. Ulrich Maidl, Ze diky riznym
zlepSenim rapidné roste podil vyuZivani zemnich Stitu
(EPBS) oproti bentonitovym Stitum (slurry shields).
Vyvoj sméfuje ke stavbé hybridnich §tita, které dokdzou
vyuzit prednosti zemnich i bentonitovych §titu.

Francouzsky Casopis Tunnels et Space Souterrain v ¢is-
le leden/inor 2014 uverejnil komplexni materidl
o kotveni hornin, ktery zpracovala pracovni skupina 6
Francouzské tunelarské asociace.

Prvni dsek okruzni linky metra v Kodani raZeny Stitem
byl proraZen 2. prosince 2013. Ma délku 600 m, coz je
zatim jen zlomek z celkové délky okruzni linky 15,5 km.

Mluvéi Norské ddlniéni spole¢nosti informoval o za-
hdjeni dvah o realizovatelnosti 60 km dlouhého podmor-
ského automobilového tunelu. Mél by spojit mésta
Kirkenes a Vandso leZici u fjordu Varanger a zkrétit dobu
jizdy z dvou a pul hodiny na Ctyficet minut.

ING. MILOSLAV NOVOTNY,

novotny@ita-aites.cz
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PRORAZKA DALNICNIHO TUNELU BANCAREVO V SRBSKU
BANCAREVO MOTORWAY TUNNEL BREAKTHROUGH, SERBIA

The parallel double-lane tunnel tubes are about 700m
long. They are parts of the E 80 motorway between NiS and
Dimitrovgrad in the section No. 3 of the Prosek — Crvena
Reka. The tunnels are driven through demanding geological
conditions, using trackless equipment, the New Austrian
Tunnelling Method.

Despite the very complicated geological conditions,
which required numerous additional measures during the
construction necessary for safe tunnelling, the breakthrough
of the right-hand top heading of the right-hand tunnel tube
took place on 19/03/2014, in the presence of the Minister of
Construction and Urbanism and the director of Koridori
Srbija. About 440m of the tunnel excavation has been finis-
hed in the left-hand tube and about 135m remain to the bre-
akthrough. The preparation work on the casting of concrete
in the cut-and-cover sections of the tunnel tubes was started
concurrently with the tunnel excavation at the exit portal.

The completion of the tunnel construction is planned for
the first half of 2015.

v .

Akciovd spolecnost Subterra je vyS§im dodavatelem na
vystavbé ddlni¢nich tunelt Bancarevo v Srbsku pro investo-
ra Koridori Srbije.

Obr. 2 Prordzka tunelu Bancarevo
Fig. 2 Breakthrought of the tunnel Bancarevo

PUBLIKACE JABLUNKOVSKE TUNELY

JABLUNKOVSKE
TUNELY

Obr. 1 Prordzka v kaloté pravého tunelu Bancarevo
Fig. 1 Breakthrought of the right Bancarevo tunnel tube

Jedné se o dva paralelni dvoupruhové tunely v délce cca
700 m, které jsou soucdsti ddlnice E 80 Ni§ — Dimitrovgrad
v useku 3 trasy Prosek — Crvena Reka. Razba tunelu, kterd
probihd v naro¢nych geologickych podminkach, je provade-
na s pouZzitim bezkolejové mechanizace Novou rakouskou
tunelovaci metodou s vyuzitim trhacich praci.

I pres velmi slozité geologické podminky, které si béhem
vystavby vyzddaly mnohd dopliujici opatfeni pro bezpeéné
provadéni razby, byla dne 19. 3. 2014 provedena prorazka
v kaloté pravého tunelu za ucasti ministra stavebnictvi
Srbska a feditele investora Koridori Srbija. V levém tunelu je
nyni vyrazeno cca 440 m a do prordzky zbyva cca 135 m.
V soubéhu s razbou byly v soucasné dobé zahdjeny
i pripravné prdce na betondZi hloubenych tsekd tunelt na
vyjezdovém portdlu.

Dokonceni vystavby tunell je pldnovdno v prvni poloviné
pristiho roku.

ING. JAN VINTERA, JVintera@subterra.cz,
SUBTERRA a. s.

Mnozi z ¢eské tunelarské odborné verejnosti s prekvapenim zjistili, Ze v roce 2013 byla
vyddna vypravnd publikace o Jablunkovskych tunelech. Autorem publikace, kterd vysla
v nakladatelstvi Beskydy, je pan Vojtéch Hermann. Na 219 strandch autor v prvnich kapi-
toldch informuje o geologickych podminkdch Tésinskych Beskyd, zminuje historicky
a politicky vyznam TéSinska a Slezska i vyvoj Zelezni¢ni dopravy v Rakousku-Uhersku.

Pak se fundované zabyva planovanim stavby koSicko-bohuminské drahy, kterd musela
prekonat Jablunkovsky prusmyk. Podrobné pokratuje vlastni stavbou Jablunkovskych
tuneld I a II, jejich provozem a pohnutym osudem v obdobi 2. svétové valky i vyuZzitim
tunelti po roce 1945. Publikace samoziejmé zahrnuje i pfipravu a stavbu dvojkolejného
tunelu, ktery byl uveden do plného provozu 2. ¢ervence 2013.

Publikace je opravdu zdarild i proto, Ze obsahuje mnoho barevnych grafickych priloh,
dokumentu, vykresu a fotografif mapujicich celou historii Jablunkovskych tunela.

ING. MILOSLAV NOVOTNY , novotny@ita-aites.cz




Priblizné stostranko-
vd poutavd publikace

PLZENSKA PODZEMI
autorti Stépanky Pfle-

v ’
Plzenska
d /4 gerové, Pavla Stelzera,
p 0 Zeml Anny Petinové a Fran-

tiSka HykeSe vySla v
roce 2013 v plzenském
nakladatelstvi NAVA.
Tato publikace s bo-
hatym fotografickym
doprovodem predsta-
vuje &tendfim nejen
plzenské historické pod-
zemi, ale i obdivuhod-
né podzemi sklepu PIl-
zenského Prazdroje a ta-
ké utajované podzemi
plzenské zoologické

a botanické zahrady.

Plzenské historické podzemi, jehoZ ast je v soucasnosti
zpristupnénd v prohlidkovém okruhu, vznikalo v histo-
rickém jadru meésta postupné od jeho zaloZeni aZz do 19.
stol. Jednd se predev§im o nékolikapatrové sklepy, vyra-
Zené v hrubozrnnych arkézovych piskovcich. Sklepy byly
budovdny nesystematicky pro ruzné Gcely majitelu domu
— nejcastéji ke skladovani potravin, ale samoziejmé ve
sklepich priléhajicich k pravovdre¢nym domum prede-
v§im kvasilo, zrdlo a skladovalo se pivo. Déle jsou sou-
¢asti tohoto historického podzemi odvodnovaci Stoly,
ruzné vodarenské systémy a také kanalizaéni Stola (dédic-
nd Stola). Pri sanaci historického podzemi, probihajici od
roku 1967 do osmdesdtych let 20. stol., byly podzemni
prostory razbou pospojovany do 17,5 km dlouhych chodeb
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a staticky zajiStény novou obezdivkou. Dnes tento pro-
hlidkovy okruh provozuje Pivovarnické muzeum.

Velmi zajimavé je dal$i nahlédnuti do plzenského pod-
zemi, a to do podzemi Plzenského Prazdroje. Nejprve
pohled do rozséhlych pivovarskych sklepu MéStanského
pivovaru zal. 1842. Prubéznd vystavba lezdackych sklepu
v arkézovych piskovcich pod Méstanskym pivovarem
zaCala v roce 1839 a s prestavkami trvala az do zaléatku
20. stoleti. Spolu se siti leZdckych sklepu byly budovény
pro chlazeni piva prirodnim ledem i rozsdhlé podzemni
lednice. V podzemi Méstanského pivovaru je dnes zpri-
stupnéna podzemni expozice klasické vyrobni metody
plzenského piva Pilsner Urquell. Dal§i malé nahlédnuti
je do podzemi Prvniho plzenského akciového pivovaru
v Plzni (pivovaru Gambrinus) zalozeného 1870. Zde se
téz Ctendf dozvidd o dctyhodnych lezackych sklepich,
v tomto pripadé razenych v hloubce 6,5 az 10,5 m pod
terénem.

Poslednim zastavenim pri putovani plzeniskym podze-
mim je podzemi plzenské zoologické a botanické zahrady.
Jednd se o stary rozsahly protiletecky kryt z roku 1941.
Chodby krytu jsou dlouhé 98 m a maji 16 komor. Dnes po
rozsdhlé adaptaci vojenského krytu (provedené v letech
2007-2012) je zde vybudoviana unikatni zoologicko-nauc-
nd expozice Svét v podzemi.

Kniha Plzenska podzemi Ctendre nejen upoutd, ale
i inspiruje k ndsledné navstévé vyse zminénych rozmani-
tych podzemi v zdpadocCeské metropoli Plzni.

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS a. s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 1/2014
TUNNEL AFTERNOON 1/2014

The first Tunnel Afternoon held this year had the topic
Possibilities and successfulness of numerical modelling of
underground structures. The first lecture was delivered by
doc. Dr. Ing. Jan Pruska (the Faculty of Civil Engineering of
the Technical University in Prague). It was focused on prin-
ciples and possibilities of mathematical modelling.
Doc. RNDr. Eva Hrubesova, Ph.D. (VgB - Technical
University of Ostrava, Faculty of Civil Engineering) carried
out the comparison of the results of numerical modelling
with classical theories. Ing. Radomir Pukl (Cervenka
Consulting s. r. 0.) introduced current trends in the field of
modelling. After a break, Ing. Alexandr Butovi¢, Ph.D.
(SATRA, spol. s r. 0.) presented a lecture on the comparison
of results of mathematical modelling with reality. A lecture
on mathematical modelling and actual behaviour of tunnels
constructed according to designs carried out by IKP
Consulting Engineers, s. r. 0., followed. It was presented by
two representatives of the company - Ing. Jifi Horej$i and
Ing. Libor Marik. The last but one lecture was delivered by
Ing. Jifi Pechman (Amberg Engineering Brno, a. s.). He pre-

sented the reality in comparison with mathematical model-
ling using experience from designs carried out by Amberg
Engineering Brno a. s. The afternoon lectures were conclu-
ded by Ing. Martina Urbdnkovd (Metroprojekt Praha a. s.),
who presented the difference between results of analyses and
the reality when the mathematical modelling of tunnels on
the metro Line A extension was used.

Prvni Tuneldrské odpoledne konané v letoSnim roce mélo
za téma MozZnosti a tispéSnost numerického modelovdni pod-
zemnich staveb a jiz v ndzvu bylo obsaZeno, Ze neni uréeno
jen pro odborniky zabyvajici se numerickym modelovdnim,
ale i pro laiky, aby se s na prvni pohled pomérné odtazitou
problematikou seznamili a zjistili, Ze i tato oblast muze byt
pro né srozumitelnd. Tunelarské odpoledne zahdjil a jeho
prubéh fidil prof. Ing. Jifi Bartdk, DrSc.

Jako prvni vystoupil doc. Dr. Ing. Jan Prugka, (FSv CVUT
v Praze). Hovoril o principech a moZnostech matematického
modelovdni, vénoval se metodé konednych prvku, jejim
vyhoddm a nevyhoddm, pro¢ by ji méli projektanti pouzivat,
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na fem muZe zdviset dspé¥nost pouziti této metody
a zhodnotil jeji zdkladni vyhody a nevyhody.

Porovnéni vysledka numerického modelovani s klasickymi
teoriemi, chyby pfi modelovani provedla doc. RNDr. Eva
Hrube$ovd, Ph.D. (VSB-TUO, FAST). Stéejni Cist jeji
predndsky tvoril prehled metod pro stanoveni zatiZzeni vyztu-
Ze tunelu, porovndni vysledku s praxi a predstaveni ruznych
druhu chybovych aspekti numerickych modelu.

Ing. Radomir Pukl (Cervenka Consulting s.r.0.) predstavil
aktudlni trendy v oblasti modelovéni, zajimavé bylo uvedeni
mnoZstvi piikladu z pouziti modelovdni podzemnich betono-
vych konstrukei v praxi.

Po prestivce pohovoril Ing. Alexandr Butovi¢, Ph.D.
(SATRA, spol. s r.0.) o tématu porovnéani vysledki matema-
tického modelovani se skute¢nosti. Z uvedené zpetné analy-
zy bylo jasné patrné, Ze numerické modelovéni je G¢innym
ndstrojem pfi navrhovani podzemnich konstrukci, ale nikdy
se nesmi zapominat na to, Ze i ono ma své limity.

Nasledovala prednaska s ndzvem matematické modelovan{
a skutedné chovdni tunelu realizovanych podle projektu IKP
Consulting Engineers, s.r.o. Vystoupili dva zastupci spolec-
nosti — Ing. Jifi Horejsi a Ing. Libor Marik. Oba zhodnotili
uspésnost pouziti numerickych metod na pfikladu navrhova-
ni a vystavby Olbramovického tunelu, uvedli faktory ovliv-
nujici chovani modelu MKP.

V predposledni predndSce popsal Ing. Jifi Pechman
(Amberg Engineering Brno, a. s.) realitu ve srovndni
s matematickym modelovanim na prikladu zkuSenosti
z projekta spolec¢nosti Amberg Engineering Brno, a. s.

Prednaskové odpoledne zakoncila Ing. Martina Urbén-
kovéd (Metroprojekt Praha a.s.). Vysvétlovala posluchadtum,
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Obr. 1 Predndska Ing. Martiny Urbdnkové
Fig. 1 The lecture of Mrs. Martina Urbdnkovd

z C&eho pramenily rozdily mezi vysledky vypoctu
a skute¢nosti pfi pouZiti matematického modelovan{ tunela
prodlouZeni trasy metra A.

I v leto$nim roce je zdjem posluchatu vysoky, tohoto
Tuneldfského odpoledne se jich zicastnilo vice nez 80.
Za hladky prubéh celého semindfe i zajimavé prispévky lze
podékovat nejen jednotlivym udlastnikum, ale i Ing. Ale-
xandru Butovicovi, Ph.D., ktery celé odpoledne pripravil.

Prezentace prednesené na TO 1/14 lze vyhledat na
www.ita-aites.cz

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA ITA-AITES

19. ROCNIK MEZINARODNIHO SEMINARE ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO

MASIVU A STAVEBNICH KONSTRUKCI 2014

19™ ANNUAL INTERNATIONAL SEMINAR ON REINFORCING, SEALING AND ANCHORING
OF GROUND MASS AND CIVIL ENGINEERING STRUCTURES 2014

The 19th annual traditional technical seminar Re-
inforcing, sealing and anchoring of ground mass and civil
engineering structures was held on 27th — 28th February
2014 on the grounds of the VSB - Technical University of
Ostrava. The seminar was organised jointly by the
Department of Geotechnics and Underground Engineering
of the VSB - Technical University of Ostrava and Minova
Bohemia s. r. 0., under the auspices of Ing. Ivo Pégrimek,
Ph.D., the chairman of the Czech Mining Authority, the
Czech Tunnelling Association and Prof. Ing. Radim Cajka,
the dean of the Faculty of Civil Engineering. The program-
me prepared for over 100 attendees from 50 professional
firms, institutes and universities, both from the Czech
Republic and from abroad, was very interesting. It consis-
ted of over 35 lectures both from the field of geotechnics
and underground engineering and from the field of mining
problems.

Ve dnech 27.-28. tinora 2014 se konal v prostoriach VSB-
Technické univerzity Ostrava jiz 19. roc¢nik tradi¢niho
odborného semindre Zpevrnovdni, tesnéni a kotveni horni-
nového masivu a stavebnich konstrukci. Na organizaci
semindfe se podilela Katedra geotechniky a podzemniho
stavitelstvi Fakulty stavebni VSB-TU Ostrava spole¢né

s firmou Minova Bohemia s. r. 0., zaStitu nad semindrem pri-
jali predseda Ceského bariského tradu Ing. Ivo Pégiimek,
Ph.D., Cesk4 tuneldfskd asociace a dékan Fakulty stavebni
prof. Ing. Radim Cajka, CSc. Pro vice nez 100 t&astniki
semindfe z 50 odbornych firem, vyzkumnych instituc{
a vysokych $kol z Ceské republiky i ze zahrani&i byl piipra-
ven zajimavy odborny program, ktery zahrnoval celkem 35
prednések jak z oblasti geotechniky a podzemniho stavitel-
stvi, tak i z oblasti hornické problematiky.

V tvodu seminafe vystoupil Ing. Dvoracek z CBU Praha
s pfispévkem vénovanym nedostatkum zjistovanym pii pro-
vddéni podzemnich staveb. Ing. Claudiu Stefan z firmy
Minova Romania predstavil ve svém prispevku aplikaci
injektdzi a kotevnich prvku pfi rekonstrukci Zelezni¢niho
koridoru v centrdlni ¢dsti Rumunska. Zdastupce firmy
Minova Bohemia s. r. 0. Ing. Chodacki prezentoval ve svych
prispévcich provedeni vestavby nového betonového osténi
s mezilehlou hydroizolaci do tunelu Velky Prsticky a déle
stavebni prace spojené s findlni upravou vjezdového portalu
tunelu Turecky vrch, Ing. Kocndr z téze firmy sezndmil
s vyuZzitim dvouslozkové polyuretanové zivice CARBOPUR
WF pfi sanaci opér Zelezni¢niho viaduktu Cerveny most
v lokalité Stirovo. Ing. Wetterova (Amberg Engineering Brno,
a. s.) informovala ve svém prispévku o oprave vjezdového




portdlu Hornotanvaldského tunelu, kde byla, mimo jiné, vyu-
zita deStnikova izolace z polyetylénovych desek o nizké hus-
toté (LPDE). O vysledcich desetiletého monitoringu predpja-
tych lanovych kotev v okoli Trebovického tunelu prednasel
Ing. Lacina z téZe firmy.

