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VYZNAM REALIZACIE PRIESKUMNEJ STOLNE PRE TUNEL VISNOVE

THE IMPORTANCE OF THE EXPLORATION GALLERY
DRIVEN FOR THE VISNOVE TUNNEL

ANTONIN MATEJCEK, JULIUS BOHYNIK

PRIRODNE A GEOLOGICKE POMERY

Tunel Visnové je sticastou dialni¢ného tseku DI Lietavska Liicka —
Turany a po vybudovani bude svojou dlzkou 7 404 km najdlhSim tune-
lom slovenskej dialni¢nej siete. So zretelom na jeho dlzku, ndrocné
geomorfologické pomery tzemia Malej Fatry v jeho koridore
(obr. 1, 3), nebolo mozné realizovat’ prieskum Ziadnou inou metédou
ako prieskumnou §tdlnou.

Vyvoj hodnotenia horninového masivu v koridore tunela Visnové je
viazany na zmeny koncepcie situovania trasy dialnice v etapdch inZi-
nierskogeologickych Stidii pred a v etape hodnotenia vplyvov na
zivotné prostredie v rokoch 1995-1997. Na zdklade vysledkov hodno-
tenia bol odporticany tunelovy variant A v severnej Casti koridoru
tunela (obr. 2).

V rokoch 1997-1998 bol realizovany orientacny inZinierskogeologic-
ky prieskum (1) v spolupréci so spolocnostou GEOFOS, s. r. 0., Zilina.
Pri prieskume boli vyuzité tak metédy geofyzikalneho a vrtného priesku-
mu, ako aj zhodnotenia koridoru s vyuzitim terénnych inZinierskogeolo-
gickych metdd s vypracovanim progndzy inZinierskogeologickych, geo-
technickych a hydrogeologickych pomerov v zmysle metodiky normy
Sial98. Vyraznou zmenou v priprave tunela v tejto etape prac bol navrh
a projekéné prijatie zmeny smerového vedenia trasy tunela zo severnej do
juznej Casti koridoru pre prognézu priaznivejsich pomerov tohto variantu.
Zmena bola realizovand uz v priebehu etapy orienta¢ného prieskumu.

Komplexné zhodnotenie inZinierskogeologickych pomerov v etape
realizécie prieskumnych prac bolo spracované ¢iastkovymi zdvere¢ny-
mi pracami €. 1 az €. 7 a zdvere¢nou spravou v 12/2002 (3).

Na zdklade vysledkov doteraz vyrazenych tsekov prieskumnej $tol-
ne si geologickd stavba, ale najmi tektonicky vyvoj tzemia velmi
komplikované s vyraznym dosahom na kvalitu a heterogenitu horni-
nového masivu. Horninovy masiv Malej Fatry, v ktorej je situovany
koridor tunela, bol postihnuty deformdciami v etape herzynskej, alpin-
skej tektoniky a v etape neotektonického vyvoja. Na zdklade analyz
vyvoja masivu, najmé najmladsich etdp, bolo mozné vysvetlit hetero-
genitu geotechnickych pomerov, ale najmi zlozitost'a aktivitu hydro-
geologickych pomerov, najmé v zénach s extenznym vyvojom.

V zmysle regiondlneho geomorfologického ¢lenenia Slovenska je
tizemie v useku dialnice D1 Vi$nové — Dubnd Skala stcastou Fatran-
sko-tatranskej oblasti. Mas{v zo strany Visnového (zdpadny portél)
patri do celku Zilinskej kotliny. Masiv Malej Fatry je stcastou celku
Mala Fatra, podcelku Licanskd Fatra, oddielu Lucanské Veterné hole.
Vychodny portdl leZ{ na rozhrani celku Tur¢ianska kotlina, podcelku
Turcianske nivy.

Obr. 1 Morfologicka Clenitost’severnej casti Lucanskej Malej Fatry v korido-
re tunela Vistiové
Fig. 1 Dissected topography of the northern part of the Liicanskd Mald Fatra

in Vistiové tunnel corridor

NATURAL AND GEOLOGICAL CONDITIONS

The Visnové tunnel is part of the D1 motorway section between Lie-
tavskd Licka and Turany. Once the tunnel is completed, its length of
7.404km will make it the longest tunnel within the Slovakian motor-
way network. Because of its length and difficult geomorphological
conditions of the area of the Mald Fatra mountain range through which
the tunnel corridor passes (see Figures 1 and 3), no survey method was
possible other than an exploration gallery.

The development of the assessment of the rock mass in the corridor of
the Visnové tunnel is associated with changes in the concept of the
motorway alignment in the stages of engineering geological studies
before and during the environmental impacts analysis in the years 1995-
1997. The results of the analysis led to a recommendation to use the tun-
nel variant A in the northern part of the tunnel corridor (see Fig. 2).

In 1997-1998, an orientation engineering geological survey (1) was
carried out in co-operation with GEOFOS s.r.0. Zilina. The survey was
performed using both geophysical and drilling methods and an assess-
ment of the corridor by means of field engineering geological met-
hods, resulting in a prognosis for engineering geological, geotechnical
and hydrogeological conditions, which were carried out according to
the principles required by the Sial98 standard. In this stage of the
work, a substantial change in the preparation of the tunnel was brought
about by a proposal, which was accepted, for a change in the tunnel
alignment design. The horizontal alignment was relocated from the
northern part of the corridor to the south because of a prognosis of bet-
ter geotechnical conditions for this variant. The change was imple-
mented as early as the stage of the orientation survey.

A comprehensive assessment of the engineering geological conditi-
ons in the stage of the survey operations was developed in partial clo-
sing studies No. 1 through No. 7 and the final report in December 2002
(3). The results of the assessment of the till now completed sections of
the exploration gallery show that the geological structure, but mainly
the tectonic history of the area, is very complicated, with a significant
impact on quality and heterogeneity of the rock mass.

In terms of the regional geomorphological division of Slovakia, the
area along the Visnové — Dubnd Skala section of the D1 motorway is
part of the Fatra-Tatra region. The massif from the Visniové side (the
western portal) is part of the Zilina basin. The Mald Fatra massif is part
of the Mald Fatra unit, sub-unit Lic¢anskd Fatra, section Liucanskd
Vetrnd Hola. The eastern portal lies at the boundary of the Tur¢ianska
basin unit and Turcianska flood plain.

In terms of seismism in the meaning of STN 73 0036 Seismic Acti-
on on Structures (09.1997), the area in question is found in a source
area of seismic risk 2. The closest earthquake registered in the history
occurred in Zilina, in the region of Minol¢a. The basic seismic accele-

ration for this region is o,=1,0 m.s2.

