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VAZENI KOLEGOVE

Uvodniky, jako je tento, obvykle byvajf piilezitostl k vyzvednuti

nedavnych Uspéchl, pfipomenuti skvélosti t& nebo oné firmy

¢i k tvaze o dileZitosti a perspektivnosti naeho oboru.

Domnivam se vSak, Ze obdobi, ve kterém se vSichni vice Ci

méné nachazime, si vyZaduje hlubsi zamysleni, zaujmuti spo-

leéného stanoviska a poté vhodnou akei.

Vstupujeme zcela uréité do obdobi chudého na velké i malé stavby a to piede-

vim v disledku nedostatku financnich zdrojil. Nadéji ndm samoziejmé je, ze na

konci tohoto ,tunelu” {jen nerad pouzivam toto slovo v jiném vyznamu, nez je

nam vlastni) se rysuje svétio v podobé Ffady velkych konkrétnich investi¢nich

zamérd. O perspektivé dlouhodobého rlistu potfeby podzemnich staveb, zejmé-

na ve velkych aglomeracich, neni jiz dneska tfeba pochybovat.

Co vSak délat, abychom k tomuto ,svétlu” dospéli?

Je tfeba si uvédomit minimalné 3 rizika, se kterymi se budeme muset vyrovnat.

* Z hlediska dlouhodobého bude Cesky trh pfili§ maly na dostatek skute¢né vel-
kych staveb

* Na tento trh navic dfive nebo pozdéji razantné vstoupi zahrani¢ni firmy, vyba-
vené obrovskym finanénim i technologickym potencialem.

* V pribéhu recese stavebnich praci mize dojit k takovému oslabeni a ztraté
konkurenceschopnosti i v disledku ,vIE" konkurence mezi nami samymi, ze
Geské firmy zeslabnou a poté neodolaji tlaku zahraniénich firem.

Je mozné viigi témto hrozbam néco podniknout, jakou Glohu méa hrat Cesky tune-
larsky komitét v takové situaci?

Dovolim si pfedioZit nékolik namétd.

Ptedevsim je tfeba nepfipustit znicujici zplisob nekalého konkurenéniho boje,
ktery tuzemské subjekty oslabuje. Naopak je tfeba jit cestou kooperaci, sdru-
Zeni, podileni se na projektech. Retézec subjektd pracujicich na tunelu
Mréazovka je toho slibnou pfedzvésti.

e Je Zadouci systematicky &elit tendencim tzv. ,ekologickych aktivit’, jejichz
disledkem je rudeni nebo zpochybriovani jiz schvalenych pfipravovanych pro-
jektd, jejichZ financovani je navic zajisténo. (Stranou nechavam i fakt, Ze tyto
aktivity jsou v pfevazné vétsiné zastérkou osobnim zajmiim a za dlsledek
maji naopak zhorseni Zivotniho prostiedi celych oblasti. Namatkou lze uvést
napfiklad Plzef - D5 - obchvat; Praha Mrazovka, vnéjsi okruh Praha, Blanka
atp.). Je Zadouci zorganizovat profesionalni vysvétlovaci promyslenou medi-
alni kampan s cilem vysvétlit, Ze takovéto poc¢inani je ve své podstaté proti-
ekologické.

* Je nezbytneé dal systematicky pokracovat nejen v podporéach zvySovani know-
how, ale i v zkvalitiovani technické a technologické Urovné ve véech oblas-
tech souvisejicich s projektovanim, realizaci a provozovanim podzemnich sta-
veb.

* Bylo by Ugelné vytvofit 8irdi spoledenstvi provadécich projekénich a konsul-

taénich firem, které by bylo schopno proniknout na zahraniéni trh. Zkugenost

ukazuje, Ze i naSe nejvéts/ firmy jsou piili§ slabé (nikoliv svymi technickymi
schopnostmi, ale i finanénim zadzemim, komplexnosti, schopnosti se pohybo-
vat v zahranici, nést velka finanéni rizika) na to, aby se samostatné prosadily.