Dals{ ¢ést prispévkua byla vénovéna sanacim a stabilizacim
skalnich stén — do této kategorie patii prispévek Ing. Cabana
(Minova Bohemia s. 1. 0.), ktery se vénoval vyuziti vlastnos-
ti dvouslozkové Zivice Geoflex pri realizaci skalnich svorni-
ku. Pfispévek autoru z firmy Unigeo a. s. se zabyval razny-
mi variantami sanace skalnich stén v lokalit¢ Landek,
Ing. Safrdnek (Sprava Narodniho parku Ceské Svycarsko)
pak zaujal zajimavym prispévkem z oblasti stabilizace skal-
nich Gtvart v oblasti Hfenska.

V geotechnické sekci jisté icastniky seminare zaujal i pri-
spévek autort z firmy ZIKO Sanace s. r. 0. tykajici se apli-
kace zavrtdvacich kotevnich ty¢i MAI SDA pro zaloZeni
dojezdu vytahové Sachty v rekonstruovaném objektu
v Parizi. Technologii podchyceni zdkladovych konstrukci
pomoci injektovanych zavrtavanych mikropilot se zabyval
prispévek kolektivu autort z firmy Quantum Consulting
s. r. 0. Ing. Pasterndk (INGSTAV GV s. r. 0.) prezentoval
vyuziti mikropilot a vrtné soupravy MORATH pfi sanac-
nich pracich ve stisnénych podminkdch. Sprazenim §tétov-
nicovych stén pomoci zavrtavanych ty¢i se zabyval prispe-
vek autort z firmy MATTEO s. 1. 0.

Velmi ilustrativni byl prispévek Ing. Franczyka, Ph.D.
zaméreny na problematiku mikrotunelovani v proménlivych
geologickych podminkach.

Svymi predndskami prispeli do programu seminére v sekci
geotechnické rovnéz i zdstupci vysokych Skol. Prof. Bzéwka
ze Silesian University of Technology (Gliwice) pripravila
s kolektivem spolupracovniku pfispévek na téma zatéZova-
cich zkousek sloupu tryskové injektaze, prof. Hulla z STU
Bratislava prednesl prispévek tykajici se u¢innosti tésnéni
polyuretanovymi pryskyficemi, doc. Vojtasik z Fakulty sta-
vebni VSB-TU Ostrava jisté mnohé tcastniky zaujal prezen-
taci navrhu nové metody vyztuZovani zemin pomoci sitovych
soustav ze zeminovych hrebiku.
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Velky zdjem byl rovnéz o piispévky z oblasti hornictvi,
které dokumentuji, i pres utlum evropského hornictvi (nebo
moznd prave proto), potrebu fesit aktudlni problémy spojené
s dobyvanim uhli ve stale komplikovanéjsich podminkach
a snahu vyuzivat ekonomicky prijatelnéjsi a konkuren-
ceschopnéjsi technologie. S velkym zdjmem se setkal prispe-
vek Dr. Raka a Dr. Stasica z AGH Krakow, ktery se zbyval
projektovanim dulnich chodeb pro dvoji vyuZiti pfi kombina-
ci nizkého a vysokého kotventi, kdy je podpérna vyztuz zakot-
vena do pevnych vrstev ve vyS§im nadloZi nad vyztuZovanym
dilem pomoci dlouhych kotev. Aktudlni hornickd problemati-
ka rovné€Z zaznéla v piispévcich dal$ich tuzemskych autort
z firem Minova Bohemia s. r. 0., OKD a. s. i Ustavu geoni-
ky AV CR, ktefi se vénovali problémiim spojenym s aplikaci
té&chto technologii v podminkdch Dolu CSM, Dolu Paskov
v OKR i v podminkéch daleké Indie. Inspirativni byl rovnéz
prispévek Ing. Poluse z polské firmy Novum Servis, ktery
predstavil sit’ z bazaltového vldkna POLLUX2 a vyjadril
presveédcCenti, Ze dojde k Sir§imu vyuZiti t€chto kompozitnich
materidli i v hornictvi. Kolektiv slovinskych autoru (Sotler,
Lednik) se vénoval vysledkum testu dvousloZkovych lepi-
del v podminkéch dolu Velenje Coal Mine.

Kolektiv autort z katedry geotechniky a podzemniho stavi-
telstvi FAST VSB-TU Ostrava prezentoval v ramci hornické
sekce problematiku dimenzovéani dulnich protivybuchovych
hrazi z nového materialu ADIBET-W30 ES, numerickou stu-
dii ndvrhu parametru tlakovych zdtek plynového zdsobniku
a numerickou analyzu vlivu dobyvani na jamé Darkov.
Drievem a jeho vlastnostmi pfi pouziti v hrdnovych systé-
mech se zabyval ve svém prispévku doc. Lokaj.

Seminar dal prilezitost k setkdni odborniku z fad geotech-
nické i hornické praxe i vyzkumnych a vzdélavacich institu-
ci a prispél k preddni novych informaci a zkuSenosti.
Doufame, Ze se pristi jubilejni 20. ro¢nik semindre vydar{
stejné jako ten leto$ni.

DOC. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz,
Fakulta stavebni VSB-TU Ostrava

WORKSHOP O MESTSKYCH KOLEKTORECH V RIYADHU, SAUDSKA ARABIE
TRAINING SESSION ON UTILITY TUNNELS, RIYADH, THE KINGDOM OF SAUDI ARABIA

Riyadh, the capital of the Kingdom of Saudi Arabia, hos-
ted from the 9th to 10th February 2014 a workshop focused
on urban utility tunnel networks and their planning, desig-
ning, constructing, maintaining and reconstructing. The
workshop was organised by the ITA-CET Foundation. A fact
important for Czech professionals was that the organisers
asked the Czech Tunnelling Association for delegating
experts who would take part in the workshop and deliver
several lectures. As the reason for their request they stated
that the Czech Republic has a great extent of completed uti-
lity tunnel networks, therefore also the exceptional experi-
ence in designing and operating them following from this
fact. The workshop was attended by a group of Czech
experts consisting of Ing. Daniel Svec, the acting secretary
of Ingutis, a limited liability company, Ing. Jan Sochurek
from the same company, and Ing. Petr Svec, the chairman of
the board of directors of Kolektory Praha, joint-stock com-
pany. These experts delivered the total of four lectures com-

prehensively relating to problems of utility tunnel networks
and Czech experience in designing, constructing, operating
and maintaining them. The lectures raised great interest of
the workshop attendees.

V hlavnim mésté Saidské Arabie (Kingdom Saudi Arabia
— déle jen KSA) Riyadhu se konal ve dnech 9. az 10. dnora
2014 workshop zaméfeny na méstské kolektorové sité a na
jejich planovani, projektovéani, stavbu, ddrzbu a rekon-
strukce. Jeho poradatelem byl ITA-CET Foundation, ktery
souvisi s vyborem ITA-AITES pro vzdeldvani (ITA-CET
Committee on Education and Training, the ITA University
Network).

Dulezité a vyznamné pro Ceské podzemni stavitelstvi ale
bylo, Ze organizitofi pozidali Ceskou tuneldfskou asociaci
o vysldni experta, ktefi by se workshopu zicastnili
a prednesli nékolik prednasek. Konkrétné se na predsedu nasi
asociace Ing. Ivana Hrdinu obratil byvaly generdlni sekretar
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ITA-AITES pan Claude Berenguier a svou Zadost zduvodnil
velkym rozsahem vybudovanych kolektorovych siti v Ceské
republice a z toho plynoucich mimofddnych zkuSenosti
s jejich projektovanim i provozovanim.

Po fadé jedndni se workshopu z Ceské republiky zdcast-
nili:

« Ing. Daniel Svec, jednatel spole¢nosti Ingutis, spol. s 1. 0.

¢ Ing. Jan Sochurek, a. i., Ingutis, spol. s r. 0.

e Ing. Petr gvec, a. i., Kolektory Praha, a. s., predseda

predstavenstva spole¢nosti

Program worshopu byl rozdélen do dvou dnu (nedéle
9.2.2014 a pondéli 10. 2. 2014).

Prvni den (nedéle) byl vénovan nejprve informaci o situaci
ve vystavbé infrastruktury v Satdské Ardbii, konkrétné
mésté¢ Riyadh a jinych méstech KSA. Dalsi prednasky se
tykaly prehledu projektovanych a realizovanych kolektort
ve Francii. Po prestdvce byly prehledné predneseny charak-
teristiky jednotlivych typu kolektoru pouzitych ve Francii.
Ve prednésel C.-E. Delpierre.

Dopoledni program pokracoval druhou &4sti, kterd se za-
byvala problematikou ndvrhu a reSeni kolektorovych staveb,
feSenim pri¢ného profilu a vyétem vyhod a nevyhod jednot-
livych feSeni. Druhd predndska byla vénovana ndavodu
a pravidlim postupu ndvrhu kolektort. Opét prednésel pan
C-E. Delpierre z PafiZe. K obéma dilim byla rozsdhla disku-
se a dotazy k jednotlivym nastinénym feSenim.

Druhy den (pondé€li) pokracoval treti ¢asti prednédsek, kterd
patfila ¢eskym expertum. Prvni prednédska se tykala navrhu
kolektorovych profili pro pochozi kontrolu, profily bez moz-
nosti vstupu byly zminény jen okrajové, nebot’se v CR pou-
zivaji minimalné. Déle byly probrany kolektory razené ve
skdle a zeminach a separdtné kolektory hloubené. Druha
prednaska tohoto dilu se tykala jiz pomérné detailniho ndvr-
hu kolektorového feSeni ve méstech, razenych a hloubenych
profili, zabezpeCeni geotechnickym monitoringem a me-
todami zabezpeceni jak raZeného profilu, tak i povrchové
zastavby. (obé prednaSky mél Ing. Jan Sochurek). Na-
sledovala prednéska Ing. Petra Svece tykajici se provozova-
ni, 4drZby a oprav kolektort. Kvuli pfedchozimu zdjmu byla
VEétsi pozornost vénovéana bezpecnosti provozu a ostraze —
dozor neoprdavnénych vstupu a pozarni bezpecnost. Posledn{

prednaska Ing. Daniela Svece se zabyvala piiklady realizo-
vanych kolektori v CR a rozdilnych feSeni s piitomnosti
kanalizace v profilu kolektoru.

Workshop byl ukonen dvéma prispévky spolecnosti
Herrenknecht a Porr Bau. Tykaly se razenych a protlaco-
vanych tunelu pro vodovody a kanalizace provddénych na
uzemi KSA.

Prednéasky vyvolaly velky zdjem, Zivé se diskutovalo, CeSti
experti se snazili odpoveédét na vSechny polozené dotazy.
Utastniky velice zajimalo, pro¢ mezi ¢eskym a fran-
couzskym feSenim jsou zna¢né rozdily, jestli existuji néjaké
evropské normy aj. Lokdlnimu radni¢nimu projektantovi
byla jako dar preddna CSN 73 7505. Ceskym expertim bylo
na zdvér viele podékovdno za obsdhlé informace predevsim
o systému vedeni a usporddani inZenyrskych siti.

Meésto Riyadh i ostatni mésta KSA se bouflivé rozvijeji
a zatim infrastrukturu fe$i jako dodate¢ny problém po reali-
zaci povrchové zdstavby. Chybi zde jednoznaéné jakdkoliv
koncepce, po dotazech, zda feSi tzemni plin nebo néco
podobného, byla odpovéd vétsinou zdporna. Celkové se kon-
ference zalastnilo asi 150 kolegu z celé KSA, nejvice dlast-
niki bylo z ruznych odboru radnice, z armady a vysokych
Skol mésta Riyadhu. Velkou zajimavosti konference bylo
zarazeni modlitby do programu konference.

Mimo program bylo umoZnéno expertim navstivit nékteré
vyznamné pamdtky ve mésté, vySkové budovy a centrum
mésta. Zajimava byla navstéva suché reky Vadi Hanifa, ktera
dlouhodobé po destich zpusobuje velké zdplavy tzemdi, jeji
povodi je obrovské, a proto se na ni provadéji protipovodno-
va opatfeni. Pfi prohlidce prehradni hraze, kterd pfivaly vod
pred méstem zadrzuje, bylo jesté¢ vidét dostatek zadrzené
vody a na hrdzi stopu po maximdlni hladiné.

Lze konstatovat, Ze vystoupeni Ceskych expertu bylo prija-
to s velkym respektem, bylo velmi tspésné a kvalita ¢eskych
prezentaci byla objektivné lepsi neZ prezentace francouzské-
ho kolegy. BohuZel kvuli ¢asu nebylo moZno jit pfi vykladu
do vétsich podrobnosti.

ING. JAN SOCH l}REK, sochurek@ingutis.cz,
INGUTIS spol. s r. o.

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

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

Nejvétsi projekt dopravni infrastruktury hlavniho mésta
Prahy koneéné ziskal dobrou Sanci k dokonceni a uvedeni do
provozu. Koncem dubna tohoto roku byla totiZ zaplacena vét-
Sina faktur za provedené prace uplynulého obdobi, coZ
v dusledku mohlo znamenat obnoveni praci, které musely byt
do této doby preruseny. Vyznamny dil v tomto objemu dokon-
Covanych praci nyni lezi na stran¢ dodavatele technologie
firmy CKD, kterd v souasné dobé provadi jiz dil&i individu-
alni zkouSky namontovanych technologickych ¢asti.

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA - PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

The largest transport infrastructure project of the City of
Prague has finally been given a good chance of being finished
and opened to traffic. The reason is the fact that the majority
of invoices for the work completed in the previous period
were paid at the end of April 2014. It could consequently
mean that the work operations which had to be suspended till
that time can be resumed. An important part of the volume of
the work to be completed now lies on CKD, the contractor for



Obr. Stanice Petfiny a prostor pripravovany pro kulturni akce ke 40. vyroci
provozu praZského metra
Fig. The Petiiny station and the space prepared for the 40" anniversary of
Prague Metro celebration

V dusledku to znamend, Ze za zhruba 5 mésicu, tedy na pod-
zim tohoto roku, by mohla byt stavba preddna objednateli
a nasledné i Prazanum k uZivéni.

PRODLOUZENI TRASY METRA V.A

Na nove budované trase metra V.A, kterd spoji stavajici sta-
nici Dejvickd s Nemocnici Motol, se dokoncuji stavebni prace
a pokracuji prace v doddvkach technologickych casti.

V soucasné dobé na celé trase probéehlo jiz pres 150 preji-
mek stavebnich pfipravenosti provoznich soubortt pro monté-
7e technologii. Déle probéhly prejimky stavebnich priprave-
nosti pro zabezpeCovaci zarizeni metra a z poloviny také pre-
jimky pro instalaci vytahu a eskaldtora. Ve vSech stanicich
trasy déle probiha pIné spektrum dokoncovacich praci v&etné
obkladéni stén a stropu keramickymi obklady nebo lamelami.

Zacdatkem kvétna probéhly v rozestavéné stanici Petfiny dvé
zajimavé kulturni akce. V nedéli 4. 5. laserova show doplnénd
o projekci akéniho filmu a v pondéli 5. 5. ke 40. vyro¢i zaha-

s 2

jeni provozu prazského metra, koncert moderni vazné hudby,
kde 7ivé vystoupilo témér Ctyficet hudebniku.

Na celé trase je také dokoncen kolejovy svrsek, kde leva
kolej je po celé své délce sjizdnd od 19. 2. 2014 a prava od
12. 4. 2014. V soucasné dobé zbyva pouze dokoncit montdz
kolejového rozpletu ve stanici Petfiny. V tratovych tunelech se
dokon&uji kabelové konstrukce a pobihd montdZ kabelu osvét-
leni, které bude dokondeno vletné osazeni svitidel zaddtkem
cervence tohoto roku.

VSechny price provddéné na trase metra V.A jsou vykond-
véany v souladu s harmonogramem stavby.

DALNICE D8 - 0805 — LOVOSICE — REHLOVICE

Pro tunely Prackovice a Radejéin fe$i zhotovitel
s objednatelem projektovou dokumentaci technologického
vybaveni tunell, provozné-technickych objektu a zkuSebniho
pozaru tak, aby projekty byly v souladu se zdkonem
o verejnych zakdzkdch ¢. 137/2006 Sb. a prislu§nymi smérni-
cemi GR RSD CR. Dals{ probihajici agendou je procesovani
vicepraci a kategorizace zmén stavby.

Z pohledu dokoncovacich praci se provadély pouze dil¢i
préace v obsahu zejména technologického vybaveni tunelu.
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equipment, which currently conducts partial individual testing
of the already assembled technological complexes.

This in consequence means that the works could be handed
over to the project owner and subsequently to Prague citizens
in about 5 months, in the Autumn 2014.

METRO LINE V.A EXTENSION

Civils works are being completed on the 5th extension of the
metro line A (the Line V.A), which will interconnect the exis-
ting Dejvicka station with Nemocnice Motol (Motol Hospital)
station. The installation of equipment in tunnels and stations
continues.

Over 150 cases of the completion of civil works required for
the installation of equipment in operating units have recently
been concluded throughout the Line length. In addition, com-
pleted civils works have been taken over for the metro inter-
locking system and also for a half of take-overs required for the
installation of lifts and escalators. The full spectrum of finis-
hing operations, including the cladding of walls and ceilings
with ceramic tiles or lamellae, is in progress in all stations on
the Line.

Two interesting cultural events were held in the Petfiny
under-construction station at the beginning of May. The 5th
Laser Show, complemented by screening of an action movie,
took place on Sunday the 4th May and a concert of modern
classical music with live performance of nearly forty musicians
was presented on Monday the 9th May for the celebration of
the 40th anniversary of the start of operations of Prague metro.

Trackwork has also been completed throughout the Line
length. The left-hand track and right-hand track have been traf-
ficable throughout their lengths since 19/02/2014 and
12/04/2014, respectively. At the moment the installation of the
track bifurcation in Petfiny station is the only work to be finis-
hed. Cable structures are being completed and lighting cables
are being installed in running tunnels. The lighting, including
the installation of luminaries, will be finished at the beginning
of July 2014.