THE BASIC CHARACTERISTIC OF THE EXPLORATION GALLE-
RY AND VISNOVE TUNNEL

The Visnové tunnel is designed within the corridor of the motorway
route as a twin-tube tunnel, with the southern tunnel tube (STT) and
northern tunnel tube (NTT). The 7480.23m long exploration gallery
was driven with the aim of verifying the basic engineering geological
conditions. The gallery was driven from 11/1998 to 08/2002. Part of
the works was the excavation of a dismantling chamber (DM) for the
purpose of dismantling a tunnel boring machine, which was carried out
from 09/2002 to 11/2002. In the first stage of the works, after comple-
tion of cross passages, the exploration gallery will be used as an esca-
pe gallery for the previously completed STT (2).
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Z hladiska seizmicity v zmysle STN 73 0036, Seizmické zatazenie
stavieb (09.1997), sa predmetné tizemie nachddza v zdrojovej oblasti
seizmického rizika 2. NajbliZSie historicky zaznamenané zemetrasenie
bolo zaznamenané v Ziline, v oblasti Min&ola. Zakladné seizmické
zrychlenie pre tito oblast’ je 0=1,0 m.s2.

ZAKLADNA CHARAKTERISTIKA PRIESKUMNE)J STOLNE
A TUNELA VISNOVE

Tunel Visnové je projektovany v koridore trasy dialnice ako dvojri-
rovy, s juznou tunelovou rirou (JTR) a severnou tunelovou rirou
(STR). Pre overenie zédkladnych inZinierskogeologickych pomerov
bola v JTR realizovand prieskumnd $tolnia s dlzkou 7 480,23 m. Pries-
kumn4 $tolna bola razend od 11/1998 do 8/2002. Stcastou prac bolo
aj vyrazenie demontdznej komory (DM) pre tcely demontdZe raziace-
ho stroja, ktord prebehla v obdobi 9/2002—-11/2002. Prieskumna §tlna
v prvej etape prac po uprave a vybudovani prepojovacich chodieb
bude slidzit’ ako dnikovd $tolnia pre skor vybudovani STR (2).

METODIKA KOMPLEXNEHO HODNOTENIA
GEOTECHNICKYCH POMEROV

Pre ucely komplexného hodnotenia geotechnickych pomerov bol
horninovy masiv roz¢leneny v hierarchickych rovindch na nasledovné
typy, bloky a tseky a s rovnakymi vlastnostami:

1) litologické typy v zmysle zdkladného geologického ¢lenenia,

2) inzinierskogeologické a geotechnické typy (ig, gt typ) hornin

z hladiska Specifikdcie geotechnickych vlastnosti,

3) kvazihomogénne bloky,

4) geotechnické dseky.

Litologické typy reprezentuji zdkladné stratigrafické clenenie.
Podla ¢lenenie v zmysle regiondlnej inZinierskogeologickej klasifika-
cie Slovenska je tunel situovany v regione jadrovych pohori, v oblas-
ti vysokych pohori — Mald Fatra a v regione tektonickych vkleslin
s oblastami vniitrohorskych kotlin tektonického povodu, Zilinskou
a Tur¢ianskou kotlinou.

Na zdklade doterajSich prac horninovy masiv je budovany forma-
ciami hornin:

o flySovej formacie zastipenej ilovcovym komplexom centralno-

karpatského paleogénu,

® pestrou pieskovcovo-slienovcovo-viapencovou formaciou kom-

plexu vrchného triasu a spodnej jury (lias),

® vapencovo-dolomitickej formacie, zastipenej komplexom tria-

sovych karbonatickych hornin kriznanského prikrovu Malej Fatry
v zdpadnej Casti trasy tunela,

® spodnou terigénnou formaciou spodného triasu obalovej, malo-

fatranskej jednotky,

® formaciou variskych granitoidov, ktord je reprezentovand

jadrom Malej Fatry.

(Viz tab. I na str. 14)

Razené tseky prieskumnej Stolne boli s postupom razenia, samo-
statne od ZP aj od VP, roz¢lenené podla zastipenia ig a gt typov, tek-
tonickych a hydrogeologickych pomerov do kvazihomogénnych blo-
kov. Bloky uZ charakterizovali prevlddajice geotechnické podmienky
razenia vyjadrené priradenymi technologickymi triedami v zmysle
NRTM a TBM. Kritéria zaclenenia razenych tsekov do tried zodpo-
vedali podkladom DSN, resp. boli v iseku TBM na zdklade mozZnosti
hodnotenia prispésobené objektivnym podmienkam (upravend
Sial98). .

V tseku razenom zo ZP bolo v celej dlzke vyclenenych 33 zdklad-
nych blokov s oznacenim Z1-33, s 80 podblokmi. V dseku razenom
z VP bolo vyclenenych 46 zdkladnych blokov s oznaenim V1-46,
s 112 vy¢lenenymi podblokmi. Celkom v masive $t6lne bolo vyclene-
nych 192 kvazihomogénnych blokov. Stélna bola aj ¢lenend na tseky
podla triedy razenia. V celkovej dlzke §tdlne 7 480,3 m sa trieda zme-
nila 311 x. Pocet vyclenenych dsekov poukazuje na vyrazni hetero-
genitu horninového masivu. V kazdom tseku so zmenou zatriedenia
bol charakteru masivu prispdsobeny rozsah a druh vystrojovacich prv-
kov na zabezpecenie stability vyrubu.

Pre dcely optimdlneho ¢lenenia masivu pri raziacich pracach tunela
bol horninovy masiv roz¢leneny na geotechnické dseky. V masive
tunela Visnové bolo celkom vyclenenych 7 typov geotechnickych tse-
kov 1-2-3-4-5-6a-6b. Pri roz¢leneni boli zohladnené zastipenie pred-
pokladanych ig a gt typov, najmé zo skupiny nepriaznivych, so zohlad-
nenim geotechnickych vlastnosti s interpretdciou moZzZnosti vyskytu
nepriaznivych geotechnickych pomerov.
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Obr. 2 Variantné rieSenia trasy dialhice v etape hodnotenia EIA
Fig. 2 A design variant of the motorway alignment in the EIA stage

THE METHODOLOGY FOR COMPREHENSIVE ASSESSMENT
OF GEOTECHNICAL CONDITIONS

The rock mass was divided for the purpose of the comprehensive
assessment of geotechnical parameters in hierarchic levels into the fol-
lowing types, blocks and sections with identical properties:

1) lithological types in the meaning of the basic geological classifi-

cation,

2) engineering geological and geotechnical types (eg, gt types) of

rock from the aspect of specification of geotechnical properties,

3) quasi-homogeneous blocks,

4) geotechnical sections.

The lithological types represent the basic stratigraphic categorisati-
on. In terms of the regional engineering geological classification of
Slovakia, the tunnel is located in a region of core mountain ranges, in
an area of high mountain ranges (the Mald Fatra) and in a region of
trough faults with areas of intramount basins of tectonic origin (Zilina
and Turciany basins).