Myslim, ze Cesky tuneldfsky komitét by mohl v tomto sméru sehrét vyznamnou
roli inicidtora a katalyzatora mySlenek a poté aktivit orientovanych ve vyse uve-
denych smérech.

DEAR COLLEAGUES,

leaders, as this one, used to be an occasion to emphasize

recent success, to recall excellent results of some firm or to

commemorate importance and prospect of our professional
line.

However, | am of the opinion that the period, we are living at

present, requires a deeper thought. It is necessary to take

both a common standpoint and then a suitable action.

We are surely entering a period, which will be poor in big and even small struc-

tures. It is caused, first of all, by a lack of financial means. Of course, there exists

a hope that at the end of this “tunnel” (I do not like to apply this word in another

meaning than it is characteristic for us, tunnellers) there appears a light in the

shape of many particular investment plans. At present, it is not necessary to have
doubts on a prospect of a long-term need of underground structures, particular-
ly in large conurbations.

But what fo do for achieving the said “light"?

It is necessary to realize three areas of risk at least, which must be taken into

consideration:

¢ from the long-term prospect, the Czech market will be too small for a suffici-
ent number of really big structures,

* more over, foreign firms, equipped with gigantic financial and technological
means will enter this market, sooner or later, very aggressively,

* in the course of the building work recession there may take place such a wea-
kening and loss of the competibility due fo a “wolf's” competition among us
that Czech firms will become so week that they will be not able to resist the
pressure of foreign firms.

Is it possible to do something against the said threats? Which function is to have
the Czech Tunnelling Committee in such a situation?

| would like to present several suggestions:

* First of all it is necessary not to allow the destroying methods of unfair com-
petition which weakens the domestic firms. In contrary, it is necessary to take
a way of cooperation, association, sharing the work on projects. The chain of
firms constructing the Mrézovka tunnel is a promissing omen of it.

* |tis desirable to oppose trends of the so called “ecological activities”, the con-
sequence of which is that already prepared and approved designs, the finan-
cing of which is ensured, are either cancelled or a doubt is cast on them.
(I omit even the fact that said activities are mostly a curtain for personal
interests, and their consequence resulls in worsening the environment of whole
areas. At random | may mention e.g. the Plzeri - D5 - by-pass road, Prague
Mréazovka, Prague outside circle road, Blanka, and the like.) It is desirable to
organize a professional, explanatory, well considerate medial campaign with
the aim to explain that such actions are antiecological in fact.

* [tis necessary to continue systematically not only in supporting the know-how
increase, but also in increasing quality of the technical and technological level
in all fields connected with design, realization and operation of underground
structures.

* |t would be expedient fo form a larger group of realization firms, designing and
consulting ones, which would be able to penetrate onto foreign markets.
Experience shows that even our largest firms are too weak (not with respect
to their technical ability but even with respect to their financial background, to
the complexity, ability to orientate itself on foreign markets and to take consi-
derable financial risks) to be able to undertake and to do business success-
fully and independently abroad.

I am of the opinion that the Czech Tunnelling Committee would be able to func-
tion as an important initiator and catalyst of thoughts and then of activities in the
above mentioned fields.

Doc. Ing. Alexandr Rozsypal, CSc.
feditel spoleénosti
Stavebni geologie - Geotechnika a.s.
Director of the company
Stavebni geologie - Geotechnika a.s.
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PODZEMNI ZASOBNIK PLYNU PRiBRAM - HAJE

UNDERGROUND GAS STORAGE OF HAJE - PRIBRAM

PROF. ING. JIRI BARTAK, DrSC.
CZECH TECHNICAL UNIVERSITY, FACULTY OF CIVIL ENGINEERING

uvob

Po osmi mésicich (pésného zkusebniho provozu (véetné zimniho obdobi) byl
na konci bfezna 1999 slavnostné zprovoznén podzemni zasobnik plynu v Hajich
u Pibrami.