All work operations being carried out on the metro line V.A
are performed in line with the project programme.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The contractor jointly with the project owner are solving the
design for the equipment for the Prackovice and Radej¢in tun-
nels, service structures and a trial fire in the way providing the
compliance of the designs with the law No. 137/2006 Coll. on
public procurement and relevant directives of the General
Directorate of the Road and Motorway Directorate of the CR.
Another agenda being underway is the processing of additional
work and categorisation of construction changes.

Regarding the finishing work operations, only partial work
on the technological equipment of tunnels was carried out.

Nevertheless, the project owner has not obtained the deciding
part of the construction permit yet. It is required for the deter-
mination of the final deadline for the works.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The planned uninterrupted closing of running track No. 1 in
the Rokycany — Chrast u Plzné section to traffic continues.
Construction work is underway in the Rokycany — Ejpovice
part. The work on the track bed and the trackwork is underway



23. rocnik - €. 272014

Rozhodujici ¢4st stavebniho povoleni nutnd pro stanoveni
kone¢ného terminu dila ovSem zadavateli stavby stdle chybi.

MODERNIZACE TRATI ROKYCANY - PLZEN

Na stavbé ,,Modernizace trati Rokycany — Plzen* pokracuje
planovana nepretrzitd vyluka 1.TK v dseku Rokycany — Chrast
u Plzné, kde stavebni price probihaji v ¢dsti Rokycany —
Ejpovice. Na daném useku se provadi price na Zelezni¢nim
spodku a svrsku. V Casti rekonstruovanych koleji se provadi
i rekonstrukce mostu a propustki. V Zelezni¢ni stanici Ej-
povice se buduji nové protihlukové stény a zapocala vystavba
nového ndstupisté a nové provozni budovy.

V tseku mezi Ejpovicemi a zastivkou Plzen Doubravka,
kde je preloZka trati navrZena zcela mimo stavajici trasu Zelez-
nice, je provedena zpevnénd provizorni pfistupova komunika-
ce k vjezdovému portélu tunelu Ejpovice. Tunel tvori dva jed-
nokolejné tubusy, které budou razené pomoci plnoprofilového
mechanizovaného §titu (TBM) o pruméru cca 9 metra. V tom-
to misté vjezdového portédlu tunelu probihaji zdroven price na
zachranném archeologickém vyzkumu, kde bylo zachyceno
vétsi mnozstvi archeologicky pozitivnich situaci.

Zacatkem brezna tohoto roku byla zahdjena realizace vyztu-
Zenych pilot praméru 880 mm, které tvori souldst zajiSténi
stén vjezdového portélu a zdfezu tésné pred portdlem.

Soucasné probihaji intenzivni prdce na vyrobé stroje TBM,
jehoz dodavatelem je némecka firma Herrenknecht. Dokon-
Ceni vyroby a ndslednd prejimka stroje se predpoklada
v poloviné ¢ervna tohoto roku.

ING. BORIS SEBES TA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a.s.

PRORAZKA CASTI ODLEHCOVACI STOKY CO3
RAZENE BENTONITOVYM STITEM

POD KRALOVSKOU ZAHRADOU PRAZSKEHO
HRADU

V Jelenim prikopu Kradlovské zahrady Prazského hradu
probéhla prordzka posledni &dsti odlehCovaci stoky CO3
(o celkové délce 1355 m). Zminény usek pod Krdlovskou
zahradou (dlouhy 200 m)
byl raZen mechanizovanym
bentonitovym Stitem znac-
ky Herrenknecht o pra-
méru fezné hlavy 2 m.
Razba probihala z ulice
Marianské hradby ze Sach-
ty S 03.1 hluboké 38 m
smérem do $achty S 03.0
umisténé v Jelenim priko-
pu. Spolecnost Energie
stavebni a bdnskd, a. s.,
realizovala toto podzemni
dilo 35 dni s pramérnym
postupem 5,5 m za den.
Stit s feznou hlavou do
skalnich hornin byl tlacen
sklolamindtovym potru-
bim HOBAS, které zustalo
v dile jako definitivn{ oste-
ni budouci odlehcovaci

Obr. PrordZka bentonitovym Stitem
Fig. Breakthrough using the slurry shield

in this particular section. In addition, bridges and culverts are
being reconstructed in a part of the tracks being reconstructed.
New noise attenuation walls are being built and the constructi-
on of a new platform and new operations building has started
in Ejpovice railway station.

A paved temporary access road leading to the entrance por-
tal of the Ejpovice tunnel has been finished in the section bet-
ween Ejpovice and Plzen Doubravka intermediate station,
where the track diversion is designed to run completely outsi-
de the existing railway route. The tunnel consists of two sing-
le-track tubes, which will be driven using an about 9m-diame-
ter full-face tunnelling machine. In this location of the tunnel
entrance portal there is in addition a saving archaeological sur-
vey underway; a significant quantity of archaeologically posi-
tive situations were identified by the survey.

The installation of 800mm-diameter reinforced concrete
piles commenced at the beginning of March 2014. The piles
form a part of the system supporting the entrance portal walls
and sides of the open cut just in front of the portal.

Intense work on the manufacture of the full-face tunnelling
machine, to be supplied by Germany-based Herrenknecht, is
underway. The completion of the manufacture and the subse-
quent take-over is planned for the middle of June 2014.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAY a. s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a. s.

BREAKTHROUGH OF A PART OF CO3 RELIEF
SEWER DRIVEN UNDER THE ROYAL GARDEN
IN PRAGUE CASTLE USING SLURRY SHIELD

The breakthrough of the last part of the CO3 relief sewer
(the total length of 1355m) took place in the Deer Moat of the
Royal Garden in the Prague Castle. The above-mentioned
section under the Royal Garden (200m long) was driven using
a slurry shield with a 2m diameter cutterhead, manufactured
by Herrenknecht. The tunnel was driven from Maridnské
Hradby Street, from the 38m deep shaft S 03.1 toward the shaft
S 03.0 located in the Deer Moat. Energie stavebni a bariskd,
a. s., needed 35 days for this underground working. The avera-
ge advance rate amounted to
5.5m per day. The shield with
a hard rock cutterhead was pus-
hed through HOBAS glassfibre
reinforced plastic (polyester)
tubes, which were left in the
tunnel as the final lining of the
future relief sewer. Owing to
the precise guidance and chec-
king of the underground wor-
king, the deviation from the line
and level of the excavated tun-
nel was equal to zero. The
monitoring, which was conduc-
ted during the course of the
sewer construction by the con-
sortium of PUDIS a. s. and
Angermeier Engineers, s. r. 0.,
did not prove any negative
excavation impact on legacy



stoky. Diky presnému vedeni podzemniho dila a jeho kontro-
le bylo dilo vyraZeno s nulovou odchylkou smérove
i vySkové. Monitoring, provddény v prubéhu vystavby
stoky sdruZenim firem PUDIS a. s. — Angermeier Engineers,
S. I. 0., neprokdzal zadné negativni dopady razby na pamat-
koveé chranéné historické budovy v Kralovské zahradé
(zvlaste pak na Letohrddek krdlovny Anny — Belvedér &i
Velkou micovnu Prazského hradu). V rdmci monitoringu
razby byly prubézné zaznamendvdny technologické udaje
z operacni jednotky raziciho stroje s izkou vazbou na inten-
zivni mérfeni drovné hladiny podzemni vody v Krdlovské
zahradé. Podle téchto vysledku byl operativné prizpusobo-
vén postup razeb. Dlouhodoby monitoring na Zadost Spravy
Prazského hradu naddle monitoruje ustalovdni hladiny
podzemni vody a dlouhodobé minimalni deformacni dcinky
razby na pamatkové chranéné objekty Krdlovské zahrady
Prazského hradu.

ING. MILAN SCHAGERER, schagerer@enas.cz,
Energie stavebni a bdriskd, a. s.

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS a. s.

SUDOMERICKY TUNEL

Razba dvoukolejného Zelezni¢niho tunelu Sudoméfice se
bliZi ke konci. Tunel je soucdsti I'V. tranzitniho Zelezni¢niho
koridoru a leZ{ na tratovém tuseku Tédbor — Sudoméfice.
7Z celkové délky raZzené cdsti tunelu 420 m zbyva ke
4. 5. 2014 vyrazit v kaloté, kterd se nachdzi v TM378,
poslednich 42 m. Razba probihd v biotitickych pararuldach
pevnostni tfidy R2 s horizontdlnim ¢lenénim vyrubu. Prvky
zajisténi stability vyrubu definuje technologickd trida vyru-
bu 3. Primarn{ ostén{ ze stiikaného betonu C20/25 o tloustce
200 mm vyztuZuje jedna vrstva siti KARI KY80 a kotvy
HUS délky 3 m. Geotechnické podminky jsou lepSi, nez
predpoklddala prognéza, kterd v tomto tseku pocitala
s nasazenim technologické tfidy vyrubu 4. Jadro v pravé
¢4sti tunelu je ve stani¢eni TM 218, v levé casti tunelu ve
stani¢eni TM204. Délka kaloty je 160 m a umoZznuje poho-
dlnou manipulaci s materidlem i technikou. Deformace vyru-
bu po vyraZzeni celého profilu tunelu o ploSe vyrubu
90 m? jen vyjime&né prekracuji hodnotu 10 mm a jsou hlu-
boko pod hranici varovného stavu. Zhotoviteli se dafi drzet
nadvyruby pod hranici 4 m3 na zdbér, coz je pri délce zdbe-
ru 2 m velmi dobry vysledek. Aktudlni vySka nadloZi v misté
Celby kaloty je jen 11 m a smérem k severnimu portdlu se
bude déle snizovat. Vyska nadlozi nepresdhla v nejvySs§im
misté trasy tunelu 17 m. Razbu tunelu provadi firma OHL
7S, a.s. podle realiza¢ni dokumentace vypracované firmou
IKP Consulting Engineers, s.r.o.. Geotechnicky monitoring
a vykon technického dozoru investora, kterym je SZDC, s.o0.
zajistuje firmy ARCADIS CZ a.s.. Autorsky dozor provadi
firma SUDOP Praha as..

ING. LIBOR MAIéI'K, libor.marik @ikpce.com
IKP Consulting Engineers, s.r.o.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo
dokoncené razenie v oboch tunelovych rdrach, sldvnostnd
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buildings in the Royal Garden (first of all on Queen Anne’s
Summer Palace — Belvedere or the Big Ball-game Hall at the
Prague Castle). Technological data from the operating unit of
the full-face tunnelling machine was continually recorded wit-
hin the framework of the excavation monitoring, with a close
relation to the intense measurement of groundwater level in the
Royal Garden. The excavation advance rate was operatively
accommodated according to these results. The long-term moni-
toring requested by the Prague Castle Administration continues
to monitor the process of steadying of the groundwater level and
long-term minimum deformational effects of the excavation on
the heritage-listed Royal Garden in the Prague Castle.

ING. MILAN SCHAGERER, schagerer@enas.cz,
Energie stavebni a bdriskd, a. s.

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS a. s.

SUDOMERICE TUNNEL

The excavation of the double-track Sudomérice railway tun-
nel is nearing its end. The tunnel is part of the 4th railway
transport corridor. It is located in the Tdbor — Sudoméfice
track section. The last 42m of the top heading excavation
(chainage TM378) from the total length of 420m of the tunnel
mined part remained to be excavated as of 04/05/2014. The
excavation passes through R2 strength class biotite paragne-
iss, using the top heading, bench and invert sequence. The
excavation support elements are defined by support class 3.
The 200mm thick C20/25 shotcrete lining is reinforced by one
layer of KARI KY80 mesh and 3m long Swellex rock bolts.
Geotechnical conditions are better than expected by the pro-
gnosis, which expected that excavation support class 4 would
be applied to this section. The bench in the right-hand part of
the tunnel is at chainage TM218, whilst in the left-hand part it
is at TM204. The top heading length is 160m. It allows for
comfortable handling of materials and equipment.
Deformations after the completion of the whole tunnel profi-
le excavation with the excavated cross-sectional area of 90m?
only exceptionally exceed the value of 10mm and are deep
under the warning state limit. The contractor successfully
keeps overbreaks under the limit of 4m?3 per excavation round,
which is a very good result taking into consideration the
advance round length of 2m. The current height of the over-
burden at the top heading face is a mere 11m and it will furt-
her diminish in the direction of the northern portal. The grea-
test overburden height on the tunnel route did not exceed
17m. The tunnel excavation is carried out by OHL ZS, a.s.
according to the detailed design provided by IKP Consulting
Engineers, s.r.o.. Geotechnical monitoring and client’s
(Railway Infrastructure Administration, state organisation)
supervision is provided by ARCADIS CZ a.s.. Consulting
engineer’s supervision is carried out by SUDOP Praha a.s.

ING. LIBOR MARIK, libor.marik @ikpce.com
IKP Consulting Engineers, s.r.o.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The excavation for both tunnel tubes of the 588m long Sibe-
nik motorway tunnel has been finished. The breakthrough cere-
mony took place on the 215t March 2014. The current work
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prerdzka sa uskuto¢nila dna 21. 3. 2014. V tomto obdobi prebi-
eha betonaz zakladovych pasov a pripravuje sa betondz sekun-
ddrneho ostenia. Tunel Sibenik bude si¢astou dseku dialnice D1
Jéanovce — Jablonov s celkovou dizkou 9,5 km. Zhotovitelom
stavby je zdruZenie Eurovia SK, a. s., Eurovia CS, a. s., Stavby
mostov Slovakia, a. s. Ukoncenie stavby a uvedenie dialhi¢né-
ho dseku do prevadzky sa predpoklada v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe D3 Svr¢inovec — Skalité, ktorého sicastou su aj
tunely Polana (890 m) a Svr¢inovec (445 m) v sticastnosti prie-
biehaju projekéné prace na oboch tuneloch. Zacala sa realizdcia
portdlov na razenie pre oba tunely. Samotnd realizdcia tunelov
je naplanovand na 6/2014 pre tunel Polana a 7/2014 pre tunel
Svréinovec. Vystavbu tdseku zabezpeci zdruZenie Styroch spo-
lo¢nosti Vahostav-SK, a.s., Doprastav, a.s., Strabag, a.s.
a Metrostav SK a.s.

TUNELY OVCIARSKO A ZILINA

Na useku D1 Hri¢ovské Podhradie — Lietavska Lucka, ktorej
sicastou st tunely Ovciarsko (2367 m) a Zilina (651 m)
v sdcastnosti priebiehaju projekcné prace. Tunel Ovciarsko ma
vSak uz zrealizované oba portdly, preto sa predpokladd zaciatok
razenia tunela na obdobie 8/2014. Realiz4cia tunela Zilina sa
predpokladd azZ na obdobie konca roka 2014. Dani stavbu
realizuje zdruzenie Doprastav, a.s., Vdhostav-SK, a.s., Strabag,
a.s. a Metrostav SK a.s.

TUNEL CEBRAT

Na dseku D1 Hubova — Ivachnovd, ktorej sicastou je tunel
Cebrat’ (1994 m) v stcasnosti priebiehaji projekéné price na
portalovych objektoch a pre razenie tunela. Samotna realizacia
razenia je pldnovana na 8/2014. Zhotovitelom stavby bude
zdruZenie spolo¢nosti OHL 78S, a.s. a Vdhostav-SK, a.s.

ING. MILAN MAJERCIK,
milan.majercik@ndsas.sk

comprises the casting of concrete foundation strips and the pre-
paration for casting the secondary lining. The Sibenik tunnel will
be part of the Janovce — Jablonov section of the D1 motorway
with the total length amounting to 9.5km. The project is being
realised by a consortium consisting of Eurovia SK, a. s., Eurovia
CS, a. s., Stavby mostov Slovakia, a. s. The works completion
and opening the motorway section to traffic is planned for 2015.

POLANA AND SVRCINOVEC TUNNELS

Parts of the Svr¢inovec — Skalité section of the D3 motorway
are also the Polana tunnel (890m) and Svrcinovec tunnel (445
m). The work on the design for the two tunnels is currently
underway. The realisation of the tunnels itself is planned for
6/2014 for the Polana tunnel and 7/2014 for the Svr¢inovec
tunnel. The motorway section will be carried out by a con-
sortium consisting of four companies: Vahostav-SK, as.,
Doprastav, a.s., Strabag, a.s. and Metrostav SK a.s.

OVCIARSKO AND ZILINA TUNNELS

The design is currently under preparation for the Hricovské
Podhradie — Lietavskd Lucka section of the D1 motorway. Parts
of this section are the Ov&iarsko tunnel (2367m) and Zilina tun-
nel (651m). However, both portals of the Ovciarsko tunnel
have already been finished. For that reason the beginning of the
tunnel excavation is expected in 8/2014. The realisation of the
Zilina tunnel is expected later, in the period before the end of
2014. The contractor for this project is a consortium consisting
of Doprastav, a.s., Vdhostav-SK, a.s., Strabag, a.s. and
Metrostav SK a.s.

CEBRAT TUNNEL

The work on the design for portal structures and for tunnel-
ling is currently underway in the Hubova — Ivachnova section
of the D1 motorway, part of which is the Cebrat tunnel (1994
m). The realisation of the tunnel excavation itself is planned for
8/2014. A consortium consisting of OHL 7S, a.s. and
Vahostav-SK, a.s. will be the contractor.

ING. MILAN MAJERCIK, milan.majercik @ndsas.sk

VYROCI / ANNIVERSARIES

75 LET PROF. ING. JIRIHO BARTAKA, DrSC.

SEVENTY-FIFTH BIRTHDAY ANNIVERSARY OF PROF. ING. JIR[ BARTAK, DrsC.