According to the existing documents, the rock mass consists of the
following rock formations:

@ a flysh formation, which is represented by a clay complex of the
central Carpathian Palacogene,

® a variable sandstone-marlstone-limestone formation of the
Upper Triassic and Lower Jurassic (lias) complex

® limestone-dolomitic formation, which is represented by a com-
plex of the Triassic carbonate rock of the Kriziany nape of the
Mal4 Fatra

® a lower terigene formation of the Lower Triassic of the nappe of
the Mal4 Fatra unit,

® a Variscan granitoide formation, which is represented by the
core of the Mala Fatra.

(See table 1 on page 15)

The mined sections of the exploration gallery were divided with the
advancing heading, separately for the headings from the WP and EP,
according to the proportions of the eg and gt types and the tectonic and
hydrogeological conditions, into quasi-homogeneous blocks. The
blocks already characterised the prevailing geotechnical conditions of
excavation expressed by the excavation support classes specified for
the NATM and TBM application. The criteria for the classification of
the mined sections corresponded to the final design or, in the TBM sec-
tion, were adapted to objective conditions where the assessments allo-
wed it (amended Sial98).

There were 33 basic blocks determined within the whole length of
the section driven from the WP. The blocks were marked W1-33; they
consisted of 80 sub-blocks. There were 46 basic blocks determined in
the section driven from the EP, marked E1-46, with 112 determined
sub-blocks. In total, there were 192 quasi-homogeneous blocks deter-
mined in the massif passed through by the gallery. In addition, the gal-
lery was divided into sections according to the excavation classes. The
class changed three hundred eleven times along the total length of the
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LITOLOGICKA NEROVNORODOST HORNINOVEHO MASIVU PRIESKUMNEJ STOLNE
(JUZNEJ TUNELOVEJ RURY) SO ZAKLADNYMI GEOTECHNICKYMI UDAJMI

Vy¢lenenie dseku Pevnost’'v . P Modul
v absolitnom DIzka L prostom Uh(t)ll_ev]:?;tor;leho deformacie
staniceni JTR Geologicky vek Dol';ltl;:;'; ce InZinierskogeologicka charakteristika tlaku o, in situ
od do (m) (Mpa) ©) (Mpa)

CENTRALNO - KARPATSKY PALEOGEN
ilovec pies¢ity, laminovany az
Ipz, Ipn, Iptp tenkodoskovity s polohami siltovcov
1000 1115 115 b paleogén - 4-20 18 - 30 12-45
utiansky vyvoj
Pz Pn. Pt pieskovec, lokdlnec drobnozrnny zlepenec,
> o, ELp doskovity az lavicovity
1115 2399 1284 MEZOZOIKUM - fatrikum - krizianska tektonick4 jednotka
Bstp slienité bridlice, tmavosivej az Ciernej,
lias - zbridli¢natené ,kunerddsky zlom*
allgiuské vrstvy V. ilovité vapence ,typ fleckenmergel®,
1115 1258 441 stp ,kunerddsky zlom* - budinované 25 - 60 30 -32 100 - 800
vrchny trias rét piescité vapence, so zastipenim v budinich
(kontaknd z6na) Vptp, Brtp (tét) a bridlic - tzke zony
vapenec gutensteinského typu, doskovity az
Vez, Ven, Vetp lavicovity, lok. kras
30 - 100 36 - 48 300-1000

. B dolomit tenkodoskovity az masivny, polohy
1258 1780 520 stredny az vrchny Dz, Dn, Db, Dtp brekciovitych dolomitov

trias (necleneny)

karbonatické ilovce - karbonaticky
Iktp kataklazit, drvené dolomity s ilovitou 10 - 30 20 - 36 100 - 500
vypliiou a sadrovcom

vapenec doskovity az lavicovity,

Ven, Vatp s z6nami klivazi a zon brekeif
dolomit, tenkodoskovity, ojedinele az
Dn, Dtp lavicovity, v poruchdch az zvetrany — Dz
stredny az vrchny podobne ako vdpence Vgz - Vz.
1780 2346 566 trias (necleneny) 30 — 100 30-52 300 - 4 000
Bk brekcia karbonaticka, hrdzavozlta,
s roznym stupnom litifikdcie
TB tektonicka brekcia — vSeobecne
kataklazit regio- ot . s P .
2346 | 2381 35 nélneho charakte-ru Bk kataklazit zemitého charakteru s dlomkami | 1 _ 49 30 - 34 100 - 500
- necleneny

MEZOZOIKUM - tatrikum - malofatranska (obalova) tektonicka jednotka

Batp kremity pieskovec aZ kremenec,
d brekciovity, kataklazovany

2381 2399 18 spodny irias bridlica flovita, Cervenofialova, 20 - 50 35-40 300 - 800
Brn, Brtp p
kataklazovand
2399 8480 6081 PALEOZOIKUM - Krystalinikum
Gkn tektonickd melange, usmernenej,

Smuhovitej textiry s budinami hornin

KeyStalinikum- mylonitizovany granitoid charakteru

2399 2890 5289 ystaiin . BrGtp krystalickych bridlic, Ciernej farby, 10 - 70 34-48 300 - 2400
mylonitizované P’ ey . -

vyraznej bridli¢natej textiry

granitoidny blastomylonit, usmernenej

brmylGn, ’ ;. bl ” .
textdry, lokdlne zbridli¢-nateny s polohami
brmylGtp keyst. bridlic
granitoid prevaine litového typu,
Gz, Gn, Gtp v§esmernej, nerovnomerne zrnitej,
granitickej textdry
bGn biotiticky granodiorit, chloritizovany,

epidotizovany, vSesmernej textdry

porfyricky granitoid, ruzovosivy,

2890 | 8480 5590 kryStalinikum G, pGtp s porfyrickymi vyrastlicami K. Ziveov, 10 - 130 30 - 52 50 - 10000
lokdlne s prechodom do pegmatitoidov
hGn, hGtp hybridny granitoi[de,xirl?rz;vosivy, usmernenej
itizovana rula az mi tit
MGn, MGtp usmernenej az paskovanej textiry, ostro
ohranicené resty
L lamprofyr, zeleny az tmavozeleny
Tabulka 1
Vyssie definované ¢lenenie bolo mozné na zaklade komplexného zhod- gallery of 7480.3m. The number of the determined sections proves the
notenia  geologickotektonickych, inZinierskogeologickych, geotechnic- significant heterogeneity of the rock massif. The scope of the excava-
kych a hydrogeologickych vlastnosti, so zhodnotenim masivu v klasifi- tion support and the amount and types of the support elements were
ka¢nych systémoch podla RQD, ONORM B 2203, Sia 198, QTS, s vyjad- adjusted in each section with the changing class, according to the cha-
renim technologickych tried NRTM pre profil prieskumnej §tolne a profil racter of the rock mass.
tunela v komplexnych grafickych vystupoch, v 100 m tsekoch $tdlne The rock massif was divided into geotechnical sections to allow
v mierke 1:100, mape geologicko-tektonickej nerovnorodosti masivu §tol- optimum division in the course of the excavation. There were 7 types
ne v mierke 1:1000 a v pozdlZnom profile $tdlne v mierke 1:5000/5000 (3). of geotechnical sections determined in the Visnové tunnel massif, i.e.
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LITHOLOGICAL HETEROGENEITY OF THE ROCK MASS ALONG THE EXPLORATION GALLERY ROUTE
(THE SOUTHERN TUNNEL TUBE) WITH BASIC GEOTECHNICAL DATA