Vystavba a nasledné uzivani nového zasobniku plynu umozfiuje fesit dispro-
porce mezi pomérmé rovnomérnymi dodavkami zemniho plynu z dovozu (obr. 1)
a nerovnomérnou spotfebou. Rozdil mezi nejnizsi letni (Gervenec) a nejvyssi
zimni (prosinec) spotfebou plynu &inil v roce 1998 vice nez 1 mid m? (obr. 2). Vice
nez 150 dnd v roce je spotfeba plynu vétsi nez dodavky z dovozu a ve stejné
dlouhém obdobi je proto nutné plyn Cerpat ze stavajicich zasobniku.

Podzemni zasobnik plynu Pfibram - Haje, zprovoznény blizko centra velké
Spickove spotfeby (Praha a okoli), umoziuje diky svému tlakovacimu systému
téméf okamzity pfechod z reZimu tézby na reZim pinéni a naopak, takze je poho-
tové k dispozici staly a vysoky t&Zebnf vykon, coz je znaénou prednosti oproti kla-
sickym zasobnikdm, u nichz tézebni vykon v pribéhu odtéZovani trvale klesa.
Tlakovy PZP Héje v $ak neslouZi pouze zasobovani Prahy a stfedoGeského regi-
onu, jeho propojeni se soustavou plynovod( a daldich &tyF klasickych podzem-
nich zasobniky (Lobodice, Tvrdonice, Stramberk, Dolni Dunajovice) vyrazné zvy-
Suje i spolehlivost zasobovani plynem ze systému statniho podniku TRANSGAS.

V dennim tisku se objevily zna¢né nadnesené spekulace o tom, kolik pod-
zemni zasobnik Pibram - Haje stal. Spravna hodnota je 3,25 mld. K&.

POPIS KONSTRUKCE

Spodni stavba PZP Haje je tvofena cca 45 km chodeb umisténych na ploge
1,5 km?, v hloubce 950 m pod povrchem (obr. 3). Vyrubana plocha pficného pro-
filu chodeb je 10 - 12 m? (foto 1). Celkovy objem podzemniho prostoru pro
uskladfiovani plynu ¢ini 620 000 m® a je vytvofen Ctyimi piekopy a 65 pary
zasobnikovych chodeb, které jsou na Celech pfiné propojeny. To usnadnilo jed-
nak organizaci vystavby, jednak zlepsilo hydraulické podminky pfi provozu
zasobniku.

Cely systém chodeb byl vyrazen ve spadu 5%, takZe pfipadné prasaky pod-
zemni vody do zasobniku jsou svedeny do odvodnovaci jimky, ze kterych je voda
¢erpana na povrch. Cerpana mnozstvi jsou velmi mala, po dobu 8 mésitnino
zkuebniho provozu bylo vyéerpano mnoZzstvi nékolika desitek md,

Po dokonceni kaverny byl podzemni zasobnikovy prostor v pistupovych pfe-
kopech uzavien stavebné nejnarocnéjsi casti celé konstrukce - dvéma pary tla-
kovych Zelezobetonovych uzavérl, tzv. zatek. Mezizatkovy prostor je naplnén
vodou, tvofici tésnici vodni clonu s regulovatelnym pietiakem proti tlaku plynu ze
zésobniku. To je umoznéno funkef vrtu vedeného z povrchu do mezizatkového
prostoru - vy$ka sloupce vody ve vriu a pfidavny tlak inertniho plynu na jejf hla-
dinu zaji8tuje vzdy dostateCny petlak (min. 0,5 MPa) proti tlaku plynu v zasob-
niku.

Podzemni PZP je s nadzemni technologickou Casti spojeno sedmi vrty -
odvodiiovacim vrtem, jiz zminénym vrtem do mezizatkového prostoru a 5 vtla-
¢ovacimi vrty pro piivod zemniho plynu (foto 2).