Ceskd tuneldiskd komunita, ale i fada zahrani¢nich kolegu,
si jist€ povSimla vyznamného Zivotniho vyroéi prof.
Ing. Jifiho Bartdka, DrSc., ktery se 13. Cervna 2014 dozil
75 let. Je to vyro¢i vyznamné predevsim proto, Ze zdravi,
osobni vitalita a zivotni eldn stdle umoznuje profesoru
Bartdkovi plné pracovni nasazeni a pedagogické i odborné
pisobeni. Prof. Jifi Bartdk je fddnym profesorem CVUT, kde
pusobi na katedfe geotechniky, je vdZenym a velmi vytéZzova-
nym expertem a Clenem nékolika profesnich spolenosti.
V CzTA ITA-AITES je mistopredsedou predsednictva asocia-
ce a predsedou redakéni rady ¢asopisu TUNEL. Cesk4 tune-
larskd asociace jej jiz dfive jmenovala ¢estnym ¢lenem a jeho
prinos asociaci a ¢eskému podzemnimu stavitelstvi ocenila
udélenim pamétni medaile.

Byva zvykem, Ze pfi podobnych vyroéich vyznamnych osob-
nosti jsou v Casopise TUNEL uverejiovdny prispévky, které

The Czech tunnel building community, but also many foreign
colleagues, have certainly noticed the important jubilee of
Prof. Ing. Jifi Bartdk, DrSc., who celebrated 75 years of age on
the 13th June 2014. This anniversary is important first of all
because of the fact that health, personal vitality and zest for life
continue to allow Professor Bartak to work with full commitment
and to be active as a teacher and expert. Prof. Jiri Bartdk is a full
professor of the Czech Technical University in Prague, where he
works at the Department of Geotechnics. He is a respected and
highly employed expert and member of several professional soci-
eties. In the ITA-AITES CzTA he is the vice-chairman of the
association board and the chairman of the Editorial Board of
TUNEL journal. The Czech Tunnelling Association appointed
him an honorary member already in the past and appreciated his
contribution to the association and the Czech underground con-

struction industry by granting him its memorable medal.



dilo a vyznam oslavence hodnoti. Tentokrat se ale Clenové
redakeéni rady rozhodli, Ze opusti zajeté koleje, protoze bude
prospésnejsi poznat vlastni ndzory oslavence nejen na jeho
osobni a profesni Zivot, ale i stav a vyhled tuneldrské profese.

Proto jsme pozadali prof. Jifiho Bartdka o rozhovor a zde je
vysledek.

ROZHOVOR S PROF. ING. JIRIM BARTAKEM, DrScC.

Moznd by neskodilo na zacdtku urcité vyzndni. Pro¢ mds rdd
geotechniku, zejména tunelarinu, co Té na ni bavi? Pro¢ a kdy
ses pro tento obor rozhodl, kdo Té ovlivnil svym prikladem,
nadsenim?

Mné se na geotechnice libi to, co mnohé jiné odpuzuje — jistd
neurlitost ve vstupech i v TfeSeni zadaného problému.
Geotechnik se neobejde bez solidnich teoretickych znalosti ze
vSech dil¢ich disciplin tohoto oboru, ale navic musi mit cit
a porozumeni pro hodné zapeklité zemni a horninové prostre-
di. Je to jisté riskantni dobrodruzstvi nedostat se do kfizku
s potfebami tohoto prostredi, v podzemnich stavbach obzvlas-
té. S pribyvajicimi zkuSenostmi dobrodruZstvi a potéSeni
z préce zustavaji a rizika, doufdm, ubyvaji.

Podzemni stavby mé na sklonku 50. let jako studenta Fakulty
inzenyrského stavitelstvi zacaly mimoradné zajimat po precte-
ni knihy prof. J. Streita ,, Tunely vSech dob a svétadili “. A pak
jsem se dostal v 5. ro¢niku do rukou panu profesorovi Janu
Strakovi a jeho tehdejsSimu asistentovi Milo§i Buckovi. Oba
vynikajici tuneldr$ti odbornici, skvéli ulitelé, vyborni lidé,
diplné mé uchvitili. Dobrodruzstvi zacalo v roce 1960 diplo-
movou praci — projektem razby trasy ,,A“ metra pod Starym
Méstem.

Nikdy jsem nepracoval na akademické piide, kdy? pominu
nekolikaleté vedeni semindru na katedre hydrotechniky, kam
mne vyslal tehdejSi mij zaméstnavatel Vodni stavby a. s.

Proc a kdy ses pro prdci pedagoga na vysoké Skole rozhodl?
Kdy jsi byl jmenovdn profesorem?

Po ukonceni $koly jsem sice dostal umisténku na stavbu
Kaucuk Kralupy, ale prof. Straka v t€ dob¢ usiloval o vytvoreni
katedry geotechniky na Stavebni fakulté a potreboval nového
pedagogického eléva. Jeho nabidku jsem radostné prijal a nik-
dy jsem toho nelitoval — dobrodruZstvi mohlo pokracovat. Pan
profesor Straka nds s MiloSem Buckem nikdy neopomnél pri-
zvat k feSeni praktickych problému podzemniho stavitelstvi,
vystavba prazského metra i dalSi technickd dila k tomu davaly
mnoho prilezitosti.

Pedagogickd prace mé bavila, se studenty jsem vzdycky
vyborné vychédzel, mimo jiné jsem opakované organizoval
jesté za starych Casu z povéreni pana profesora Straky dvou-
denni exkurzi studentu katedry geotechniky do podzemi
Lipenské hydrocentrdly. Asi vSichni, ktefi tam byli, jsou po
spole¢nych zézitcich dodnes mymi priteli.

Jak jsem starnul, tak jsem postupoval na Zebric¢ku pedago-
gickych a védeckych hodnosti, az jsem to v roce 1988 dotahl
na profesora. Profesorem byl jmenovan i maj nerozluény pfitel
Milo§ Bucek, a navic jsme méli na katedfe dal§itho nadSence
pro podzemni stavby — Jaroslava Pacovského, ktery se stal
pozdgji tretim profesorem ze stejného hnizda.

Jsem presvedcen, Ze to byla sprdvnd volba, protoZe mds
velké pedagogické naddni a dnes vic neZ bohaté zkuSenosti.
Kdo jen trochu md zdjem o pozndni néceho nového, ten md
potéSent i uZitek jiZ jen z toho, kdyz s Tebou cestuje. PFipomneél
bych své zdZitky ze spolecnych cest po Tauernské ddlnici na
Villach. Nutil jsem Té opakované plnému autobusu popisovat
technické mimorddnosti tohoto dilo v dobé jeho vzniku. Vsichni
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It is a custom that papers assessing the work and importan-
ce of the honoree are published in TUNEL journal on the occa-
sions of similar anniversaries of important personalities.
Nevertheless, members of the editorial board this time decided
that they would leave the grooves because getting acquainted
with the toastee’s own opinions not only on his private as well
as professional life, but also on the state and outluook of the
tunnelling profession, would be more beneficial.

For that reason we asked Jifi Bartdk for an interview. This is
the result.

INTERVIEW WITH PROF. JIRI BARTAK, DrsC.

May be it would not hurt to start with a certain confession.
Why do you love geotechnics, first of all the tunnel building
profession, and what do you like about it? Why and when did
you opt for this branch and who influenced you with his/her
example and enthusiasm?

I like a thing on geotechnics which repels many other peo-
ple — the certain vagueness in inputs and solutions to defined
problems. A geotechnical engineer cannot do without solid
theoretical knowledge from all partial disciplines of this
branch. But, in addition, he must have the sense of and under-
standing for very tricky soil and rock environment. It is
a certain risky adventure making efforts not to get into fight
with the needs of this environment, especially in the field of
underground structures. With experience growing, the adven-
ture and fun at work remain and risks, I hope, drop out.

Underground structures started to be exceptionally interes-
ting for me as a student of the Faculty of Civil Engineering at
the end of the 1950s after reading the book by Prof. J. Streit
“Tunnels of all periods and continents”. Then, at the 5th
grade, I got into the hands of Professor Jan Straka and his assi-
stant Milo§ Bucek. They were perfect tunnelling professio-
nals, excellent teachers, outstanding people and they totally
fascinated me. The adventure started in 1960 by my diploma
thesis — the design for the excavation of tunnels for the Line
A of metro under the Old Town.

With the exception of several-year conducting seminars at
the Department of Hydraulic Engineering, where I was sent
out by Vodni Stavby a. s., at that time my employer, I had never
worked on academic ground.

Why and when did you decide on your teaching work at the
university? When were you appointed a professor?

After graduation I was given a job allocation decree to the
Kaucuk Kralupy construction site. But Professor Straka at that
time strived to develop the Department of Geotechnics at the
Faculty of Civil Engineering and needed a new teaching ent-
rant. [ accepted his offer with joy and have never been sorry
for it — the adventure could continue. Professor Straka never
failed to call me and Milo§ Bucek in, to solving practical pro-
blems of underground construction. The development of the
Prague metro system and other technical works provided
many opportunities for it.

I enjoyed the teaching work; I have always got along excel-
lently with students. Among other things, I repeatedly organi-
sed, still in the old days and on the authority of Professor
Straka, a two-day excursion of students of the Department of
Geotechnics to the underground of the Lipno hydro power
plant. Probably all of those who were there have, after shared
experiences, remained my friends till now.

As I grew older, I proceeded on the ladder of teaching and
scientific positions, ending in 1988 as a professor. Milo§
Bucek, my inseparable friend, was also appointed professor.
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napjaté poslouchali. Osobne dekuji vSem, kteri jsou ochotni
podélit se s ostatnimi o své znalosti a zkuSenosti.

Jeste si odskocme do soucasnosti pedagogické, kde je asi
stdle hlavni penzum Tvé prdce. Jaci jsou dnesnt studenti, stdle
T¢é bavi je vzdélavat? A co CVUT — jaky je tviij kriticky pohled
na studenty i na Skolu?

Je to zajimavé, bez patfi¢nych znalosti nelze dispesné ucit,
ale soucasné sam své znalosti u¢enim tfibis, dalsim poznava-
nim zdokonaluje§. Myslim, Ze jsem Casem postupné svoje
prednédskové pusobeni v oboru zakldddni staveb a podzemnich
stavbdch znacné vylepS$il. Mym krédem se stalo mén¢ teorie
a vypoctu (to mladsi kolegové perfektné zvlddaji), vice prak-
tickych poznatku a pouénych piikladi z bohaté geotechnické
nabidky. Zda se mné, Ze tato moje snaha md u studentu vstiic-
ny ohlas.

Studenty a Skolu je obtizné n¢jak globédlné a soucasné struc-
né hodnotit. Dne$ni doba skytd nadanym a hlavné cilevédo-
mym studentim nebyvalé moZnosti. Ne vSichni je dokdZou
vyuzit, ale tak to bylo vzdycky, jen téch moznosti bylo pod-
statné méné. Na CVUT piibyvaji fakulty a dal$i souddsti, na
fakultdch v nebyvalém mnozstvi studijni smeéry a studijni
obory — nejsem si sdm jist, je-li tato vyraznd fragmentace
a uzkd specializace jednoznacné prospésnd. VSeobecné zave-
deni strukturovaného studia (bakaldrské, magisterské, dokto-
randské) meélo byt krokem vpred v systému diferencované
vysokoskolské vyuky — vysledek se na Stavebni fakulté jaksi
nedostavil — vSichni bakalafi chtéji studovat ddl a ziskat plno-
hodnotné inzenyrské vzdélani. Nyni je snaha tomu ponékud
administrativnim zpusobem brénit.

Uz jsem zazil ve Skolstvi tolik reforem, Ze by bylo
s podivem, kdybych se i na ty soucasné nedival s jistou skep-
si. Nevynikdm vSak pronikavymi znalostmi v této oblasti
a mohu se mylit. Pro vysoké Skolstvi by bylo rozhodné lepsi,
kdyby vSechny nové a nové tpravy byly prospésné a tspésné.

Ted aktivizuj svou pamét. Co bys pFipomenul z historie
a vyvoje Ceského tuneldrstvi v obdobi do roku 1960?

Tak s touto otdzkou musim byt co do rozsahu hodné opatr-
ny, protoze jsem velkym fanouSkem historickych podzemnich
staveb, a zdjemce proto odkdzu na tvodni kapitolu publikace
Podzemni stavitelstvi v Ceské republice*, vydané Satrou,
S. I. 0., pri prileZitosti Svétového tunelarského kongresu ITA-
AITES v Praze v roce 2007. Uvedu z tohoto starSiho obdobi
par zajimavosti:

Tunel Slavi¢ z roku 1847 nebyl postaven jen pro zdlibu cisa-
fe Frantiska Josefa I. v Zelezni¢nich tunelech, coZ je velmi
roz$ifeny mytus, nybrz byl opustén po preloZeni Zeleznini

In addition, we had another underground construction enthusi-
ast at the department — Jaroslav Pacovsky, who later became
the third professor from the same nest.

I am convinced that it was a good choice because you have
great aptitude for teaching and, today, more than extensive
experience. He who is at least a little interested in learning
something new, has the pleasure and benefit from the mere fact
that he travels with you. I would like to remember my experi-
ences from joint trips to the Tauern motorway heading toward
Villach. I was forcing you to repeatedly describe for the full
coach the technical characteristics of this project, which were
exceptional at the time of its origination. Everybody was all
ears. I personally thank all people who are willing to share
their knowledge and experience with others.

Let us again return to the teaching present, where the main
quota of your work probably still remains. What are they the
today’s students? Do you still enjoy teaching them? And how
about the Technical University — what is your critical view of
students and the university?

It is interesting that it is impossible for you to teach without
proper knowledge, but at the same time you refine your know-
ledge through teaching and improve it by new experience.
I suppose that over time I significantly improved my lectures
on the foundation of buildings and underground structures. My
credo became “less theory and calculations (which my youn-
ger colleagues manage perfectly) and more practical pieces of
knowledge and illuminating examples from the abundant geo-
technical offer”. It seems to me that this effort of mine has
a favourable response with students.

It is difficult to assess students and schools in a global way
and at the same time briefly. The present time provides unpre-
cedented opportunities for gifted and, first of all, purposeful
students. Not all of them are able to use them, but it has been
always so, only the amount of the opportunities was substanti-
ally smaller. There are an increasing number of faculties and
other components at the Technical University faculties and
unusual amount of specialisation and branches of study is
added. I myself am not certain whether this significant frag-
mentation and narrow specialisation is unambiguously benefi-
cial. The general introduction of structured studies (bachelor,
master, doctoral) was intended to be a step ahead in the system
of differentiated university education. The result at the Faculty
of Civil Engineering has failed to appear. All bachelors wish to
study further and gain full civil engineering education. The
current effort is to prevent it using rather administrative met-
hods.

I have already experienced so many reforms in the educati-
on system that it would be surprising if I did not view the cur-
rent ones with certain scepticism. I do not excel exceptional
properties in this field and I may be wrong. It would be certa-
inly better for university education if all new changes were
beneficial and successful.

Now activate your memory. What would you remind us of
Jfrom the history and the development of the Czech tunnel con-
struction industry during the period ending in 1960?

Wow, this is a question I must be very careful about as far as
the scope is concerned because I am an enthusiastic fan of his-
toric underground structures. For that reason I will refer inter-
ested readers to the opening chapter of the publication
“Underground Construction in the Czech Republic”, which
was published by Satra, s. r. 0., on the occasion of the ITA-
AITES World Tunnel Congress held in Prague in 2007. I will
mention several interesting things from this older period:




trati Prerov — Hranice na Moravé ze sesuvného dzemi. Jako
technickd pamadtka je zachovan dodnes.

Nejstar§im dosud provozovanym dopravnim tunelem v CR je
na I. tranzitnim koridoru soustava tii Nelahozeveskych tunelu
z roku 1848. Jejichz dva boé¢nf ,,vefejné* vstupy primo ke kole-
jim ze slavné Dvordkovy stezky jsou mimoradnou kuriozitou.
Velky pozor pii eventudlni navstéve!

Letensky tunel z roku 1953 by poslednim tunelem v CR, kde
byl pouzit pilifovy systém razeni a modifikovand rakouska
soustava. U vydrevy smérové $toly bylo lokdlné pouzito velmi
madlo frekventované zesileni vydfevy kralovskym podvlakem.

Ve stejné dobé (1953) byla razena ddajna jednolodni stanice
metra Kldrov, coZ byl jen kryci ndzev protiatomového podzem-
niho krytu pro nejvyznamné;jsi prominenty tehdejs$iho rezimu.

V téze dobé (1953) byl vyraZen tunel pro pési Zizkov —
Karlin, ktery byl vyuzit jako idedlni kryci pristupovd cesta
k razbé dalSich vyznamnych zastitnych staveb pod Vitkovem
(proponovany paralelné vedeny silni¢ni tunel nebyl nikdy reali-
zovan).

V roce 1960 byla uvedena do provozu podzemni hydrocent-
rdla Lipno. Mohutny Sikmy pristupovy tunel, vedeny pod
dhlem 45° do hlavni kaverny v hloubce 100 m pod povrchem,
je velkou tuneldfskou pozoruhodnosti. TaktéZ zastizeni mohut-
né poruchové zony prochézejici napfi¢ hlavni kavernou, ktera
byla zji§téna az pri vlastni razbé v predpoklddaném zdravém
granitovém masivu, je nepochybné geotechnickou zajimavosti.

Co dalsi obdobi rekneme do roku 1990, jakd pozitiva bys
vyzvedl, jaké slepé ulicky kriticky vidis? Na kterych stavbdch
ses podilel, kde miiZeme vidét Tvoji stopu?

Opét se pokusim drzet rozsahlé vzpominky na uzde. Razba
metra, kterd v celém tomto obdobi trvale probihala, ndm
s MiloSem ddvala velké mnoZzstvi prileZitosti se vmisit do feSe-
ni fady problému statickych i provadécich. Rikali ndm se sho-
vivavou nadsdzkou ,,védeckd fronta“ nebo ,,BUBA klika“,
nékdy ,,bubdci®. Slepd uli¢ka, myslim, Zddnd nebyla. Snad jen
v té dobé naSe vyhradni zaujeti prstencovou metodou
a prevdzné nemechanizovanym Stitovdnim predstavovalo jisté
zpozdéni oproti vyvoji tunelovacich metod ve svéte. Ale objek-
tivné je nutno uvést, Ze obé metody se pri razbé metra skvéle
uplatnily, byly zdokonaleny a dosazené vykony budi i dnes
obdiv.