Unconfin
Absolute come(:essi Angle of Modulus of
chainage of the Length N P internal in situ
section Geological age Dominating Engineering geological charakteristic ve friction ¢ deformation
eg-types strength
cc
from to (m) (Mpa) °) (Mpa)
CENTRAL CARPATHIAN PALAEOGENE
claystone — sandy, laminated to thinly
Ipz, Ipn, Iptp plated, with siltite interlayers
1000 | 1115 115 Palacogene — 420 18 - 30 12-45
Hutniany history
sandstone, locally fine-grained
Pz, Pn, Ptp conglomerate, platy to heavy-bedded
1115 2399 1284 MESOZOIC - Fatricum - kriZnany tectonic unit
Bst marlaceous shale, dark grey to black,
Lias - stp cleaved ,,Kunerad Fault*
Allgdu layers Vst clayey limestone ,.fleckenmergel type*,
1115 | 1258 441 stp . Kunerad Fault“ - budinované 2560 30-32 100 - 800
Upper Triassic - . o i ek
Rhaetian (contact Vptp, Brip sandy limestone, present in boudins (rét)
and shale — narrow zones
zone)
G in-type limest: platy to
Vez, Ven, Vetp heavy-bedded, locally karst
30 - 100 36-48 300-1000

Medium to Upper Dz, Dn, Db, Dtp dolomite thinly bedded to massive, layers
1258 1780 522 Triassic T of brecciated dolomite
(non-differentiated)

carbonatic claystone - carbonatic
Iktp cataclasite, sheared dolomite with clayey 10-30 20-36 100 - 500
filling and gypsum

limestone platy to heavy-bedded,

Ven, Vetp with cleavage zones and brecciated zones
dolomite, thinly plated, sporadically to
Triassi Dn, Dtp heavy-bedded, up to weathered in faults —
1780 | 2346 566 THassic. Dz similarly to limestone Vgz - Vz. 30 - 100 30-52 300 - 4 000
(non-differentiated) -
Bk carbonatic breccia, rusty-yellow, various
degree of lithification
B tectonic breccia — generally

Cataclasite of . .
loamy cataclasite with carbonate

2346 2381 35 regional nature - Bk fraoments 10 - 40 30-34 100 - 500
non-differentiated & ;
MESOZOIC - Fatricum — Mala Fatra (nappe) tectonic unit
Batp siliceous sandstone to quartzite,
2381 | 2399 18 Lower Iriassic breceiated, cataclastic 20-50 35-40 300 - 800
Brn, Brtp clayey shale, red-violet, cataclastic
2399 8480 6081 PALAEOZOIC - Crystalline complex
Gkn tektonic mélange, aligned, smudgy texture
with budines
. mylonitised granitic rock, of crystalline
2399 2890 5289 Crystalline F:_({mplex BrGtp shist character, black, pronounced 10 -70 3448 300 - 2400
- mylonitised schistous texture
granitoid blastomylonite, aligned texture,
::::ﬁgrl; locally cleaved, with layers of crystalline

schist

granitic rock mostly of tonalite type,
Gz, Gn, Gtp omnidirectional, irregularly granular,
granitic texture

biotite granodiorite, chloritised,
epidotised, omnidirectional texture

bGn

porphyritic granitic rock, pink-grey, with

2890 8480 5590 Crystalline complex pGn, pGtp porphyric insets, K-feldspar, locally with 10 -130 30-52 50 - 10000
transition to pegmatitic rock

hybrid granitic rock, dark grey, aligned

hGn, hGtp texture
migmatitised gneiss to migmatite aligned
MGn, MGtp to banded texture, sharply bounded patches
L lamprophyre, green to dark green
Table 1
Geologicko-tektonické pomery, roz¢lenenie masivu na bloky sections 1-2-3-4-5-6a-6b. When the sections were being determined, the
vymedzené najvyraznejSou tektonikou s vyjadrenim najvyznamnejsich proportion of the anticipated eg and gt types was taken into considerati-
pritokov do $tolne je zndzornené 3D rezom masivom koridoru tunela on, primarily those from the group of the unfavourable ones, taking into
(obr. 3). consideration geotechnical properties , with interpretation of the possi-
Porovnanie predpokladanych geotechnickych pomerov vyjadrenych bility of occurrence of unfavourable geotechnical conditions.
v dokladoch DSN a skuto¢ne overenymi geotechnickymi pomermi je The above defined division could be performed on the basis of
spracované zo strany zhotovitela stavby v prispevku uverejnenom a comprehensive assessment of geological-tectonic, engineering-geolo-
v Casopise Tunel 2/2003 (2). gical, geotechnical and hydrogeological properties, carried out together
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with categorisation of the rock mass
in RQD, ONORM B 2203, Sia 198,
QTS classification systems, with pre-
sentation of the NATM excavation
support classes for the profile of the
exploration gallery and profile of the
tunnel in comprehensive graphic out-
puts, i.e. in 100m-long sections of the
gallery on a 1:100 scale, in a map of
geological-tectonic heterogeneity of
the mass in the gallery on a 1:1000
scale, and in a longitudinal section
through the gallery on a 1:5000/5000
scale (3).

The geological-tectonic conditi-
ons, the division of the massif into
the blocks with the most distinct tec-
tonics with expression of the most

Obr. 3 3 D model masivu tunela Visiiové s geologicko-tektonickou stavbou significant inflows into the gallery is shown in a 3D section through
Fig. 3 A 3D model of the Vistiové tunnel massif with geological-tectonic pattern the massif along the tunnel corridor (see Fig. 3).

Comparison of the anticipated geotechnical conditions expressed in
the final design with the actually verified conditions was presented by
the contractor in a paper published in TUNEL 2/2003 (2).

The geological conditions encountered by the exploration gallery
(STT) were interpreted for the NTT in the map of geological hetero-
geneity of the massif within the tunnel corridor (see Fig. 4). The divi-
sion of the completed exploration gallery into classes is also expressed
by complex technical specifications for the exploration gallery exca-
vation, which were evaluated in the final report (3) and contractor’s
paper published in the TUNEL issue No. 2/2003 (2).

Apart from sections with favourable excavation conditions, which
represent a significant part of the rock massif, there were sections
within the alignment which were proven by the exploration gallery and
interpreted as unfavourable mining conditions with the presence of
risk factors. The individual basic risks were analysed for the entire
length of the completed exploration gallery.