Projektovana kapacita zasobniku pfi tlaku do 9,5 MPa &ini 55 mil. m* plynu
s moznym dennim téZebnim vykonem 6 mil. m®, Po zaplaveni pistupovych pie-
kopl a Sachty ¢. 16 podzemnimi vodami bude mozné zvysit maximaini tlak
v zasobniku na 12,5 MPa. Tim by se uskladiiovaci kapacita zvysila na 72 mil. m?
plynu a denni tézebni vykon na 9 mil. m?.

INZENYRSKOGEOLOGICKY PRUZKUM

Podzemni zasobnik plynu Pfibram - Haje je umistén v oblasti rudniho reviru
Piibram, tvofeného polymetalickym a uranovym loZiskem. Polymetalické lozisko
je vyvinuto zejmeéna v sedimentalnim komplexu hornin prekambického a kamb-
rického stari, uranové loZisko souvisi s exokontaklem stfedoteského plutonu. Na
uranovém loZisku byly tdZebni a priizkumné prace provadény v pasrmu diouhém
cca 20 km, Sirokém 1 - 3 km a v hloubkéach a# 1800 m.

INTRODUCTION

After eight months of the successful test operation (including the winter sea-
son), the underground gas storage In Haje near Pribram was set into operation
at the end of March in a festive way.

The construction and the subsequent use of the new underground gas stora-
ge makes it possible to solve disproportions between the relatively even delive-
ries of the natural gas from import (Figure 1) and uneven consumption.
Difference between the lowest summer gas consumption (July) and the highest
winter gas consumption (December) was more than 1 bil. cub. m in the year 1998
(Figure 2). More than 150 days in the year, the gas consumption is higher than
imported deliveries, and in the same length of time it is necessary to take gas
from existing gas storages.

The Pribram - Hdje underground gas storage, set into operation near to the
centre of a high peak consumption (Prague and its neighbourhood), makes it pos-
sible, due to its pressure system, a nearly immediate swilch from the regime of
drawing to the regime of filling and vice versa, so that there is always ready a con-
stant and high drawing output which represents a considerable preference with
respect to classic storage tanks, where the drawing oulput during the drawing
regime plunges continually. The pressure UGS Hadje, though, does not serve only
for supplying Prague and the Middle Bohemian region, its connection lo the sys-
fem of gas pipe lines and further four classic underground storages (Lobadice,
Tvrdonice, Stramberk, Dolni Dunajovice) increases considerably the reliability of
gas supply from the system of the state owned enterprise TRANSGAS.

In the press there appeared a very exagerated speculation concerning costs
of the underground storage of Pribram - Haje. The correct value amounts to 3.25
billion CZK.

DESCRIPTION OF THE STRUCTURE

The underground UGS Haje consits of about 45 km of galleries situated on the
area of 1.5 sq.km, in the depth of 950 m under the ground (Figure 3). The exca-
vated area of the cross profile of galleries is 10 to 12 sq.m (photograph 1). Total
volume of the underground space for storing gas amounts to 620 000 cub.m, and
it is formed by four crosscuts and 65 pairs of storage galleries, the faces of which
are interconnected in a cross way. It enabled the construction organization and
improved hydraulic conditions during the storage operation.

The whole system of corridors was driven in a slope of 5 %, so that a pene-
tration of underground water into the storage, if any, is directed to a drainage
tank, from which water is pumped lo the surface. Pumped quantities are very
small. During eight months of the test operation only several tens of cub.m of
water were pumped out.