Pér naSich nejstarSich ,,stop* z vystavby metra uvedu jen
heslovite: Trasa C — stabilita Celby pri razbé pod mouénym
skladem na tehdej$im nadraz{ Praha stfed, kde byl tenkrdt stav-
byvedoucim Ing. Jindfich Hess; stabilita kolabujiciho zajistén{

23. rocnik - €. 272014

The Slavi¢ tunnel from 1847 was not built only for the fond-
ness of Emperor Franz Joseph I of railway tunnels, which is
a generally spread myth. It had its purpose. Nevertheless, it
was abandoned after the Prerov — Hranice na Moravé railway
track had been diverted from a slide area. It has been preser-
ved as the only technical monument till now.

The oldest till now operating transport tunnel in the Czech
Republic is a set of three Nelahozeves tunnels from 1848,
which is located on the Transit Corridor No. 1. The two “pub-
lic” side entrances leading directly to tracks from the famous
Dvorak’s trail are an exceptional rarity. Be very careful during
a possible visit!

The Letnd tunnel from 1953 was the last tunnel in the Czech
Republic where the Room and Pillar system and the modified
Austrian system were used. Very rarely frequented reinforce-
ment of the timbering with a king stretcher was used for the
timbering of the pilot gallery.

Alleged Klarov single-vault metro station was excavated in
the same period (1953). Its name was only a code name for
a nuclear shelter for most important prominent persons of the
regime of that time.

The Zizkov — Karlin pedestrian tunnel was excavated in the
same period. It was used as an ideal covering access route to
the excavation of other important protection structures under
Vitkov Hill (the planned parallel road tunnel has never been
realised).

The Lipno underground hydro power plant was inaugurated
in 1960. The huge inclined access tunnel descending at an
angle of 45 degrees to the main cavern at the depth of 100m
under the ground surface is a great tunnelling attraction. The
encountering of an extensive fault zone passing across the
main cavern, which was discovered only during the excavati-
on passing through the granite massif that had been assumed to
be sound, is undoubtedly another interesting geotechnical fea-
ture.

How about the subsequent period, say till 1990; which posi-
tives would you emphasise, which blind alleys can you criti-
cally see? Which projects did you participate in, where can we
see your trace?

I will again try to hold my extensive memories in check. The
excavation for metro tunnels, which was permanently under-
way during this period, gave me and Milo§ Bucek a great
amount of opportunities to involve ourselves in solutions to
many problems, regarding both structural analyses and the
execution of work. They called us, with indulgent exaggerati-
on, the “scientific front” or “BUBA cabal”. I believe that there
was no blind alley there. Possibly only our preoccupation with
the Ring Method and mostly non-mechanised shielding meant
certain retardation in comparison with the development of tun-
nelling methods in the world. However, it is necessary to
objectively say that both methods acquitted themselves per-
fectly during the metro drives, were improved and the advan-
ce rates achieved inspire admiration even today.

I will mention several of our oldest “traces” from the con-
struction of metro only in an encapsulated way: The Line C —
excavation face stability under a flour storehouse at the Prague
Centre railway station existing at that time, where Ing. Jindfich
Hess was the site agent; the stability of the collapsing support
of the pit in Washington Street; the structural solution to the
three- and four-hinged lining consisting of large-size seg-
ments; the pioneering inclinometer measurement of deformati-
ons of the bracing pile wall for H4je station. The Line A -
structural solution for the compressed concrete lining produ-
ced by the TSCB-3 full-face tunnelling machine (jointly with
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jamy ve Washingtonové ulici; statické reSeni tfi- a ¢tyrklou-
bového osténi z velkorozmérovych dilct; prikopnické inklino-
metrické méfeni deformaci pazici pilotové stény stanice Héje.
Trasa A — statické reSeni osténi z pressbetonu pro mechani-
zovany §tit TSEB-3 (s pfitelem Ing. Alesem Zapletalem); navrh
a statické feSeni vyztuze komory pro spojku A-C. Trasa B
— spoluprdce na razbdach v tseku Smichov — Jinonice
(s Ing. Rysem).

Nase aktivity se netykaly jen metra, ale i tunela Zelezni¢nich
— rozplet a ndvrh osténi dvou trub 3. Vinohradského tunelu
(s Ing. M. Krejcarem); likvidace Chocenského tunelu; navrh bez-
momentové stiednice a méfeni tlaki na osténi tunelu realizova-
ného BEBO systémem na preloZce trati Sokolov — Chodov, tune-
1o silni¢nich — vypocty deformaci nad jiznim portdlem
Strahovského tunelu a také kolektoru, kanalizaci a d¢elovych §tol
— statické feSen{ osténi primarnich kolektoru v Praze a v Brné;
statické TeSeni osténi u mechanizovaného Stitu Westfalia Liinen
s vypoétem deformaci pri jeho podchodu pod ddlnici D1; ndvrh
osténi odvodiovaci 3toly v uhelném velkolomu Cs. armady
a méfeni tlaku od zatiZeni zvySovanou vnitini vysypkou.

Obdobnych aktivit bylo mnohem vic a predstavovaly rozsah-
1y zdroj zkuSenosti tolik potrebnych pro porozumeéni tuneldrské
profesi.

A co obdobi od roku 1990 do soucasnosti? Vyhry a prohry
Ceského tuneldrstvi. Co Té Stvalo? Co bys vyzvedl? Technici,
lidé na stavbdch tunelii, Tviij vztah k nim?

Porevoluéni obdobi je v§em dostateén¢ zndmé a z hlediska
podzemniho stavitelstvi bylo a je neobyCejné prinosné, a to jak
rychlym a dspé$nym prechodem na technologii razby Novou
rakouskou tunelovaci metodou, tak nebyvalym mnoZstvim
zahajovanych i dokoncovanych staveb. Pfipomenu obdobi
kolem konce roku 1997, které bylo pfimo tuneldfskym svat-
kem, nebot’ byly v tésném sledu dokonceny tfi vyznamné sil-
ni¢ni tunely — Strahovsky (po dlouhych a komplikovanych 10
letech vystavby), Hfebed (na pomezi Cech a Moravy)
a Pisdrecky (na prazské radidle v Brné). Je tfeba si uvédomit,
7e predchozim Casové nejbliz§im raZenym silniénim tunelem
byl jiz vzpominany Letensky tunel z roku 1953. Do soucasnos-
ti bylo od roku 1990 dokonéeno 11 silni¢nich tuneld.

Modernizace Zelezni¢nich koridora si vyZzddala dspé$nou
realizaci fady novych tunelu (zatim celkem 15), mezi nimi
i prvniho Zelezni¢niho tunelu raZzeného pomoci NRTM — tune-
lu Veprek blizko Kralup nad Vltavou (2002). Zelezni¢ni tunel
Brezno nastésti na Zddném koridoru nebyl, protoZe jeho razba
technologii nevyzkousenou a tvrdosijné prosazovanou financu-
jici organizaci Severogeskych dolu skonéila havarii nebyvalé-
ho rozsahu (2003).

Téch dil¢ich nedspéchu pii razbach bylo bohuZel vic — tunel
Hrebed (1995, 1999), kolektor Vodic¢kova (2005), tunel
Jablunkov (2008,2009), tunel Blanka v dseku pod Krédlovskou
oborou (5/2008, 10/2008), tunel Blanka v dseku Myslbekova
(2010). Je samoziejme nejlepsi se vzniku mimorddnych uda-
losti vyhnout, ale pokud k nim dojde, je objektivni zhodnoceni
(provede se vzdy?) jejich pfi¢in velkym zdrojem pouceni, stej-
né tak jako viceméné vzdy origindlni postup pri provadéni
sanacnich praci.

Co mé Stvalo? Vzdycky mné byly proti srsti zejména
obstrukce a prosazovdni partikuldrnich zdjma jednotliveu &i
skupin, které vystavbu tuneld v silni¢ni ¢i ddlni¢ni siti prova-
zely — napf. Strahovsky tunel, Mrazovka, Valik, Prackovice
a Krdlovopolsky tunel si toho mnoho vytrpély od umanutych
kritiku a7 kverulantu. Ani prodlouZeni linky A metra toho
nebylo uSetfeno. Vyvrcholenim mé frustrace jsou soucasné
magistrdtni tanecky kolem dokonceni tunelového komplexu
Blanka a plateb za provedené prace.

my friend Ing. Ale§ Zapletal); the design and structural analy-
sis for the temporary support of the bifurcation chamber on the
connection between the Line A and Line C. The Line B — col-
laboration on the excavation of tunnels in the Smichov —
Jinonice section (jointly with Ing. Rys).

In addition to the metro, our activities also related to railway
tunnels — the bifurcation and design for the lining of two tubes
of the 3rd Vinohrady tunnel (jointly with Ing. Krejcarek); the
liquidation of the Chocen tunnel; the design for a momenless
centre line and the measurement of pressures on the tunnel
lining realised using the BEBO system on the relocated
Sokolov — Chodov track; road tunnels — calculations of defor-
mations above the southern portal of the Strahov tunnel an also
utility tunnels, sewers and purpose-built galleries — structural
analysis of the lining of primary utility tunnels in Prague and
Brno; structural solution for the lining for Westfalia Liinen
mechanised shield with the calculation of deformations during
its passage under the D1 motorway; the design for the lining of
a drainage gallery at the Czechoslovak Army’s large scale
mine and measurements of pressures induced by loads exerted
by an increased-height inner dump.

There were many more similar activities and they represen-
ted an extensive source of experience so needed for the under-
standing of the tunnel construction profession.

And how about the period from 1990 till now? Wins and los-
ses of the Czech tunnelling industry. What did annoy you?
What would you praise? Technicians, people on tunnel con-
struction sites? Your relationship to them?

The post-revolution period is sufficiently known to everybo-
dy and, as far as the underground construction industry is con-
cerned, it was exceptionally conductive, both by the quick and
successful transition to the New Austrian Tunnelling Method
and by the unusual quantity of commencing and finishing pro-
jects. I will mention the period around the end of 1997, which
was downright tunnellers’ feast because three important road
tunnels were completed in a close succession — the Strahov
tunnel (after the long and complicated 10 years required for
the development), the Hrebe¢ tunnel (on the border between
Bohemia and Moravia) and the Pisarky tunnel (on the Prague
radial road in Brno). It is necessary to realise that the previous,
in terms of time the closest, mined road tunnel was the above-
mentioned Letnd tunnel from 1953. To the present time 11 road
tunnels have been completed since 1990.

The modernisation of railway corridors required successful
realisation of a number of new tunnels (15 till now), among
them also the first railway tunnel driven using the NATM — the
Veprek tunnel near the town of Kralupy nad Vltavou (2002).
Fortunately, the Bfezno railway tunnel was not located on
a corridor line. The excavation of this tunnel using
a technology which had never been tried in the CR, which had
been stubbornly insisted on by the financing organisation
(North Bohemian Mines) ended by an unprecedented extent
collapse (2003).

Unfortunately, there were more partial failures in the exca-
vation of tunnels - the Hrebed tunnel (1995, 1999), the
Vodickova utility tunnel (2005), the Jablunkov tunnel
(2008,2009), the Blanka tunnel in the section under Kralovska
Obora (5/2008, 10/2008), the Blanka tunnel in the Myslbekova
section (2010). Of course, the best way is to avoid the origina-
tion of extraordinary events, but once they happen the objecti-
ve assessment (is it carried out always?) of their causes, as
well as the, more or less always original, procedures of reha-

bilitation, provide great lessons.



Na vet§iné tunell z tohoto obdobi jsem v néjaké formé parti-
cipoval — jako expert investora, expert dodavatele, ¢len tech-
nické rady, ¢len rady monitoringu, ¢len rady vystavby, pfipadné
jako konzultant ¢i soudni znalec. Nékdy bylo t€zZké tyto exter-
ni zdjmy Casové skloubit s dal$imi ukoly, ale pfimy kontakt
s praktickymi problémy tunelového stavitelstvi a soucasné
s lidmi, ktef{ je prubéZné fesi, mé neustdle odborné velmi obo-
hacuje.

Jeste jedna otdzka tykajici se tuneli. Ktery ze svétovych
tunelui T¢ nejvice zaujal &i je Tviij nejoblibenéjsi?

Moc tézk4 otdzka. J4 mam afinitu ke v§em tunelum, které
znam, i k tém, o kterych jsem jenom Cetl nebo slysel. Ale n¢jak
chci odpovédét. Velmi mné imponuje, 7e Svycafi svij mega-
projekt NEAT a obrovské penize na n¢j dokdzali nejen odhla-
sovat jako prospesny pro celou zem, ale také projekt dovadeji
do uspésného konce. A konkrétné — zpusob, jakym se dokdzali
vyrovnat s obrovskou hrozbou ztekucené vyplné poruchy Piora
pri razbé Gotthardského bazového tunelu, svédéi o tune-
larském mistrovstvi.

Nebylo dost zdiraznéno, jak jsi dokdzal skloubit svou odbor-
nost s praxi, svou teoretickou zdatnost s praktickym pristupem
k FeSenim dennich i mimorddnych problémui razeb tunelii. Toho
si mimorddné cenime.

Ale ani Tviij osobni Zivot ndm nesmi spadnout pod stil. Co

Té v Zivote bavilo a bavi? Jisté nezapomene§ na sport véetné

,,Zelezného muZe“.

Soukromi odbudeme, stejné je ten rozhovor jiz moc dlouhy.
Stdle mé bavi ma prace, pedagogickd i odbornd, dokud to
pujde, chci byt uzite¢ny. Dlouhy triatlon jsem doopravdy pro-
vozoval, 4x méné béznou verzi 2-20-200 km, 6x klasiku
3,8—-180—42 km, ale uz je to davno. Afinita k cyklistice mé vSak
dosud neopustila, rdd hraji tenis a lyZzuji. Jsou mista, kde uz
mohu jezdit na lanovkach zadarmo. Nevim, jestli mé to vic
tési, nebo deprimuje.

Jsi mistopredseda CzTA ITA-AITES. Pro¢ v asociaci pusobis?

Vzdy jsem se snazil v této nepolitické organizaci profesné
stejné zaméfenych odborniki pusobit zejména v oblastech
blizkych mym eduka&nim sklonum — v piipravé konferenci, pfi
vyddvéani Casopisu TUNEL a tvorbé Dokumenti CzTA. Tu
prvni oblast jsem jiZ opustil a bylo to sprdvné rozhodnuti.
Mnohokrdt jsem piedsedal pfipravnym vyborum oblibenych
konferenci Podzemni stavby Praha, po WTC 2007 tuto Stafetu
prevzali mladsi kolegové (Ing. Butovi¢ a Ing. Hilar) a se svymi
spolupracovniky maji skvélé vysledky. Na tvorbé Dokumentu
CzTA se rad podilim, jsou to pou¢né koncentrované vystupy
pro ¢leny nasi asociace. V ¢asopise TUNEL se angazuji dosud,

€. 2/2014
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What did annoy me? First of all the obstructions and pressing
particular interests of individuals or groups which attended the
development of tunnels on road or motorway networks were
always against the grain to me — e.g. the Strahov tunnel,
Mrazovka, Valik, Prackovice and Kralovo Pole tunnels suffered
a lot from obsessive critics, even grumblers. Nor the extension of
the Line A was spared these problems. The current City Hall’s
dancing around the completion of the Blanka complex of tunnels
and payments for completed work are the culmination of my
frustration.

I participated in some form in the majority of the above-menti-
oned tunnels — in the position of project owner’s expert, contrac-
tor’s expert, a member of a technical board, a member of
a monitoring board, a member of a construction board or
a consultant or an authorised expert. It was sometimes difficult to
combine in terms of time these external interests with other obli-
gations, but direct contacts with practical problems of the tunnel
construction engineering and with the people who continually
solve them permanently have enriched me.

Another question relating to tunnels. Which of the world’s
famous tunnels has captured your interest most of all or is your
most favourite?

This is a very difficult question. I feel an affinity for all tunne-
Is I know, even those I have only read about or heard of. Anyway,
I want to give you some answer. I am very impressed by the fact
that the Swiss managed not only to vote in favour of their NEAT
megaproject and the required huge cost considering it to be
a project beneficial for the whole country, but also that they are
bringing it to a successful conclusion. And concretely — the way
in which they managed to cope with the great threat of the lique-
fied filling of the Piora Fault encountered during the excavation
of the Gotthard base tunnel is a proof of tunnelling mastery.

It has not been stressed enough how you managed to combine
your expertise with the practice and your theoretical capacity
with the practical approach toward solving the daily as well as
extraordinary tunnel excavation. This is what we especially app-
reciate.

But your private life also must not be omitted. What has enjoy-
ed you in your life? I am sure that you will not forget sports inc-
luding the “Iron Man” .

We will brush privacy off, this discussion is already too long
even without it. I still love my work, both teaching and professio-
nal. I want to be useful as long as possible. It is true that I used to
attend long triathlon events, 4 times the less common 2—-20-200km
version and 6 times the classical 3.8—180—-42km version, but that
was a long time ago. Nevertheless, the affinity for cycling has not
abandoned me yet; I like to play tennis and ski. There are places
where I already can ride funiculars free of charge. I do not know
whether it gives me more joy or more depression.

You are the vice-chairman of the ITA-AITES CzTA. Why are you
active in the association?

It has always been my effort to work in this apolitical organisa-
tion of professionally equally oriented professionals, first of all in
the areas close to my teaching inclination — the preparation of
conferences, publication of TUNEL journal and development of
the CzZTA Documents. I have already abandoned the first area and
it was a right decision. I chaired steering committees of the favou-
red Underground Construction Prague conference many times.
After the WTC 2007, younger colleagues took this baton over
(Ing. Butovi¢ and Ing. Hilar) and the results they achieved toget-
her with their collaborators are excellent. I enjoy my participation
in the development of the CzZTA Documents; they are enlightening
concentrated outputs for members of our association. I continue to
engage myself in TUNEL journal, but after you, my long-time fel-
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ale poté, co jsi skon¢il Ty, maj dlouholety souputnik v redak&ni
radeé, tak pomalu za¢indm premyslet o tomtéz — predsednictvi
v RR asi brzy vlozim na bedra nékoho mladsiho, ja na nich

mam obtizné bfemeno svych 75 let.
Priteli Milo, deékuji za trpélivy poslech.