Z geologickych pomerov v prieskumnej $t6lni (JTR) boli pomery
interpretované do STR v mape geologicko-tektonickej nerovnorodosti
masivu v koridore tunela (obr. 4). Roz¢lenenie vyrazenej prieskumne;j
S$tdlne do tried je aj vyjadrené zloZitymi stavebno-technologickymi
podmienkami razenia prieskumnej Stdlne, ktoré boli zhodnotené
v zdvereCnej sprave (3) a v prispevku zhotovitela diela v Casopise
Tunel 2/2003 (2).

Popri tdsekoch s priaznivymi podmienkami razenia, ktoré reprezen-
tuji vyraznd &ast’horninového masivu, boli realizdciou prieskumne;
S$tolne overené a interpretované Useky s nepriaznivymi banskotechnic-
kymi podmienkami préc s pritomnostou rizikovych faktorov. Jednotli-
vé, zdkladné rizikd boli analyzované pre cely usek vyrazenej pries-
kumne;j Stdlne.

CHARAKTERISTIKA HLAVNYCH RIZIK

Na zaklade vyrazenej prieskumnej Stdlne bolo prostredie zhodnote-
né ako heterogénne z hladiska: CHARACTERISTIC OF THE MAIN RISKS
@ pestrej litologickej stavby, mineralogického zloZenia hornin, pro-

duktov tektonickych procesov, vyplnovych hornin a zemin v zénach

diskontinuit;

@ viacetapového tektonického vyvoja so zastipenim zdkladnych tex-
tirnych prvkov (vrstevnatost'u sedimentarnych hornin), krystalickd
bridli¢natost’ (zbridli¢natenie, usmernenie krystalickych bridlic
amylonitov), z6n katakldzy a budindZze a dilatantnych zén v pasmach

The environment was assessed on the basis of the information pro-

vided by the exploration gallery as heterogeneous in terms of:

@ the varied lithological structure, mineralogical composition of rock,
tectonic processes, filling rock and soils in discontinuity zones,

@ the multi-stage tectonic history containing basic textural elements
(layering in the case of sedimentary rock), crystalline schistosity (cle-
avage, alignment of crystalline schist and mylonite), cataclastic and

masivu s relativnymi gravitalnymi pohybmi, s roznymi zdkladnymi boudinage zones, and dilatancy zones in the zones of the massif exhi-
smermi orienticie tychto nehomogenit, ktorého odrazom je r6zny biting relative gravity movements with various basic directions of
stav a rozloZenie napitosti masivu v okoli vyrubu, a to aj z dlhodo- orientation of these inhomogeneities; The varying state of the rock
bého hladiska; mass stress and distribution of the stress in the vicinity of the exca-
® rozneho stavu kvality (geotechnickych parametrov) jednotlivych vation, even in the long-term, is the consequence of this history,
typov hornin z ddsledku zloZitosti vyrazného vplyvu endogénnych ® the varying state of quality (geotechnical parameters) of individual
a exogénnych ¢initefov, najmi tektonického vyvoja, zvetrdvania, gra- rock types resulting from the complicated nature of the significant
vitatného rozvolnenia masivu a porusenia svahovymi pohybmi; influence of endogenous and exogenous factors, mainly the tectonic

@ zlozitosti hydrogeologickych podmienok, s predpokladom pridenia history, weathering, gravity loosening of the rock mass and failures
podzemne;j vody v systémoch otvorenych diskontinuit a zén zlomov, due to mass movements.
so zloZitou Struktirou hydrogeologickych kolektorov. Vyrazenim ® complexity of hydrogeological conditions with ground water assu-
prieskumne;j Stolne sa umelo porusil systém prirodzenych bariér med to flow in systems of open discontinuities and fault zones, with
a podzemnym voddm sa umoznilo intenzivne odtekat’ cez §tolnu. a complicated structure of aquifers. The excavation of the explorati-
Tym sa porus§ili hydraulické pomery podzemnych vdd v masive. on gallery artificially disturbed the system of natural barriers and
Zmena pomerov v tesnom okol{ §tdlne je nevratnd. Smerom do Sir- ground water was allowed to flow at a significant rate through the
Sieho okolia sa postupom casu vytvori novy, upraveny reZim so gallery. Thus the hydraulic conditions of ground water in the massif
zmenenymi hydraulickymi pomermi; were disturbed. The change of the conditions in the close vicinity of

@ hydrochemickych vlastnosti vody, agresivity a vylihovacich vlast- the gallery is irreversible. A new modified regime with changed hyd-
nosti na vystrojovacie prvky a konstrukéné materialy. raulic conditions will develop in the more distant outer environment.
V podmienkach razenia prieskumnej §tdlne boli overené nasledovné @ hydrochemical properties of ground water, corrosivity and leaching

druhy a skupiny rizik: properties acting on the support elements and building materials.

@ strata stability vyrubu v celbe a steniach formou uvolnovania The following types and groups of risks were proven during the
ulomkov, blokov, nadvylomov najmi v masivoch s: exploration gallery excavation:

a) nepriaznivymi sklonmi vrstevnatosti paleogénnych hornin a hornin @ loss of the excavation stability at the face and side walls in the form
liasu, dominantnymi systémami otvorenych diskontinuit so sklo- of loosening of fragments, blocks or overbreaks, primarily in the
nom do vyrubu, v zénach otvorenych pldch s flovou vypliiou, resp. rock mass exhibiting:

v z6énach smernych s osou $tdlne (uvolnovanie blokov zo stien), a) unfavourable slope of layers of Palacogene rock and Liassic rock;

b) nepriaznivymi geotechnickymi parametrami, v intenzivne tektonic- dominating systems of open joints dipping toward the excavation

ky porusenych zénach, face; in zones of open planes with clayey filling or zones approxi-
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Obr. 4 Geologicko-tektonickd mapa tiseku prieskumnej §tolne razenej zo ZP s vyclenenim na kvdzihomogénnych blokov, tried razenia a geotechnickych tisekov

pre masiv prieskumnej §tolne (dole) a masiv severnej tunelovej riry (hore)

Fig. 4 Geological-tectonic map of the exploration gallery driven from the WP, with determination of quasi-homogeneous blocks, excavation classes and
geotechnical sections for the massif passed by the exploration gallery (bottom) and massif to be passed by the northern tunnel tube (top)

¢) v zénach s prudiacim, tlakovym tc¢inkom podzemnej vody,

d) vo vyrazne rozvolnenych zénach v okrajovych Castiach masivu,
resp. v z6nach katakldz;

® strata stability v kalote (v horninovej klenbe) celby, resp. z pred-
polia, so vznikom nadvylomov az zdvalov. Ku vzniku straty stabili-
ty v kalote dochddzalo najmaé:

a) v zénach smernych a otvorenych diskontinuit (vo vychodnom okra-
ji mezozoického masivu, vo vymedzenych zénach v masive krys-
talinika),

b) v zénach s vyraznym rozvolnenim masivu, zvyrazneny najmé pri
kriZeni systémov a pri tlakovom t¢inku podzemnej vody. Takymto
pripadom je nadvylom v dseku razenom NRTM zo ZP (obr. 4,5),
v bloku zdpadne od demontdZnej komory,