After the cavern had been completed, the underground storage space in
access crosscuts was closed by the most exciting part of the whole structure - by
Iwo pairs of pressure reinforced concrete seals, so called plugs. The space bel-
ween the plugs, so called an interplug space, is filled with water, forming a sea-
ling water curtain with a controlled overpressure against gas pressure from the
storage. It is enabled by the function of a bore hole, made from the ground level
into the interplug space - the water column height in the bore and the additional
pressure of inert gas onto its surface ensures always a sufficient overpressure
(min. 0.5 MPa) against the gas pressure in the storage,

The underground of the UGS facilily is connected to the surface technological
part by means of seven bore holes - a drainage bore hole, the mentioned bore
into the interplug space, and 5 pressing bore holes for supply of natural gas (pho-
tograph 2).

The designed capacily of the storage at the pressure up to 9.5 MPa amounts
to 55 mil cub.m of gas with a possible daily drawing oulput of 6 mil cub.m. After
filling the access crosscuts and the shaft No. 16 with underground water, it wil
be possible o increase maximum pressure in the storage up fo 12.5 MPa. In this
way the storage capacily would be increased to 72 mil. cub.m of gas and the
daily drawing output to 9 mil. cub.m.

ENGINEERING-GEOLOGICAL SURVEY

The underground gas storage Piibram - Héje is situated in the area of the ore
district Pfibram, formed by a polymetallic and uranium deposit. The polymetaliic
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Velmi intenzivni exploatace (z podzemni rudniho reviru bylo odtéZeno cca 40
az 50 milion( m® hornin) vyznamné ovlivnila ptivodni stav napjatosti horninové-
ho masivu; obnova rovnovézného stavu byla vedle béZnych procesi provazena
fadou anomalnich tlakovych a deformacnich projevil horninového masivu
(RaZicka, 1998).

Rozsahla téZebni a prizkumna €innost v dané lokalité nepochybné pfinesla
fadu cennych védeckych poznatk(l a praktickych zkusenosti z hiediska chovani
horninového masivu pfi razbé ve velkych hloubkach. Tyto poznatky, jejichz zis-
kavéani neni rozhodné ani ¢asté ani snadné, by mély byt cennymi podklady pfi
vystavbé podzemnich staveb ve velkych hloubkéach (skladisté medii, dlozisté
nebezpecénych a jadernych odpadd apod.)

Na pfelomu osmdesatych a devadesatych let byly exploataéni prace na ura-
novém loZisku zastaveny a s vyuzitim stavajici téZni $achty ¢. 16 byl pfiblizné
v letech 1988 - 1991 realizovan v dliinim poli Brod pfibramského uranového revi-
ru inZzenyrskogeologicky prizkum [1], ktery zmapoval podrobné geologickou
a tektonickou stavbu severozapadni partie stfedoceského plutonu.

Z hlediska geologické stavby je podzemni zasobnik plynu situovan do hornin
stfedoGeského plutonu cca 1 - 2 km od jeho exokontaktu s proterozoickymi €i
paleozoickymi drobami a bfidlicemi, v hloubce téméFf 1000 m pod povrchem.
Horninovy masiv je tvofen fadou vesmés velmi pevnych (120 - 200 MPa) grani-
toidnich i bazickych hornin, z nichz nejvyznamnéjsi zastoupeni maji granity, gra-
nodiority, tonality a gabrodiority.

Tektonicky vyznamnéjéi poruseni horninového masivu je pouze sporadické,
plvodni poruseni podél diskontinuit je ¢asto setfeno naslednou silifikaci. Hustota
primarnich a sekundamich diskontinuit je odli$na. Primarni dlouze pribézné dis-
kontinuity maji hustotu malou (600 az 2000 mm), sekundarni diskontinuity hus-
totu stfedni (200 az 600 mm); diskontinuity jsou rovinné, drsné, sevfené a zcela
nepropustné. Pfi razbé se chovaji jako predisponovangé plochy odluénosti.
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Structure of national gas purchase in the Czech Republic the year 1999