S profesorem Jifim Bartdikem s radosti
a vdécnosti hovoril Ing. Miloslav Novotny,
drivejsi sekretdr CzTA ITA-AITES

low-traveller, ended your work in the Editorial Board, I have gra-
dually started to think about the same. I will probably burden
somebody younger with the EB chairmanship. My personal bur-
den is my age of 75.

My dear friend Mila, let me thank you for your patient listening.

The interview with Professor Jiri Bartik was conducted with
joy and gratefulness by Ing. Miloslav Novotny,
the former secretary of the ITA-AITES CzTA.

BLAHOPREJEME ING. PAVLU MARIKOVI K 85. NAROZENINAM
CONGRATULATION TO 85™ BIRTHDAY OF ING. PAVEL MARIK

Ing. Pavel Marik, n€kdejsi dlouholety &len
redakéni rady Casopisu TUNEL, oslavil 15. 5.
2014 své 85. narozeniny. V TUNELU 2/2009
mu k narozenindm blahopral Ing. M. Novotny
a v zasveceném ¢lanku priblizil celou Zivotni
drdhu Ing. Marika, kterd byla vyrazné pozna-
mendna radou déjinnych uddlosti védleéného
i povdle¢ného obdobi. Vpravdé osudové zdsa-
hy diktdtorskych rezimu do Zivota Ing. Mafika
budou stit nepochybné fadé ¢lent nasi asocia-
ce v ramci tiché gratulace znovu za pripome-
nuti a ¢islo 2/2009 si vyhledaji.

Velkd vétSina star§ich ¢&lend asociace si
Ing. Pavla Maiika z jeho odborného pusobeni velmi dobfe
pamatuje, mladS$i se spiSe setkdvaji se synem jubilanta
Ing. Liborem Marikem, ktery se ,,potatil a je také schopnym
a vykonnym projektantem podzemnich staveb.

Pfipomenme si par kli¢ovych ddaju z odborného pusobeni
jubilanta. V roce 1966 nastoupil do firmy PUDIS nejprve
jako projektant, v prubéhu let se stal feditelem stiediska.
Podilel se na projektu prazské podzemni tramvaje, po zmeéné
této puvodni podzemni koncepce hromadné dopravy pak
pokracoval na projektovani metra. Byl hlavnim inZenyrem
projektu stavebni ¢dsti stanice Muzeum na trase IC, budova-
né z povrchu v komplikované oblasti horni ¢dsti Vaclavského
namesti. Projektoval hloubeny TéSnovsky tunel, asi mnoha
pamétnikim zndmym pod oznalenim ,,Husdkovo ticho®,
ktery vyrazné prospél plynulosti pravobriezni dopravy
v oblasti predpoli Hldvkova mostu. Zdsadni je podil
Ing. Maiika na zpracovani vSech projektovych stupnu
Strahovského tunelu.

V roce 1993 zalozil vlastni projekén{ firmu IK (InZenyrské
konstrukce), kterd zpracovala casti realizacni dokumentace
Strahovského tunelu, v&etné provozniho fddu a digitdlni
dokumentace skutecného provedeni. Také projekt Smi-
chovského portdlu tunelu Mrdzovka vznikl ve firme 1K pod
vedenim Ing. Marika. Vyznamné bylo zaméfeni firmy na
projekty rekonstrukci — TéSnovského tunelu, pravobrezniho
Rasinova ndbrezi, ndbrezi E. BeneSe na levém brehu Vltavy.
MéI jsem prileZitost na nékterych z projektu firmy IK, a tim
primo s Ing. Marikem, spolupracovat. Velmi imponujici byl
jeho cit pro konstrukce, odborné znalosti, jasné technické
uvazovani a schopnost nezaujaté posuzovat ndpady svych
spolupracovnikd.

Uz témer pred 10 lety, v roce 2005, Ing. Marik ukoncil
aktivni praci ve stavebni firmé€, kterou pred 12 lety zalozil.
Jeho zasluhy o rozvoj podzemniho stavitelstvi v CR viak saha-
ji a budou sahat daleko za tento meznik. Jako jednomu
z prvnich ¢lent mu byla v roce 2009 udélena pamétni medaile

Ing. Pavel Marik, a former long-standing member
of the Editorial Board of TUNEL journal, celebrated
the 85th birthday on the 15th May 2014. Ing. M.
Novotny presented his wishes to his birthday in
TUNEL issue No. 2/2009, in an insider article giving
readers an idea of the entire life path of Ing. Marik,
which had been marked by series of historic events of
the war and post-war periods. The truly fateful inter-
ventions of dictator regimes into Ing. Marik’s life will
undoubtedly be worth remembering again for many
members of our association and finding the issue No
2/2009 again.

The large majority of older members of the associ-
ation very well remember Ing. Pavel Marik from his professional
work. Younger ones rather meet his son, Ing. Libor Marik, who fol-
lows in the footsteps of his father and is also a competent and potent
designer of underground structures.

Let us remember some key data on the professional work of the
toastee. In 1966, he entered PUDIS, first as a designer, and over the
years he became the director of a department. He participated in the
design for a light rail transit line (the so-called subsurface tram) and,
after this original underground concept had been abandoned, he pro-
ceeded on designing for the metro. He was the chief designer for the
civils part of Museum station on the Line IC, which was built from
the surface in the complicated area of the upper part of Wenceslas
Square. He designed the cut-and-cover TéSnov tunnel, probably
known to many witnesses under the name of “Husak’s Quiet”,
which significantly contributed to the fluency of traffic on the right
bank of the Vltava in the area of the Hldvkav bridge foreland. The
contribution of Ing. Marik in the preparation of all design stages of
the Strahov tunnel is crucial.

In 1993 he established his own designing firm IK (Inzenyrské
Konstrukce — Engineering structures), which carried out part of the
detailed design for the Strahov tunnel, inclusive of the operating
instructions and digital as-built documents. The design for the
Smichov portal of the Mrdzovka tunnel also originated in IK firm
under the leadership of Ing. Marik. The focus of the firm on designs
for reconstructions — of the TéSnov tunnel, the Rasin Embankment
on the Vltava right bank and the E. BeneS Embankment on the left
bank — was significant. I had the opportunity to collaborate on some
of IK firm’s designs directly with Ing. Marik. His feeling for struc-
tures, technical knowledge, clear technical thinking and ability to
assess ideas of his collaborators were very impressive.

It is nearly 10 years ago that Ing. Marik terminated his active work
in the construction firm he had established 12 years ago.
Nevertheless, his contributions to the development of the underg-
round construction industry in the Czech Republic are reaching and
will reach far beyond this landmark. As one of the first members, he
was awarded the memorable medal by our association in 2009. The



na$i asociace, na zasedani predsednictva 25. 4. 2014 byl
schvédlen ndvrh Ing. Pavlu Marikovi udélit ¢estné Clenstvi
v CzTA. Gratuluji k tomuto ocenéni a pripojuji se, a ne-
pochybné za mnoho dal3ich ¢lenu asociace, s upfimnym pra-
nim zdravi a pohody nejen ke dni vyznamnych narozenin, ale
i do mnoha dalsich let.

PROF. ING. JIRI BARTAK, DrSc.
predseda redakéni rady,

mistopredseda CzTA

23. rocnik - €. 272014

proposal to give Ing. Pavel Marik an honorary membership in the
CzTA was approved at the Board meeting on 25/04/2014. It is
a pleasure for me to congratulate him on this appreciation and join in,
undoubtedly also on behalf of many other members of our associati-
on, with a cordial wish of good health and comfort, not only on the
day of this important anniversary, but also in the many years to come.

PROF. ING. JIRI BARTAK, DrSc.
Chairman of the Editorial Board,
Vice-Chairman of the CzTA

PRIPOMINKA JUBILANTA A SPECIALNI TECHNOLOGIE
REMINISCENCE OF THE TOASTEE AND SPECIAL TECHNOLOGY

V roce 2013 se dozil vyznamného jubilea sedm-
desati let inzenyr Stanislav Kucik z Ostravy, ktery
po nékolik desetileti rozvijel v ramci podniku
OKD, DPB Paskov (dnes Green Gas) velmi speci-
alizovany obor podzemniho stavitelstvi, kterym je
velkoprumérové vrtani. Domnivdm se, Ze stoji za
to si pripomenout jak jubilanta, tak i tento zajima-
vy podobor.

Stanislav Ku&ik pusobil cely svuj profesni Zivot
v jediné firmé, kde vystfidal fadu provoznich
a technickych funkci. Je dnes uz celkem jedno, jak
se tyto pozice presné jmenovaly, ale duleZité je hlavné to, Ze
velkou ¢ast své kariéry vénoval prave velkoprofilovému vrtani.
Tuto technologii vlastné v Ceské republice zavadél, inovoval
a zlepSoval, pripravoval realizaci fady projektu, které pak
ndsledné sam fidil a vyhodnocoval. Tak se nakonec vypracoval
v jednoho z nejuzndvané;jsich odborniku v této profesi v Evropé
a mozna na svete. Vzdyt i takové firmy jako Wirth nebo
Robbins s nim konzultovaly detaily konkrétnich feSeni, napfi-
klad vyuZzivani fotogrametrie, zpusob vyztuZovani predvrtua,
stabilizace stén a dalsi.

Pfipomenme si jesté, Ze v oboru velkoprumérovych vrta ma
Stanislav Kuc¢ik na svém konté stovky projekta jak v dulnich
podminkach, tak i v podzemnim stavitelstvi. Z téch nejzajima-
véjSich bych jmenoval predvrty pro hloubeni vétracich jam
tuneld Saukopf a Hausach v Némecku, vrtdni komint pro hyd-
roelektrarny v Turecku, Recku, ¢i §panélsku nebo odvodnova-
ci §ikmy vrt jako protipovodiové opatieni ve Svycarsku.
Poslednim projektem pred odchodem do dachodu bylo pro
Standu vrtani kabelové Sachtice pro dédlni¢ni tunel
v Klimkovicich o priméru 2 m.

Je tedy ziejmé, Ze duleZitost této profese se nijak nezmensu-
je. (Naopak, vSichni mame jesté na paméti zachranu chilskych
horniku z roku 2010, kterd by bez velkoprumérového vrtani
nebyla mozna.) Je proto dobre, Ze v podniku Green Gas nejen-
Ze dosud existuji stroje (na pfiklad TURMAG nebo Wirth HG
210 a dalsi), které Stanislav Kuéik kdysi nakupoval a zavadél.
Navic se postaral i o to, aby zkuSenosti s provadénim téchto
praci prevzali jeho mladsi kolegové, takze obor velkoprofilo-
vého vrtani — prestoze jeho vyuZiti nijak asté nebyva — u nés
rozhodn¢ bude existovat dal.

Nezbyva nez poprat Stanislavu Kucikovi hodné zdravi
a doufejme, Ze s nim i s problematikou velkoprofilového vrta-
ni ¢i Raise boringu se budeme minimélné na konferencich
a v odbornych publikacich setkavat dal.

ING. KAREL FRANCZYK, Ph.D.

In 2013, Stanislav Kuc¢ik from Ostrava celebrated
the important seventieth anniversary of age. He had
been developing for several decades large-profile
boring, which is a very specialised branch of the
underground construction industry, within the frame-
work of OKD, DPB Paskov (today Green Gas Dpb).
I suppose that it is worth reminding us of both the
toastee and this interesting sub-branch.

Stanislav Kucik worked throughout his professional
life in a single company, where he worked in many ope-
rating and technical positions. The names of these posi-
tions are today no more important. The important thing is that he has
dedicated a significant part of his career to the above-mentioned large-
profile boring. As a matter of fact, he introduced this technology in the
Czech Republic, innovated and upgraded it. He prepared the realisati-
on of numerous projects and personally managed and assessed it. In
this way he finally became one of Europe’s and possibly even world’s
most renowned specialists in this profession. After all, even such
firms as Wirth or Robbins consulted with him details of specific solu-
tions, for example the use of photogrammetry, the system of suppor-
ting pilot holes, stabilisation of borehole walls and others.

Let us remind us of the fact that in the field of large-diameter
boreholes Stanislav Kucik has hundreds of projects to his credit,
both in mining conditions and in the underground construction
industry. Of the most interesting ones, I would mention pilot holes
for the sinking of ventilation shafts for the Saukopf and Hausach
tunnels in Germany, boring for chimneys for hydropower plants in
Turkey, Greece and Spain or an inclined drainage borehole as
a flood prevention measure in Switzerland. Standa’s last project
before retirement was boring for a 2m-diameter cable shaft for the
Klimkovice motorway tunnel.

It is therefore obvious that the importance of this profession by no
means diminishes. (Just the opposite; all of us still remember the
rescue of Chilean miners in 2010, which would have been impos-
sible without large-diameter boring.) It is therefore a good thing that
Green Gas still owns the machines (for example TURMAG or Wirth
HG 210 etc.) that were purchased and introduced in the past by
Stanislav Kucik. In addition, he arranged for handing the experien-
ce with the execution of these operations over to younger colleagu-
es. Owing to his efforts the large-diameter boring branch, despite the
fact that it is not used too frequently, will certainly exist in the Czech
Republic in the future.

We can only wish Stanislav Kuc¢ik good health and hope that we
will continue to meet him and problems of large-diameter boring or
raise boring at least at conferences and in technical publications.

ING. KAREL FRANCZYK, Ph.D.
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9. 5. 1974 ZAHAJENI PROVOZU PRAZSKEHO METRA - 40 LET
9TH MAY 1974 — PRAGUE METRO INAUGURATION - 40 YEARS

The first operational section of the Prague Metro Line C
was ceremonially brought into service forty years ago, on
Thursday the 9th May 1974. It was a historic milestone for
the urban mass transit system in Prague. The ribbon-cutting
ceremony, symbolically bringing Prague metro into service,
took place at 9:19 a.m. After the conclusion of the official
part of the event, at 11 a.m., the metro stations were crow-
ded with tens of thousands of curious Prague citizens. The
first metro section was 7.127m long. However, the 350m
long connection track to the Kacerov depot and the extensi-
ve depot railyard with a testing track, the stabling track at
Prazského Povstani station (175m) and crossover tunnels
for reversing trains at Sokolovska, Prazského povstani and
Kacerov stations must be added to this length. There were 9
stations on the Line: Kacerov, Budéjovicka, Mladeznicka
(today Pankric), Prazského povstdni, Gottwaldova (today
Vysehrad), I. P. Pavlova, Muzeum, Hlavni nadrazi and
Sokolovska (today Florenc).

Prazanum i nav§tévnikum Prahy dnes pfipadd metro jako
nedilnd soucdst Prahy, jako samozrejmost, bez které by se
nemohli v Praze pohybovat. Presto je to teprve 40 let, kdy
se projeli cestujici prvni linkou prazského metra. Pamétnici,
a ani ne tak star$i, pamatuji hlavni mésto jen s tramvajemi
a autobusy. Postupnd vystavba jednotlivych tdseku tras
metra dala Praze novou tvar.

Nikomu nepfijde divné, Ze se pohybuje v podzemi.
Vlakem metra projizdi tratové tunely, peésky nebo za pomo-
ci eskaldtort se pohybuje po stanicich, na prestupech jedno-
tlivych tras, a to jeste navstévnik nevidi dals{ technologické
prostory metra. V8e, co se v podzemi nachdzi, se muselo
vyprojektovat a zrealizovat, ale tak, aby dopravni sit’ pod-
zemni 1 povrchova fungovaly pro dopravni tcely jako celek.

Vrétime-li se zpét k mySlenkovym prvopocatkim pod-
zemni drdhy v Praze, jsme u 2. ¢ervna 1898, kdy majitel
slavné prazské zelezarské firmy Ladislav Rott piSe méestské

Obr. 1 ZkuSebni souprava 1010+1020 u sluZebniho ndstupiste u obratovych
koleji stanice Kacerov v lednu 1974 7 depa k tomuto ndstupisti tehdy jesté
vlaky nemohly jet vlastni silou, ale prepravoval je sem lokotraktor

Fig. 1 Testing train 1010+1020 at the service platform at the dead-end tail
tracks of Kacerov station in January 1974. At that time trains could not run
under their own power from the depot to this platform; they were moved to
this location by a diesel tractor

radé Kralovského hlavniho mésta Prahy, aby uvazovala
o zfizeni podzemni drdhy. Navrhuje spojeni Karlina
s Podolim a Malé Strany s Vinohrady. Mésto Praha tehdy
ndvrh stroze odmitlo, ale tento ndvrh nebyl na$tésti posled-
nim. Po dil¢ich névrzich zpracovali Ing. List, profesor
Ceské techniky v Brné, a Ing. Belada v prosinci roku 1926
projekt nazvany ,,Studie rychlé méstské drdhy — metro —
v Praze.* Jejich reSeni pocitalo se siti ¢ty podzemnich trati
o celkové délce 20,4 km. Smérovd podoba navrhované sité
se zna¢né podobala dne$nimu systému. PfestoZe byl ndvrh
vedenim Elektrickych podnika (dne$ni Dopravni podnik
hl. m. Prahy) odmitnut, zacaly se jednotlivé projekty zpra-
covavat. Pamétni deska Ing. Lista a Ing. Belady je umisténa
ve vestibulu stanice metra Muzeum.

Béhem 2. svétové védlky a v povdle¢nych letech vznikly
dal$i navrhy, které vétSinou smerfovaly k feSeni podpovr-
chové tramvaje. V roce 1963 doporucil Prazsky projektovy
ustav jako vyhodnéjsi dopravni systém podpovrchovou
tramvaj. Dne 7. ledna 1966 zacala vystavba podpovrchové
tramvaje. SouCasné ale probihala diskuse mezi zastdnci
podpovrchové tramvaje a klasického metra. V cervnu
a cervenci 1967 byl znovu posouzen navrzeny systém
MHD. Vysledkem bylo usneseni vlady CSSR z 9. srpna
1967 — misto podpovrchové tramvaje bude metro. Ndsledne
se rozjely nové projekcni price a generdlnim dodavatelem
stavebni Cdsti prvni trati prazského metra se v lednu 1968
stal ndrodni podnik Vodni stavby, ktery ve svém ramci zfi-
dil samostatny zdvod Metrostav.