¢) uvolnenim a ,,vyteCenim™ vyplni, dlomkov, blokov horniny a zén
porusenej horniny z priestoru kaloty a stien, najmé v miestach pri-
tokov vody s tlakovym ucinkom;

® nestabilita horniny a zeminy ako produktu tektonického porusenia
pri zmene vlhkosti a na styku s vodou ako:

a) objemové zmeny, naptciavanie (dvihnutie kolajiska) v usekoch ig
typu ILktp, a mylonitizovanych granitoidoch,

b) rozbredanie, zmena geotechnickych vlastnosti na styku s technolo-
gickou vodou, z tGrovne poloskalnej horniny na zeminu, zo zemin
pevnej, tvrdej konzistencie pri otvoreni na zeminy s mikkou az
kasovitou konzistenciou, v zénach kataklaz v mezozoiku a v kon-
taktnej zone mezozoikum-krystalinikum, problém s odtazbou roz-
brednutej ribaniny,

¢) prejav sadania a deformdcii vystrojovacich prvkov (zatld¢anim piti-
ek, najmé vSak v zénach s degraddciou geotechnickych parametrov
horniny a zeminy) v zénach karbonatickych kataklazitov — Iktp,

d) problém so zabezpecenim kvality odtekajicej banskej vody do
povrchového recipientu z dovodu rozptylenia flovych Castic v etape
odtazby a Cerpania vody, s dlhodobou sedimentéaciou tohoto kolo-
idného roztoku.

Vicsina zmien je spdsobend vplyvom minerdlneho zloZenia horni-
ny, vypliiovych zemin, $truktdrnych vizieb a ilovych mineralov, najmi
zo skupiny smektitu, illitu a montmorilonitu, ako produktov dynamo-
metamorfézy hornin.
® vyvojom, rastom deformacii vyrubu, zvieranie stien podzemného

diela v kataklasticky porusenych zénach zosuvom poruseného paleo-

génu, mezozoika, kontaktnych z6én medzi tektonickymi jednotkami

(paleogén-mezozoikum; zdény kunerddskeho zlomu; mezozoikum-

krystalinikum; mylonitizované zény krystalinika; zbridlicnatené zony

mately parallel with the alignment of the gallery (blocks falling

from the walls),

b) unfavourable geotechnical parameters; in significantly tectonically
disturbed zones,

¢) in zones under hydrostatic pressure of flowing ground water,

d) in significantly loosened rock zones in fringe areas of the rock mas-
sif, or in cataclastic zones,

@ loss of the excavation stability at the face of the top heading (the
rock arch) or in the front zone, with occurrence of overbreaks or even
caving. The loss of stability in the top heading occurred mainly:

a) in zones of joints crossing the gallery excavation at an acute angle
and zones of open joints (on the eastern edge of the Mesozoic mas-
sif, in confined zones in the crystalline complex),

b) in zones with significant loosening of the massif, intensified most of
all at crossings of the systems and in case of ground water pressure
action. This is the case of an overbreak in the section driven by the
NATM from the WP (see Figures 4, 5), in the block found west of
the dismantling chamber,

c) releasing and “pouring” of the filling, debris, blocks of rock and
zones of broken rock from the roof and side walls (mainly in loca-
tions of pressure water inflows),

@ instability of rock and soil as a product of tectonic disturbance in the
case of changed moisture and at the contact with water, for example:

a) volumetric changes, swelling (heaving of the rail) in the ig-type and
Iktp-type, and in mylonitised granitic rock.

b) the rock becoming slushy, thus changing geotechnical conditions: at
the contact with process water - from the level of semi-rock to soil,
from hard and firm soil consistency to soft or even liquid when
uncovered; in cataclastic zones and in the Mesozoic zone and the
Mesozoic — crystalline complex contact zone; a problem with loa-
ding of the slushy muck.

c¢) manifestation of settlement and deformation of the support elements
(settlement of footings, most of all in zones with the geotechnical
parameters of the rock or soil degraded) in the zones with carbona-
tic cataclastices — Iktp,

d) the problem with quality of mine water discharging to a surface
recipient - due to clay particles dispersion in the stage of the muck
loading and water pumping, because of the process of sedimentati-
on of the colloidal solution lasting very long.

The majority of the changes was caused by the mineral composition
of the rock, the soil filling of joints, structural relationships and clay
minerals, mainly those from the group of smectite, illite, montmorillo-
nite, which are products of dynamic metamorphism of rock,




Obr. 5 Zdval v iiseku razenom technologiou NRTM v stani¢eni 2900,0 m, na
rozhrani blokov Z32 a Z33/1, po prievale podzemnej vody

Fig. 5 The collapse in the section driven by the NATM at 2900.0m chainage,
at the intersection between the Z32 and Z33/1 blocks, after ground
water breakout

v krystaliniku, rozvolnené zény s vyraznym zvetranim v okrajovej

Casti kryStalického masivu). Maximdlne deformdcie boli namerané

v zéne kataklazovanych karbonatickych ilovcov s celkovou konver-

genciou vo vodorovnom smere do 385 mm. Usek bol sanovany kom-

pletnym prebudovanim v etape vystavby dnikovej $tdlne;

® siistredené ale aj rozptylené pritoky az privaly podzemnej vody

s tlakovym reZimom, tlakovym suféznym udcinkom vody v obdobi
razenia, alebo nestabilitny vplyv skor erodovanych a suféziou vypla-
venych tektonickych nehomogenit nevyplnenych (korézny kras
v mezozoiku) alebo sekunddrne vodou vyplnenych zén vplavenim
ilov s kaSovitou konzistenciou (mezozoikum a krystalinikum v okra-
jovych castiach masivu). V dosledku tlakovej sufézie rychla zmena
stability kataklazovanych a dynamometamorfovanych, zbridli¢nate-
nych z6n poloskalného aZ zemitého charakteru, najmé v zénach so
stratou napdtia (drvené, dilatantné zény v mezozoiku a v krystalini-
ku) za vzniku kaverien v okoli vyrubu. Ststredené pritoky boli via-
zané najméi na:

a) extenzivne, otvorené systémy nehomogenit v tektonizovanych
zdénach v krystaliniku v smere SZ-JV, sprievodné zény s kataklazou
hornin spolu s bariérovym t¢inkom dynamometamorfovanych zén
ilovitého charakteru,

b) odlahcené, dilatantné, ale na smer razenia prieCne zdony s prejavmi
gravitacnej tektoniky najmé v okrajovej Casti masivu a centrdlnej
Casti masivu (okraj vrcholovej Casti masivu kéty Rdzso$nd),

¢) bariéru tektonického kontaktu mezozoika a krystalinika.