1.4
Spotieba plynu
12 ° Natural gas consumption
l
|
— 1,0 ~
< 5 Odbér ze zasobniku
pe) 7

<3 Consumption from storage
E 08 =
>Z
3
€8
a2 06 =
£8
L w»
88

04

0,2

0.0 o ¢} el ¢} €}

Leden Unor Bfezen Duben Kvéten
January February parch April May

Obr. 2

Dovoz a spotfeba zemniho plynu leden - prosinec 1998

deposit arose particularly in a sedimentary complex of rocks of Precambrian and
Cambrian age, the uranium deposit is in connection with the exocontact of the
Middle-Bohemian Pluton. On the uranium deposit, there were performed mining
and surveying works in a zone about 20 km long, 1 to 3 km wide and in depths
up to 1800 m.

A very intensive exploitation (from the underground of the ore district there
was extracted about 40 to 50 mil. cub. m of ores) affected considerably the ori-
ginal state of the ore massif tensness. Restoration into the balanced state was
accompanied, besides usual processes, with many anomalous pressure effects
and deformation ones of the ore massif (RUZICKA, 1998).

Extensive mining and survey activity in the said locality, of course, brought
valuable scientific knowledge and practical experience with respect to the condi-
tions of the ore massif, if excavation in a considerable depths is performed. The
said knowledge, gaining of which is neither often nor easy, would form a valuab-
le basis when implementing underground structures in considerable depths (sto-
rage of media, repositories of dangerous and nuclear waste, and the like).

At the end of eighties and at the beginning of nineties, the exploitation of the
uranium deposit was stopped, and with utilization of the existing mining shaft No.
16, there was realized, approximately in the years 1988 to 1991, in the mining
field Brod of the Pribram uranium district, an engineering-geological survey /1/
which investigated in details the geological and tectonic structure of the north-
western parts of the Middle Bohemian pluton.

With respect to the geological structure, the underground gas storage is situ-
ated into the ores of the Middle-Bohemian pluton, about 1 to 2 km from its exo-
contact to proterozoic or paleozoic greywackes and slates, in the depth nearly
1000 m under the ground. The ore massif consists of several very solid (120 to
200 MPa) granitic and basic rock, the most important of which are granits, gra-
nodiorites, tonalites and gabrodiorites.

Tectonically more important defects of the rock massif are sporadic only, origi-
nal failures along discontinuities are often obscurred by a subsequent silication.
The density of primary and secondary discontinuities is different. The primary
long running discontinuities have a low density (600 to 2000 mm), secondary dis-
continuities have a middle density (200 to 600 mm). Discontinuities are planary,
rough, tight and completely watertight. During driving operations they behave as
predisposed areas of separation.

WATERTIGHTNESS, GASTIGHTNESS, CONTAMINATION

Resulis of the survey made it possible to find a geologically structural position
suitable for the investment intention, viz. to situate a pressure underground gas
storage there. The necessary precondition, as to the quality of the rock massif,
was to comply with conditions of watertightness, gastightness and contaminati-
ons of the stored medium which does not endanger the health, as well as to ful-
fit conditions of a long-term stability, mostly of excavations without support.

The surveying works drew the attention during all performed stages to moni-
toring of the natural saturation of the rock massif and to its watertightness. The
saturation character might indicate and affect eventual later untightness of the
storage due to permanently irrigated discontinuities communicating with the
external environment.

Globally it may be stated that in the area of a geotechnical type of sound gra-
nitic rocks, i.e. in the prevailing part of the whole storage space, the filtration
coefficient values move between orders 107" and 10 mps. From the technical
point of view, the said values refer to a waterproof massif.

In the area of saturated discontinuities, taking place in the dominant way in the
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VODOTESNOST, PLYNOTESTNOST, KONTAMINACE

Vysledky prazkumu umozZnily nalézt geologickostrukturni pozici vhodnou pro
investiéni zamér umistit do daného prostoru tlakovy podzemni zasobnik plynu;
nutnym pozadavkem na kvalitu horninového masivu bylo spinéni podminek
vodotésnosti, plynotésnosti a zdravi neohrozujici kontaminace skladovaného
media, stejné tak jako splnéni podminek diouhodobé stability prevazné nevy-
strojenych vyrubd.