Dne 20. ledna 1969 byla zahdjena razba prvniho tunelu
metra mezi dneSnimi stanicemi PraZského povstani
a VySehrad. Od té doby uplynulo do letoSniho roku 45 let.
Stavebni prace na prvnim tdseku prazského metra pochopi-
teln€ probihaly na vice mistech soucasné. Budovalo se osm
hloubenych a jedna povrchové stanice (Gottwaldova, dnes
Vysehrad). Tunely se stavély v nékterych tsecich hloubené,
tedy z povrchu v oteviené jame, z vetsi Casti vSak byly raze-
né. Cést raZzenych tuneld se stavéla razicim $titem sovétské
vyroby, ¢dst pak prstencovou metodou pomoci erektoru.
RaZby tunelu probihaly az do srpna 1972. Hloubené tunely,
CasteCné dvoukolejné, byly vybudovdny v dseku
Vrchlického sady — Muzeum (v&etn€ stanic Hlavni nadrazi
a Muzeum), dale na obou predmostich mostu pres Nuselské
udoli a ¢ast useku u stanice MladeZnicka (dnes Pankrac).
Nuselské tdoli trat’ prekondvala v tubusu mostu, druhy krat-
§1 most byl postaven na Kacerové.

Ndvazné na prace na vystavbé tunelu a stanic pokradova-
la montdz vSech ostatnich technologickych zafizeni
a kolejového svrsku. Dne 4. ledna 1973 projel po tratové
koleji z Kacerova na pankracké podmosti Nuselského mostu
pracovni vlak s prazskym primatorem dr. Zdenkem Zuskou.

»Den 1. Cervenec 1974 se stane historickym datem v de-
jindch prazské dopravy — bude otevien prvni provozni tisek
trasy C prazského metra pro verejnost. Po létech pldnovdni,
budovdni, a také pochybnosti, se PraZané konecné dockaji
podzemni drdhy,* psalo se v informacnim materidlu, ktery
vydalo oddéleni propagace Dopravniho podniku hl. m.
Prahy—Metro v Cervenci 1973. I kdyZ do dokonceni stavby
zbyvalo hodné prace, zaCala pomalu i priprava verejnosti na
zasadni zmeény, které se v roce 1974 v systému prazské




Obr. 2 Prejimka prvnich vozu po praZské metro na hranicich, vozy metra se
prepravovaly do Prahy po vlastni ose v ramci zvldstniho vlaku

Fig. 2 Taking over first cars for the Prague metro on the border; cars were
transported to Prague on their own wheels, forming special trains

mestské hromadné dopravy odehraji. Jak byvalo v této dobé
zvykem, prijaly organizace zajistujici vystavbu metra sdru-
Zeny socialisticky zdvazek, Ze provoz na prvnim provoznim
useku metra bude zahdjen mnohem drive, nezZ se pldnovalo,
— 9. kvétna 1974. Aby nebyly ohroZeny terminy dokon&eni
komplikované stavby, zahdjil uz 16. fijna 1973 odbor
vystavby Ndrodniho vyboru hl. m. Prahy dlouhé kolaudacni
fizeni. Stejny den, kdy bylo zahdjeno kolaudacni fizeni,
tedy 16. rijna 1973, dorazil do Zelezni¢ni stanice Praha-Kr¢
zvlastni vlak z Mytis¢inského strojirenského zdvodu, jehoz
souddsti bylo prvnich Sest vozu metra.

To uz se vSude finiSovalo, protoze se bliZil vladni termin
zahdjeni zkuSebniho provozu bez cestujicich — 1. leden
1974. V tunelech probihaly posledni pfipravy. V sobotu 22.
prosince se uskuteCnila jizda ,.kolaudaénim geodetickym
vozem™ v uUseku Kacerov — Prazského povstani, 27. prosin-
ce pak ve zbyvajicim tseku stanice Sokolovskd. Dne 22.
prosince v noci projel poprvé vlak metra isekem Kacerov —
Prazského povstdni. Generdlni feditel Dopravnich podnika
hl. mésta Prahy Ing. Mikul4§ Lacek tak mohl vydat pfikaz
k provedeni ovérovaci jizdy. Cilem ovérovaci jizdy bylo
ovéfeni prujezdnosti trasy a provozuschopnosti rozhoduji-
cich zafizeni pro jizdu vlaku, sestaveného z vozidel metra
typu ECs na celém prvnim provoznim dseku trasy C metra.

Obr. 4 Stavba stanice VySehrad
Fig. 4 Construction of VySehrad station
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Obr. 3 Stanice Muzeum s trivozovou soupravou ECs smeéfujici na Kacerov
Fig. 3 Muzeum station with the ECs three-car train heading toward Kacerov

Termin ovérovaci jizdy byl stanoven na 29. prosince 1973
ve 3.00 rdno. Souhlas s provedenim jizdy vyslovil 29. pro-
since 1973 i odbor vystavby Narodnitho vyboru hlavniho
meésta Prahy. Pro mnohé z téch, ktefi se na pripraviach pro-
vozu metra podileli, to byl moZna jesté duleZitéjsi okamzik,
neZ pozdé€jsi vlastni slavnostni zahdjeni provozu. Na zdkla-
dé predloZenych dokumenta a protokolu o provedeni ovéfo-
vaci jizdy na I. provoznim useku trasy C metra dne 29. 12.
1973, ktera prokdzala jeho pripravenost a provozu-
schopnost, mohl byt zahdjen zkuSebni provoz na prvnim
provoznim tdseku trasy C metra. Dne 2. ledna 1974 v pul
devaté dopoledne se pak uskutecnila oficidlni zahajovaci
jizda.

Blizil se ,,den D*. Ke konci se chylila i prdce kolauda¢ni
komise, ve sdélovacich prostfedcich vrcholila kampan pro
vetrejnost. Zprovoznéni prazského metra se stalo daleZitou
politickou akci. V prvnim dubnovém tydnu se uskute¢nily
dynamické zkouSky Mostu Klementa Gottwalda (dneSniho
Nuselského mostu) pomoci raketovych motort, mechanic-
kych budi¢u, jizd naloZenych nédkladnich automobila Tatra
T148 a samoziejmé také vozu metra. Dne 12. dubna 1974
provedla hlavni kolaudaéni komise na zavér své Cinnosti
v ramci technicko-bezpecnostni zkousky zkuSebni jizdu
a konstatovala, Ze trat je pripravena k bezpetnému

Obr. 5 Vystavba stanice Budéjovickd
Fig. 5 Construction of Budéjovickd station
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Obr. 6 Stavba stanice Kacerov
Fig. 6 Construction of Kacerov station

Obr. 7 Propagacni snimek na téma: Kdyz nezaplatite, turniket vds nevpusti do
metra

a plynulému provozu bez cestujicich. Dne 6. kvétna 1974 se Fig 7. Promotional picture on the topic: If you do not pay, the turnstile will
uskute¢nila posledni tdfedni zkuSebni jizda a o den pozdéji not let you in the metro

vydal odbor vystavby NVP souhlas se zahdjenim provozu

s cestujicimi od 9. kvétna 1974.Vsechno bylo pfipraveno. Prvni dsek metra mél stavebni délku 7,127 km (méfeno

v levé tratové koleji traté 1.C). K tomu ale patii jesté 350 m
dlouha spojka do depa Kacerov a vlastni rozsahlé kolejiste
., L, . . . depa se zkuSebni trati, odstavna kolej u stanice Prazského
nim provoznim udseku traté C prazského metra. Nastal his- . . . . 2
L . . S , | povstani (175 m) a kolejové spojky pro obraceni vlaku ve
o el ezl V lvnst(v).rvu fne/stske hr?madne dopr‘avy stanicich Sokolovskd, Prazského povstdni a Kacerov. Na
v Praze. Slavnostni prestrizeni pasky, kterym se symbolicky trati bylo 9 stanic: Kagerov, Budéjovickd, Mlddeznickd

Ve Ctvrtek 9. kvétna 1974, v devét hodin dopoledne, zapo-
¢alo ve stanici Kacerov slavnostni zahdjeni provozu na prv-

provoz prazského metra zahajoval, se uskute¢nilo v 9 hodin (dnes Pankréc), Prazského povstdni, Gottwaldova (dnes
19 minut. Po skonceni oficidlni ¢asti akce, v 11 hodin, se Vysehrad), I. P. Pavlova, Muzeum, Hlavni nddrazi a So-
stanice metra zaplnily desetitisici zvédavych Prazanu. kolovskd (dnes Florenc). Provoz metra fidil provizorni
K prilezitosti prvniho dne provozu byly vydéany zvlastni jiz- vlakovy a energeticky dispecink umistény ve stanici
denky, opravnujici k hodinovému pobytu v prostorach I. P. Pavlova. Odbavovani cestujicich se uskute¢novalo
metra. Druhy den pak uZ byl béZnym provoznim dnem nové pomocf turniketd.

souldsti systému prazské méstské hromadné dopravy. Prvni provozni tsek trasy C metra byl uveden do provozu

a jiz byl rozestavén I. dsek trasy A metra. Ten byl otevien
12. 8. 1978. Nasledovaly dalsi tseky metra na trase C,
A a nové trase B. K dneSnimu dni je v provozu 57 stanic
a skoro 60 km prazského metra.

Hlavni mésto Praha v rozvoji prazského metra pokracuje.
Na jare pristiho roku by mely byt zprovozneény dals{ 4 sta-
nice patého provozniho useku trasy A metra ze stanice
Dejvickda az do stanice Nemocnice Motol. Pripravuje se
i novd trasa D metra, na jejiZ prvni ¢ést, v iseku Namésti
Miru - Pisnice, je zpracovana projektovd dokumentace
a uzemni rozhodnuti nabude pravni moci v nejbliz§i dobé.

Kde bychom dnes s cestovanim po Praze bez podzemni
dopravy, bez prazského metra byli, to si jiz opravdu tézko
muZeme predstavit.

- ING. JOSEF KUTIL, kutil@ids-praha.cz,
Obr. 8 A to uZ je 16. Fijen, Zeleznicéni stanice Praha-Kr¢, jak psaly noviny, prv- IDS a. s

nimi obdivovateli novych vozu byli Zelezniédri

Fig. 8 This is already the 16" October at Praha-Kr¢ railway station. As writ- Foto archiv DP hl. m. Prahy, a.s.
ten in newspapers, railway people were the first to admire the new cars Photo courtesy of DP hl. m. Prahy, a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S ZELEZNICNIMI TUNELY V MORAVSKEM SVYCARSKU
PICTURE POSTCARDS SHOWING RAILWAY TUNNELS IN MORAVIAN SWITZERLAND

Obrtany

Partie u prvniho tunelu

Obr. 1 ObFany. Partie u prvniho tunelu. Po roce 1 908 - podle textlf na po‘hle.d-
nici tésné pred nebo na pocdtku 1. svétové vdlky. Nakl. M. Belfese, p(?elrnfc-
tvi ObFany. [sbirka autorii] Cenny brnénsky empirovy Ivmrtal bvyl JiZ pred
rokem 1988 zapsdn na seznam kulturnich pamdtek. PFi prestavbé tun.eluv byl
kamenorez rozebrdn na jednotlivé ocislované kvddry a bylo v plz/inu Jjej nfkdf
opét postavit. Dodnes viak neni jasné misto a ticel nového vztycefu.
Navrhovdno bylo osazeni portdlu do jiného tunelu, monument v aredlu
bruénské Vaiikovky nebo oblouk s hodinami v Brne. V rozebral?ém) stav'u,‘
stile pamdtkové chrdnén, se nachdzi u kolejiste v Bflblf{ff ulici
v MaloméF¥icich. Nérodni pamdtkovy tistav jej Fadi mezi nejohroZen¢jsi nemo-
vité pamdtky. PFi revizi v roce 2010 zjistil majitel (SZDC), Ze na misté se
nachdzi stdle témér viechny dily [4] '

Fig. 1 Obfany. Scenery at the first tunnel. After 1908 — aL:cordmg to the text
on the picture card it was taken just before or at the beginning of World Wa.r s
Publisher M. Benes, stationery Obfany. [authors’ collection] The precious
Empire-style Brno portal was a listed cultural monument alr?ady before
1988. During the tunnel reconstruction the masonry layout was dismantled to
individual numbered blocks and it was planned that it would be reassembled
somewhere else. The location and purpose of the new installation is however
unclear till now. The installation to another tunnel, the monument on the
grounds of the Vaiikovka plant in Brno or an arch with a clock in Brno were
proposed. Still historically protected, it is found in a dismantlez? state near the
railway track in Babickd Street in Maloméiice. The National Heritage
Institute ranks it among the most endangered immovable monuments.
During the 2010 examination, the owner (the Railway Infrastructure
Administration, state organisation) found out that there are nearly all com-
ponents still available in the location [4]

The second part of the series dedicated to historic picture
postcards showing tunnels this time brings postcards from the
region which was referred to as the “Moravian
Switzerland/Mihrische Schweiz”, which is the area of the
Svitava River valley near Brno and today’s Moravian Karst.
There are many period picture postcards showing the structures
which are so characteristic for the landscape in the Svitava
River valley — the portals of tunnels on the Brno — Ceska
Trebova railway line passing across this area. The construction
work on the most complicated, 21km long, section from
Malomérice to Blansko commenced in the autumn of 1843. It
was necessary to excavate ten tunnels at the aggregate length of
1772m in this area. The excavation advance rate corresponded
to the system which we today mark as the old Austrian tunnel-
ling approach. The average daily advance rate amounted to
0.22m; it was only 0.16m in the longest and most difficult Novy
Hrad Castle tunnel. After over 150 years of operation, all tunne-
Is have passed reconstruction. Two of them were removed
during the history (tunnel No. 5/Ronov — 85.74m long, 1971-
1975, and tunnel No. 6 /Adamov — 67m long, 1982-1986) and
one new tunnel was broken through (tunnel No. 8/2).

ovob

Na prelomu devatendctého a dvacatého stoleti (obdobi, které
se dnes z dobovych pohlednic, knih a historickych textu jevi az
romanticky) bylo oznatovino jako Moravské Svycarsko
/Mihrische Schweiz tzemi tdoli feky Svitavy u Brna
a dnes$niho Moravského krasu. Oblibeny cil brnénskych vyletni-
ka se také hojné objevuje na pohlednicich zachycujicich
Blansko, Macochu, Sloup, Jedovnice, Kitiny, Adamov, Novy

Obr. 2 Moravské S vycarsko. Pohled
Ascher & Redlich, Briinn. [sbirka

z2. funelu u Bilovic. 1905. Nak. Verlag
4 4 fzutoru] Ve skutecnosti se nejednd o dekla-
Jde nepochybné o pohled z tunelu ¢&. 3 na

JiZnit (brnénsky) portdl tunelu ¢. 4. Lze to
mostu a strazniho domku (ten dn
ho masivu nad portdlem

5 ;%liZShJLIro;'/av;'an :wZzerIand. A view from the tunnel near Bilovice. 1905
eriag Ascher & Redlich, Briinn [authors’ collecti ality i

: / s . tion] In realit

i not the declared view Jrom tunnel No. 2; undoubtedly it is a vieweil); fhlef

southe}m (Bmo). portal of tunnel No. 4. Jrom tunnel No. 3. It can be unambi-
guously determined according to the position of the bridge and the rail
guard house (which no more stands ok of

today) and al; ;
the rock massif above the e y) and also according to the look of

L j.'fdnoznac‘nev urcit podle polohy
s Jiz nestoji) a ddle i podle vzhledu skalni-
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Tabulka 1 Zelezniéni tunely v Moravském Svycarsku

Evidenéni nazev | Mistni nazev Délka [m] | Dokoncen Poznamka
SZpc
Blanensky ¢. 1 Obfansky (1) 87,8 1848 1947-1948 rekonstrukce nékterych past
1991-1996 rekonstrukce namisto navrhovaného sneseni
Blanensky &. 2 Bilovicky (2) 164,50 1848 1948 ¢astecna rekonstrukce nékterych pasl
1991-1996 rekonstrukce
Blanensky ¢. 3 Bilovicky (3) 276,13 1848 1949-1950 rekonstrukce klenby
1966-1971 vylomeni starych opér, bet. pilitky + SB
Blanensky &. 4 Bilovicky (4) 244 1848 1966-1971 rekonstrukce
1969 mohutny zaval
Blanensky &. 7 Adamovsky (7) 165 1848 1975-1982 rekonstrukce
Blanensky &. 8/1 Novohradsky (8) 493,55 1848 1996-1997 rekonstrukce,
zachovany pdvodni portaly
Blanensky ¢&. 8/2 Novohradsky novy (8A) 556,71 1992 Priizkumna Stola + erektorova razba
Blanensky €. 9 ,U Certova hradku* (9) 327,30 1848 1951-1952 rekonstrukce klenby
1962-1965 nové bet. opéry
Blanensky ¢&. 10 Blanensky (10) 103 1848 1866 zficeni klenby
1962-1965 rekonstrukce

7 / p A

. . = P
Partie aus der Mihr, Schweiz!

1§ v 5 '_ { 2y
GRUSS AUS BILLOWITZ

. ” s
Nakl. lenzlon pod Ronovem. .

[sbirka autorii] Pohlednice iidol; Syi

] oli Svit
.tvdl;’;mzu;nefn 4pod Ronovem. Vievo nahore Je zrejmy severni (blanensky) p‘rl)li)'y
unelu ¢. 4, motorovy viak j F F jiz 7 .
55 (o) y viak jede pres most pred dnes jiz snesenym tunelem

Obr. 3 Pozdrav 7 Bilovic. Partie 2 Moravského Sv;jcarska: 1 90.1'5‘; ZYaIicl. Yer_;:t%
Aséher & Redlich, Briinn. [sbirka autorii] Jednd se opet o jizni (brnénsky
portdl tunelu ¢. 4 it

Fig. 3 Greeting card from Bilovice. 5¢ i
19%8. Publisher Verlag Ascher & Redlich, Briinn. [autho

again presents the southern (Brno) portal of tunnel No. 4

. . d.
Scenery from Moravian Switzerlan : . :
o rs¢ collection] It of the Svitava River valley with the Pension un.