Pritoky podzemnej vody boli v karbonatickom useku razenom zo
ZP s trvalymi vydatnostami v poslednom tseku karbondtov
v 1180-1340 m od ZP (bariérové vyvery vody na tektonickom kon-
takte s krystalinikom). VyraznejSie zvodnelé pasmo v tseku krystali-
nika bolo aZ od stanicenia 2900-2554 m od ZP, kde ststredené prito-
ky spdsobili zdval a po jeho sandcii vyraznu nestabilitu Celieb v zéne
smernych portch (obr. 4).

Pri razeni od VP boli vyrazné pritoky az privaly vdd registrované
v dseku od 420-490 m po 2812-2827 m od VP, najméd v zdnach
705-730 m, 993-995 m, 1112-1130 m, 1600-1850 m, 2 414-2421 m,
2493-2499 m. Pritoky vody boli v rozpiti od 20 do 110 Ls™. Dalsie
vyrazne zvodnené pasmo bolo v tdseku 28102921 m s pritokmi nad
100 1.5 a v zéne na stani¢eni 3500-3509 m s pritokmi iba 20 l.s!.
Maximadlny odtok zo $tdlne razenej z VP bol nad 400 1.s™'. Voda odteka-
la gravitacne. V Case hydrogeologického monitoringu masivu su celko-
vé odtoky z prieskumne;j §tolne v rozpiti 160-240 L.s'. Pri dal¥ich razi-
acich pracach je mozné predpokladat, Ze najmd zmenou hydraulickych
pomerov podzemnych vod sa Ciastocne eliminuju rizikové tcinky tlako-
vych vdd, a nepriaznivé sufézne tcinky. Realizdciou prepojovacich cho-
dieb, ako stcasti prac na tinikovej chodbe, bol overeny aj po vyrazeni
Stolne stdly deStrukény vplyv hydrualického tlaku podzemnej vody
v zénach SZ-JV prelomenim a zdvihnutim beténového dna v prepojo-
vacej chodbe PCH17. Odborny odhad na mnoZstvo odtekajiicej vody
z tunela STR sa predpokladd po ustdleni do cca 300 1.s™'.
® Cerpanie vody ako rizikovy faktor bol vyrazny pri razeni zo ZP,

v tseku so stalym sklonom k VP. Maximélne ¢erpané mnozstvo vody
bolo v rozpiti 140-150 1.s!, nakolko vodu bolo nutné odCerpdvat’
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® development and growth of deformations of the excavation, con-
vergence of side walls in cataclastically deformed zones, Palacogene
and Mesozoic zones disturbed by sliding, contact zones between the
tectonic units (the Palacogene-Mesozoic; the Kunerdd Fault zone; the
Mesozoic-crystalline complex; the mylonitised zone of the crystalline
complex; cleavage zones in the crystalline complex; loosened layers
with distinct weathering in the fringe areas of the crystalline massif).
Maximum deformations were measured in the cataclastic carbonatic
claystone with the overall horizontal convergence up to 385mm. This
section was stabilised by complete reconstruction during the con-
struction of the escape gallery.

@ concentrated or stray inflows, even inrush of ground water, hyd-
raulic pressure, internal erosion effects of pressure water during the
excavation period, or the harmful influence on the stability resulting
from earlier subsurface erosion of tectonic inhomogeneities, which
were either unfilled (corrosion karst in the Mesozoic) or filled with
liquid consistency clay brought by flowing ground water (the Meso-
zoic and the crystalline complex in fringe areas of the massif). A rapid
change of stability of the cataclastic and dynamically metamorphosed
cleaved zones of semi-rock degraded to the character of ground
(mainly in zones with the stress lost, i.e. crushed and dilatancy zones
in the Messozoic and the crystalline complex), which was caused by
subsurface erosion by pressure ground water; the change was accom-
panied by development of caverns in the vicinity of the excavation.
The concentrated inflows were bounded most of all to:

a) NW-SE trending extensive systems of open joints in tectonically
disturbed zones in the crystalline complex; accompanying cataclas-
tic rock zones together with the barrier effect of dynamically meta-
morphosed zones of exhibiting the character of clay.

b) lightened dilatancy zones transverse in relation to the direction of
the excavation, with manifestations of gravity tectonics mainly in
the peripheral part of the massif and in the central part of the mas-
sif (a fringe area of the upper part of the Rdzso$n4 hill massif),

c) the barrier of the tectonic contact of the Mesozoic and crystalline
complex.

Ground water inflows were encountered in the carbonatic section
driven from the WP, with permanent yields in the last section of the
carbonates at 1180-1340m from the WP (barrier springs at the tectonic
contact with the crystalline complex). A more distinct saturated zone
in the crystalline section was found between the 1180m and 1340m
chainages from the WP, where the concentrated inflows caused a col-
lapse and, when the collapse had been dissolved, significant instabili-
ty of the excavation faces in the zone of joints nearly parallel with the
gallery route remained (see Fig. 4).

Significant inflows, even inrushes of ground water were registered
during the excavation from the EP in the section starting from 420-490m
chainage and ending at the 2812-2827m from the EP; mainly at the 705-
730m, 993-995m, 1112-1130m, 1600-1850m, 2414-2421m and 2493-
2499m sections. The inflow rates varied between 20 and 110 1.s™. Anot-
her saturated zone was encountered in the 2810-2921m section, with
inflows over 100 l.s™!, and the 3500-3509m zone with inflows a mere
20 1.s!. The maximum rate of the outflow from the gallery driven from
the EP was higher than 400 1.s™!. Water flew away by gravity. The ove-
rall outflows from the excavation gallery measured during the hydroge-
ological monitoring varied within the interval of 160-240 1.s"It is pos-
sible to expect that the risk effects of pressure water and adverse underg-
round erosion effects will be partially eliminated, mainly owing to the
changed hydraulic conditions. The permanent destructive effect of the
hydraulic pressure of ground water was proven after the excavation of
the cross passages, which are parts of the work on the escape gallery.
The concrete bottom of the cross passage CP17 in the NW-SE zones was
broken and heaved. The rate of the outflow from the NTT once it has sta-
bilised is estimated by experts at about 300 1.s”!.

@ water pumping was a distinct risk factor during the excavation
from the WP, in the section driven at a constant gradient descending
toward the EP. The maximum pumping rate varied between 140 and
150 l.s-1; water had to be pumped from the entire length of the
mined section, till the gallery excavation broke through. The con-
centrated inflows of water even represented a high level risk to the
work and risk of defects of electrical equipment in the gallery and
caused most of all defects of the TBM.