Priizkumné prace vénovaly ve viech provadénych stapach opravnénou
pozornost sledovani pfirozeného zvodnéni skalniho masivu a jeho propustnosti:
charakter zvodnéni mohl totiz indikovat a mit viiv na pfipadné pozdéjsi netésnosti
zasobniku v disledku existence trvale zvodnélych diskontinuit, komunikujicich
s vnéjsim prostiedim.

Globlné ize konstatovat, Ze v oblasti horin geotechnického typu zdravych
granitoidd, tj. ve vyrazné pfevaZzuijici ¢asti celého prostoru zasobniku, se pohy-
buji hodnoty koeficientu filtrace mezi fady 10" a 102 m/s. Z technického hle-
diska pfedstavuji tyto hodnoty masiv nepropustny.

V oblasti zvodnélych diskontinuit, vyskytujicich se dominantné ve sméru
SZ - JV, ale i ve sméru zhruba ortogonalnim, jsou koeficienty filtrace vy$si a &ini
107 m/s (vyjime¢né az 10-9 m/s). Ve vétsiné pfipadd byly naraZeny rychle slab-
nouci a vysychajici pfitoky z nevyznamnych zvodnélych poruch, z nichz béhem
nékolika dnli vytekly v8echny statické zasoby vody. Pokud byly raZbou zasobni-
kovych chodeb zastizeny vyraznéjsi trvale zvodnélé poruchu, bylo rozhodnuto
o jejich injektaZi. Postupné byly injektaZi likvidovany prakticky viechny trvalejsi
pfitoky, takze po dokonéeni podzemnf ¢asti vlastniho zasobniku Ginily v poloving
roku 1997 celkové pfitoky do zdsobniku méné nez 0,001 I/s, coz bylo zcela vyho-
vujici z hlediska funkénosti dila.

Rozhedujicim kriteriem plynotésnosti se staly testy propustnosti masivu
zkou$kami ,in situ*, které berou v Gvahu struktumi stavbu horninového masivu,

Na zakladé zkousek VTZ (vodni lakové zkousky) a PTZ (zkousky stladenym
vzduchem) Ize konstatovat, Ze neni zasadni rozdil v chovani masivu pii zkous-
kéch tlakovou vodou a tlakovym vzduchem, Z hlediska prodyénosti (plynotés-
nosti) lze tudiz masiv KZP Pfibram charakterizovat z podstatné éasti jako priro-
zené nepropustny. Injektai poruchovych zvodnélych pasem, v nich by jinak
dochazelo k mimné zvySené prodysnosti masivu, se dosahlo i jeho plynotésnosti.

V priibéhu stavby PZP Pfibram bylo v roce 1993 uskuteénéno rozsahié mére-
ni exhalace radonu a Statnim zdravotnim Ustavem posouzena moznost nebez-
pecné kontaminace uskladnéného zemniho plynu radonem, vznikajicim rozpa-
dem radioaktivnich prvki, obsaZenych v horninovém masivu.

PfestoZe moznost kontaminace zemniho plynu radonem byla na zakladé zmi-
nénych zkousek oznafena jako nevyznamna, umisténi PZP v pomérné biizkosti
uranového zrudnéni pfibramského loZiska vyvolavalo pretrvavajici obavy vyssi-
ho obsahu radonu v PZP a tim i v uskladn&ném plynu.

V letech 1994 - 95 byla proto realizovana rozsahla méfeni rychlosti piosné
exhalace radonu, pfi nichZ byla vzata v vahu geologické situace v prostoru
zasobniku - petrografické typy homnin a poruchova pasma - ktera vyrazné ovliv-
Nnuje emanace radonu.