Obr. 5 Blansko. 2. tunel. 1921. Nakl. S. Broch, Blansko ¢ 111. [sbirlfa auto-
rii] Ve skute¢nosti jde o jizni (brnénsky) portdl tunelu ¢. 9. Celkové je toto
misto dnes vyrazné odlisné od puvodni pohlednice. Ze straZniho domku zkyly
Jjen &dsti zdkladii, cesta patrnd na pohlednici nad tunelem je dr'tes P 'Tivg-
nd a zarostld stromy. Skalni masiv vlevo pied portdlem tunelu je nyni zajisten
mohutnou zdrubni zdi
Fig. 5 Blansko. Tunnel No. 2. 1921. Publisher S. Broch, Blansko No. 111.
[authors® collection] In reality it is the southern (Brno) portal of .tunnel No.
9. In general this location significantly differs from the original picture post-
card. Only parts of foundations remained from the guardhouse; .the road that
is visible in the picture above the tunnel is no more used and is overgrown
with trees. The rock massif on the left side in front of the portal is today sta-

bilised by a massive revetment wall

hrad, Vranov u Brna, Ochoz nebo Bilovice nad Svitavou.
Nekteré z pohlednic maji pikantni chybu v oznaceni ,,Moravské
Svycarsko®, na jinych je zase némeckd verze preskrtnuta es-
kym vlasteneckym odesilatelem. A nenfi zajisté nahodou, Ze na
mnoha dobovych pohlednicich jsou zachyceny objekty pro kra-
jinu v ddoli feky Svitavy tak charakteristické — portaly tunelt na
zde prochdzejici Zelezniéni trati Brno — Ceské Trebova.

STRUCNY NASTIN HISTORIE A OBJEKTY TUNELU

Stavbu krat$iho, ale naro¢néjsiho tdseku z Brna do Blanska
zadalo generdlni feditelstvi drah podnikateli Felice Tallachi-
nimu, del$i, ale stavebn¢ snadnéjsi ¢ast z Blanska do Ceské
Trebové prevzali Bratfi Kleinové. Zamérem bylo uvést tuto trat’
do provozu nejpozdéji do konce rokul846. Jiz na podzim 1843
zapoCaly stavebni priace na nejobtizn¢jSim, 21 km dlouhém,
useku z Maloméfic do Blanska. Zde bylo nezbytné prorazit
deset tunela celkové délky 1772 m. Vrchni dozor nad stavbou
byl svéren Ing. Bohadovi a dvéma jeho asistentim — Wenkemu
a Dimmerovi. Hlavnim stavbyvedoucim podnikatele Tallachi-
niho byl Giuseppe Martinetti.

Postup prdce pii stavbé tuneld odpovidal soustavé, kterou
dnes oznaujeme jako pri¢nikovou/starou rakouskou. Primérny
denni postup ¢inil 0,22 m, v nejdel$im a nejobtiznéjSim tunelu
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Mor. Svycarsko.

Partie s tunclem a Noyyhrad.

.

e e ad

Obr. 6 Mor. Svycarsko. Partie s tunelem a Novy hrad. Po roce 1908. Nakl.
neznamy. [sbirka autoru] Jde o dodnes dochovany brnénsky portdl tunelu

8/1. Novy hrad byl zvyraznén retusi a jeho rozmér Jje oproti realité znacné pre-
hnany

Fig. 6 Moravian Switzerland. Scenery with a tunnel and the Novy Hrad
Castle. After 1908. Publisher unknown. [authors’ collection] It is the till now
preserved Brno portal of the tunnel No. 8/1. The Novy Hrad Castle was

z.zccentuated by retouching and its dimensions are significantly exaggerated
in comparison with the reality

Novohradském jen 0,16 m. Na stavbé pracovalo od jara do pod-
zimu 2300 aZ 3000 délnikd; jen asi &tvrtina pochdzela
z okolnich vsi. AZ na vyjimky byl dozor¢i persondl (asistenti
v jednotlivych tunelech, dilovedouci a mistfi) italsky. Stavba si
vyzadala 22 Zivotd a mnoho zmrzacenych.

Ani po dokonCeni stavby potiZze s tunely neustaly. JiZz pfi
kolaudaci trati 17. 12. 1848 Zadali zdstupci Severni drahy
Ferdinandovy (které Statni drdhy pronajaly provoz) o vyzdéni
vSech tuneld po celé jejich délce. Vedeni Stdtnich drah, podpo-
rované Ghegou, tento poZadavek rezolutné odmitlo s tim, Ze
nebezpeéna mista jiz byla vyzdéna a je na provozujici spolec-
nosti, aby ¢as od cCasu stav tuneld kontrolovala. Inspektor
Statnich drah Kob na zdkladé tohoto zjisténi navrhl dplné
vyzdéni tunelu Novohradského, které provedla fy Tallachini od
dubna do zari 1849; sanac¢ni prace probihaly za nepreruseného
provozu.

Predev§im nepredpoklddané potize pri stavbé tunelu mezi
Maloméricemi a Blanskem pak vedly k tomu, Ze provoz na spo-
jovaci drize Brno — Ceskd Trebové byl zahdjen az 1. 1. 1849,
tedy o dva roky pozdéji, nez se puvodné predpoklddalo. [1]
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BLANSKO. 3. tunel.

Obr. 7 Blansko 3. tunel. 1921. Nakl. S. Broch, Blansko ¢. 112. [sbirka auto-
ri] Jednd se ve skuteénosti opét o jizni (brnénsky) portdl tunelu ¢. 8, dnes 8/1,
oznacovaného také jako Novohradsky. Nad tunelem se vypind Novy hrad.
Strdzni domek vlevo portdlu dnes jiZ nestoji

Fig. 7 Blansko No. 3 tunnel. 1921. Publisher S. Broch, Blansko No. 112.
[authors’ collection] In reality it is again the southern (Brno) portal of tunnel
No. 8, today 8/1, marked also as the Novy Hrad tunnel. The Novy Hrad Castle
looms over the tunnel. The guardhouse no more stands today

Obr. 9 Partie u Blanska Klepacov — Mor. Svycarsko. 1908. Nakl. Ascher
a Redlich Brno. [sbirka autoru] Vyobrazen je severni (blanensky) portdl tune-
lué. 10

Fig. 9 Scenery near Blansko Klepacov — Moravian Switzerland. 1908.
Publisher Ascher and Redlich Brno. [authors® collection] It shows the nort-
hern (Blansko) portal of tunnel No. 10

Usek trati Bmo — Blansko prochézel v dobé svého dokonceni celkem
10 tunely. Po vice nez 150 letech provozu jsou dnes vSechny tunely zre-
konstruovdny. Dva z nich byly v pribéhu historie sneseny (tunely
¢. 5/Ronovsky — dl. 85,74 m, 1971-1975 a €. 6/Adamovsky — dl. 67 m,
1982-1986) a jeden novy byl prorazen (tunel &. 8/2). Evidence SZDC
dava prednost Cislovani v poradi tunelu, verejnosti jsou pouZivéany spise
mistni nazvy [2,3,4].

DOSLOV

Z porovnani popist na pohlednicich se skute¢nosti vyplyva
jeden zdver. Podle néj nakladatelé prezentovanych pohlednic ve
své dobé Casto nelpéli na prilisné mistopisné spravnosti.
S nékterymi lokalitami zachdzeli z dne$niho pohledu prinej-
menSim ,,velmi volné“. Nejde jen o nepresnosti v Cislovani
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POZDRAV Z BILOVIC
Partie z Mor. Svycarska.

Obr. 8 Pozdrav z Bilovic. Partie z Mor. Svycarska. 1908. Nakl. Asc{ter
a Redlich Brno. [sbirka autoru] Jde o severni ( blanensky) portdl tu.nelu ¢ 9

Fig. 8 Greeting card from Bilovice. Scenery from Moravian Switzerland.
1908. Publisher Ascher and Redlich Brno. [authors* collection] It is the nort-
hern (Blansko) portal of tunnel No. 9
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE
GENERAL ASSEMBLY OF SLOVAK TUNNELLING ASSOCIATION

The General Assembly of the Slovak Tunnelling Association was
held in Zilina on the 8th April 2014. The meeting was conducted by
Ing. Rébert Turansky, the chairman of the STA Board. The Activity
Report was presented by Ing. Turansky, the chairman of the STA. He
informed not only about organising and financial activities during the
period being assessed, from the previous General Assembly to the pre-
sent, but also expanded the assessment to cover the entire period of his
functional activities in the position of the chairman. Ing. Viktéria
Chomov4 introduced the perspective of the construction of tunnels on
motorway and road routes in Slovakia during the coming years. The
election of a new Board and functionaires of the Association was held
at this-year General Assembly, in compliance with the STA Charter.
The newly elected members of the STA Board have become:
Ing. Tibor Bielokostolsky (TuCon a. s.), Ing. Miloslav Frankovsky
(Terraprojekt a. s.), Ing. Viktéria Chomova (Ndrodnd dialni¢nd spo-
lo¢nost’ a. s.), Ing. Jan Kusnir (Reming Consult a. s.), Ing. Milan
Majer¢ik (Ndrodna dialniéna spolocnost” a. s.), Ing. Sona Ma-
sarovicovd, Ph.D. (SVF ZU Zilina), RNDr. Anton Matejcek (Geofos
spol. s 1. 0.), Ing. Frantidek Otkajdk (Doprastav a. s.), Ing. Peter Stef-
ko, Ph.D. (Geoconsult s. r. 0.), Ing. Peter Witkovsky (Skanska-SK
a. s.) a Ing. Robert Zwilling (Basler & Hofmann Slovakia
5. 1. 0.). Ing. Robert Turansky (OHL ZS a. s.) and Ing. Ivan Michale
(Vahostav — SK a. s.) became members of the Auditing Committee.
Ing. Miloslav Frankovsky and Ing. Peter Witkovsky were elected by
secret ballot for the following period as the STA Chairman and the
Vice-Chairman, respectively.

Valné zhromazdenie Slovenskej tuneldrskej asocidcie sa konalo
v Ziline 8. aprila 2014 na pdde Zilinskej univerzity v Ziline.
Rokovanie viedol predseda vyboru STA Ing. Rébert Turansky.
Valného zhromaZzdenia sa zticastnili zdstupcovia 24 ¢lenskych organi-
zéacii a 3 individudlni Clenovia, ¢o znamena celkom 27 cClenov
z celkového poctu 54. Okrem Clenov STA sa rokovania zicastnili aj
pozvani hostia, zastupcovia Obvodného banského tradu a spolo¢nosti
Metrostav a. s.

Spravu o ¢innosti STA predniesol predseda STA Ing. Turansky,
v ktorej uviedol nielen organizacné a financné aktivity v hodnotenom
obdobi od minuloro¢ného valného zhromazdenia po stcasnost, ale
hodnotenie rozsiril na celé 11roéné obdobie svojho funkéného poso-
benia vo funkcii predsedu. Hodnotenie oprdvnene vyznelo pozitivne,
pretoZe tak v ¢innosti, ako aj finanénom hospoddren{ nastal v ur¢itom
roku vyrazny obrat k lepSiemu. Sprévu preto valné zhromazdenie pri-
jalo bez akychkolvek ndmietok a pripomienok.

Kli¢ovymi aktivitami, na ktoré sa sustredila ¢innost' STA boli:

¢ Podiel na vyddvani spolocného ¢asopisu Tunel.

e Priprava a zorganizovanie WTC kongresu v Prahe v r. 2007,

vratane financ¢nej spolutcasti.

+ Usilie o zvritenie stratového hospodérenia.

o Utast’ na periodickych konferencidch Podzemni stavby Praha

(v .2003, 2010, 2013).

e Zorganizovanie konferencie v r. 2004 vo Vysokych Tatrach na

tému Vyiznam tunelov v doprave.

¢ Spolupréca s univerzitami a vysokymi $kolami (STU Bratislava,

VST Kogice, ZU Zilina).

e Podpora tucasti vysokoSkolskych Studentov na tuneldrskych

odbornych podujatiach.

e Spoluprdca s organizdciami participujicimi v podzemnom

stavebnictve.

Pre udcastnikov valného zhromaZdenia bola tradi¢ne jednou
z dolezitych informécii perspektiva vystavby tunelov na dialni¢nych

Yy

a cestnych stavbach na Slovensku v najblizsich rokoch. Tento bod pro-
gramu naplnila svojim vystipenim Ing. Viktéria Chomov4, investi¢na
riaditelka Nérodnej dialnicnej spolocnosti. Vizia rozvoja tunelovych
stavieb sa na rozdiel od minulych rokov postupne zacina napiﬁat’.
V sticasnosti je na dialhiciach a rychlostnych cestich rozostavanych 9
usekov v celkovej dizke 115 km. Z toho 4 stavby zahrnuju aj 6 tune-
lov s celkovou dizkou 7 km. Dalgie stavby s dvomi tunelmi (Vis§nové,
Povazsky Chlmec) st v procese verejného obstardvania s o¢akdvanym
ukoncenim v najblizSich mesiacoch. Ak by sa v najblizSom obdobi
zacala stavba oboch uvedenych tunelov, celkova dizka rozostavanych
tunelov by sa zvysila na viac ako 16 km.

Do programu valného zhromaZzdenia boli zahrnuté tri odborné pred-
nasky s tuneldrskou tematikou. Prednasku o podielani sa na projekto-
vej priprave nérskych tunelovych stavieb predniesol Ing. Stefan
Choma, vyrobny riaditel’ firmy Basler-Hofmann. Predndsku o tuneli
Okruhliak na severnom obchvate mesta Presov prezentovala Ing. Iveta
Snaukové, Ph.D. z firmy Amberg Engineering Slovakia, s. r. 0. Rie-
Senie tunela PreSov na dialnici D1 uviedol Ing. Miloslav Frankovsky,
riaditel’ spolocnosti Terraprojekt, a. s., Bratislava.

Na tohtorocnom valnom zhromazdeni sa v sulade so stanovami STA
uskutocnili volby nového vyboru a funkciondrov asocidcie. Novo-
zvolenymi ¢lenmi vyboru STA sa stali Ing. Tibor Bielokostolsky
(TuCon a. s.), Ing. Miloslav Frankovsky (Terraprojekt a. s.),
Ing. Viktéria Chomové (Ndrodnd dialhi¢nd spolo¢nost’a. s.), Ing. Jan
Ku$nir (Reming Consult a. s.), Ing. Milan Majercik (Ndrodn4 dialnic-
nd spolo¢nost a. s.), Ing. Sona Masarovicova, Ph.D. (SvF 7U Zilina),
RNDr. Anton Matejcek (Geofos spol. s r. 0.), Ing. FrantiSek Ockajak
(Doprastav a. s.), Ing. Peter Stefko, Ph.D. (Geoconsult s. r. 0.),
Ing. Peter Witkovsky (Skanska-SK a.s.) a Ing. Robert Zwilling (Basler
& Hofmann Slovakia s. 1. 0.). Clenmi reviznej komisie STA sa stali
Ing. Robert Turansky (OHL ZS a. s.) a Ing. Ivan Michale (Vahostav —
SK a. s.).

Volba predsedu a podpredsedu STA sa uskutocnila v prestdvke roko-
vania valného zhromazdenia, pricom hlasovali novozvoleni ¢lenovia
vyboru. Za predsedu STA pre nasledovné obdobie bol v tajnej volbe
zvoleny Ing. Miloslav Frankovsky, za podpredsedu Ing. Peter Wit-
kovsky.

Hlavné zdmery v innosti STA na dalif rok uviedol podpredseda
STA Ing. Peter Witkovsky. Rok 2014 charakterizoval ako vynimocny
nielen tym, Ze po volbdch nového vyboru a funkciondrov STA nasta-
ne prilev novej iniciativy a kreativity, ale najmé v tom, Ze po ,,netrod-
nych® rokoch nasleduju roky, ktoré prinest nové prileZitosti na stav-
béch dialnicnej siete pre vsetkych dcastnikov vystavby.

Na zdver valného zhromazdenia novy predseda STA Ing. Miloslav
Frankovsky podakoval za ti¢ast'a za vyslovend ddveru ¢lenom novoz-
voleného vyboru. Ziroveni podakoval aj doteraj§im funkciondrom
v minulom funkénom obdobi a najmi odchddzajicim ¢lenom vyboru.

Pri¢inenim prof. Ing, Schlossera, CSc. zo Zilinskej univerzity mali
Ucastnici valného zhromaZdenia aj moznost’ exkurzie a predvedenia
elektronického systému riadenia premdvky a dopravnych incidentov,
vratane pracoviska s trenazérom pre vycvik obsluhujiceho persondlu.
Pracovisko, v silade s pouzitim finan¢nej podpory z prostriedkov EU,
je zamerané aj na vyskumné aktivity sdvisiace s riadenim tunelov.

ING. JOZEF FRANKOVSKY
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Odbornost’, skusenosti - najlepsia zaruka

Norsborgdepan - vystavba depa v metre v Stokholme, Svédsko

Skupina Skanska v Ceskej a Slovenskej republike je sticast'ou celosvetovej skupiny Skanska,
ktora je jednou z poprednych svetovych stavebnych a developerskych spolo¢nosti s bohatymi
skusenost'ami v oblasti infrastruktirnych, reziden¢nych, komercnych i PPP projektov.

Staviame cesty, dialnice, rozsiahle liniové stavby i mestské komunikacie. Mame mnohoro¢né
skusenosti s budovanim tunelov a podzemnych stavieb. V tuneloch, ktoré sme realizovali, jazdia
automobily i vlaky, alebo rozvadzaju pod ulicami miest inZinierske siete.

SKANSKA Visciorudt,