@ ground water chemistry and corrosivity. Sulphurous water of
the AX2 corrosivity rate in the meaning of STN EN 206-1 was
determined on samples taken in the chainage section beginning at
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PROGNOZNE ZASTUPENIA GEOTECHNICKYCH USEKOV V MASIVE STR

Geotechnicky tisek 1 2 3 4 5 sp(ﬁlu v
Dlzka tdseku v m 705,0 725,0 1355,0 1555,0 2210,0 74040
% zasttipenie tseku NRTM 9.5 9.8 18,3 21,0 29.8 100,0
PERCENTAGE OF THE ANTICIPATED LENGTHS OF THE GEOTECHNICAL SECTION IN THE NTT MASSIF
Geotechnical section 1 2 3 4 5 together
inm
Section length in m 705.0 725.0 1355.0 1555.0 2210.0 7404,0
% of the NATM section 9.5 9.8 18.3 21.0 29.8 100,0

Tabulka 5/ Table 5 the WP and ending at the chainage of 705m. With respect to
destruction of the sprayed concrete primary lining in the section
between the 300m and 800m chainages (WP) and an to results of
additional chemical analyses, the corrosive environment section
was extended to cover the entire length of this section. According
to STN 73 1210, all waters from the sections comprising the cry-
stalline complex rock were categorised as A1 rate of corrosivity, in
isolated cases A2 (Tomanovic, in.3); the waters were assessed to
be of an attacking type because of the leaching-type corrosivity
property (the type I corrosivity) and carbonate-type corrosivity
(the type II corrosivity).

@ the risks which were registered in the tunnel corridor were also
associated with changes in the hydrogeological regime of springs
and activities of underground flows above the exploration gallery. A
system of monitoring facilities (boreholes in the tunnel corridor,
measurement facilities on surface water courses) was built and supp-
lemented in the course of the exploration gallery excavation, and
a continuous measurement system was arranged.

@ the risk of polluting surface water courses by inflows of mine
water pumped or flowing from the exploration gallery.

z celej diiky razeného tseku az do doby prerazenia $tolne. Sustrede-
né pritoky vody vSak reprezentovali aj vysoké pracovné riziko
a riziko porich na elektrickych zariadeniach v §tdlni, najmi vSak
najmi na raziacom stroji TBM;

® chemizmus podzemnych vdd a ich agresivita. V zmysle STN EN
206-1 bola vo vzorkdch vdd zistend siranova agresivita v Udrovni
stupna agresivity AX2 v tseku stani¢enia 705 m od ZP. Na zdkla-
de deStrukcie striekanych beténov primédrneho ostenia $tdlne v dseku
cca 300-800 ZP a doplnujicich chemickych analyz hornin bol dsek
s agresfvnym prostredim roz$ireny na tento cely tsek. Podla STN 73
1210 boli vSetky vody z tuseku krystalinika zatriedené do urovne
stupnia agresivity A1, ojedinele az A2 (Tomanovi¢, in.3) a vody boli
hodnotené ako ndporové z dovodu kordzie vylihovanim (korézia I.
druhu) a korézie uhlicitej (kordzia II. druhu);

® rizikami, ktoré boli zaregistrované v koridore tunela boli aj zmeny
v hydrogeologickom reZime pramenov a aktivity povrchovych
tokov v tizkej zéne nad prieskumnou §télnou. V etape razenia pries-
kumne;j $tolne sa vybudoval a doplnil systém monitorovacich objek-
tov (vrty v koridore tunela, merné objekty na povrchovych tokoch)
a zabezpe(il sa stdly monitoring;

o riziko znecistenia povrchovych tokov pritokmi banskej vody
Cerpanej, alebo odtekajicej z prieskumne;j $tolne.

THE NORTHERN TUBE OF THE VISNOVE TUNNEL

Geotechnical conditions and risks to be encountered in the tunnel
tube construction phase are assessed on the basis of a prognosis for the
geological-tectonic pattern of the massif and a prognosis for geotech-
nical conditions which was developed using the information from the
exploration gallery. The NTT was divided on the basis of criteria iden-
tical with those obtained from the exploration gallery into quasi-homo-
geneous sections with determination of geotechnical sections.

The prognosis for the percentage along the STT length is affected
mainly by the spatial interpretation of the fault zones outside the gallery
zone. The interpretation of the conditions based on knowledge of the
massif which was passed through by the exploration gallery extended to
the massif to be encountered by the northern tube is difficult in the secti-
ons of regional faults nearly parallel with the tunnel alignment. The line-
ar character of the fault may be disturbed by a system of younger trans-
verse faults. Similarly, the interpretation may be changed in a case of
another combination of crossing of the systems of fault zones. The NTT
excavation conditions will be changed mainly by changing hydrogeolo-
gical conditions. The pressure conditions will change (improve) in the
majority of the saturated zones owing to the permanent drainage effect of
the completed excavation gallery. Despite this fact, striking isolated aqu-
ifers which have not been opened yet is to be expected, although resul-
ting in inflows with lower rates. In terms of the significant risk due to the
NW-SE faults (crossing the gallery route at an acute angle) affecting the
excavation, the relevant sections of the NTT will be more exposed to the
risk since the sections where the faults will be passed through will be lon-
ger; pressure water effects are anticipated for those sections. Even chan-
ges in the ground water chemistry are expected to accompany the chan-
ges in the hydraulic conditions. .
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SEVERNA TUNELOVA RURA TUNELA VISNOVE

Geotechnické pomery a rizikd v etape vystavby severnej tunelovej
riry su predpokladané na zdklade prognézy geologicko-tektonickej
stavby masivu a prognézy geotechnickych pomerov z poznatkov pri-
eskumnej $tdlne. Masiv STR bol na zdklade zhodnych kritérif ako pri-
eskumna §t6lna roz¢leneny na kvdzihomogénne tseky s vyclenenymi
geotechnickymi tdsekmi.

Progndza roz¢lenenia je pri STR zataZend najmaé priestorovou inter-
pretaciou poruchovych z6n mimo zény $tdlne. Velmi obtiazna inter-
pretacia pomerov z masivu prieskumnej stélne do masivu severného
tunela je v dsekoch smernych, regiondlnych zlomov, ktorych priebez-
nost’ méze byt ovplyvnena aj syst¢émom mladsich prie¢nych zlomov.
Podobne mdze byt zmenend interpreticia v pripade inej kombindcie
kriZenia systémov poruchovych zén. Podmienky razenia severnej
tunelovej riry budd zmenené najmid zmenou hydrogeologickych
pomerov. Stalym drendZnym ti¢inkom vyrazenej prieskumne;j $tdlne sa
vo vicsine zvodnenych z6n zmenia tlakové pomery, a to k priaznivej-
Siemu stavu. Aj napriek tomu je predpoklad narazenia ojedinelych
doteraz neotvorenych zén s pritokmi, ktoré v§ak budd podstatne men-
Sie. Z hladiska vyrazného rizikovému vplyvu systémov smernych
pordch SZ-JV na razenie budu tseky s tymto zataZenim v profile STR
vyraznejsie z dovodu dlhsieho dseku prekondvania portch a z dovodu
prognézovanych tlakovych tdc¢inkov vody. So zmenou hydrualickych
pomerov sa predpokladd aj zmena chemizmu podzemnej vody.
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