Z vysledkl méfeni vyplynuly nasledujici prikazné zavéry:

- primémé zjisténé obsahy pfirodnich radionuklidd U a Th a jsou niz&i nez pri-
mérné hodnoty v Ceském masivu,

- praméma rychlost plosné exhalace radonu v PZP je minimalné o polovinu niz-
§i nez celosvétovy pramér,

- za pfedpokladu provozniho tlaku v zasobniku 2 aZ 9,5 MPa se obsah radonu
v zemnim plynu pfi jeho expanzi na hodnotu 0,1 MPa (v doméacnosti) snizuje
na hodnoty fadové v tisicinach Bg/m® (priméma hodnota ve vzduchu na
severni polokouli ¢ini 3 - 22 Bg/m?).

Podrobna méfeni exhalaci radonu do prostoru PZP Pfibram, jejichz vyhodno-
ceni berou v Uvahu jak geologické vlivy, tak zakladni technologické podminky,
davaji zaruku naprosté nezdvadnosti pouzivani plynu z PZP z hlediska radiaéni
z4téZe obyvatelstva. Méfeni kontaminace zemniho plynu radonem z roku 1998
tyto zavéry potvrzuji.

DLOUHODOBA STABILITA VYRUBU ZASOBNIKOVYCH
CHODEB

IG prlizkum proved! hodnoceni kvality horninového masivu podle pétipara-
metrové klasifikace RMR prof. Bieniawského, kterd se ukdzala pro dané pod-
minky jako nejvhodnéjsi. Pro zakladni a nejrozitensjsi hominovy typ (zdravé
granitoidy) byla hodnota RMR > 80, coz znadi velmi dobrou kvalitu horninového
masivu (Vrba, 1991).

Pfedpoklad stability nevystrojenych vyrubi o ploe 10 - 16 m? byl potvrzen
i matematickym modelovanim razeb metodou MKP, kterd jako jeden z poZadav-
k0 stanovila pro stropni ¢ast vyrubu nejlépe kruhovy profil, jehoz pravidelnost
bylo nutno zajistit vhodnou technologii trhacich praci.

Zasobnikové chodby vykazovaly pfi zavéreéné kontrolni prohlidce v r. 1997 [2}
vizuelné velmi dobrou stabilitu pfevazné nevystrojenych vyloml pii zachovani
podkovitého tvaru kruhové Usece (obr. 4a). Vyjimky z tohoto obecného stavu
bylo moZno pozorovat v nasleduijicich pfipadech:

- pii vzniku odpryskd
- pfi razbé v poruchovych pasmech,

NW - SE direction, but even in the direction being approximately orthogonal, the
filtration coefficients are higher and amount to 10 mps, (exceptionally up to
10°). In most cases there were encountered quickly weakening and running dry
inflows from minor salurated faulted rock, from which all static reserves of water
flowed out within several days. If the heading encountered more important, per-
manently saturated faults,it was decided to perform a grouting. Step by step the-
re were liquidaled practically all more permanent inflows, so thal after comple-
ting the underground part of the storage proper, total inflows into the storage
represented, in the middle of the year 1997, less than 0.001 litres per sec., which

was suitable with respect to the function of the work, .
Tests of permeability by means of in-situ testing, which lake into considerati-

on the structural composition of the rock massif, became the decisive criterion of

gastightness.

On the basis of WPT (water pressure tests) and CAT (compressed air tests),
it may be stated thaf there is no fundamental difference in behaviour of the mas-
sif at tests by means of a pressure water test and compressed air. With respect
to the permeability (gastightness), the Piibram massif may be characterized in its
considerable part as nalurally impermeable. By grouting of the faults in the satu-
raled zones, where otherwise a slightly increased massif permeability occurs,
there was achieved even its gastightness.

In the course of the UGS Piibram construction, in the year 1993, extensive
measurements of radon exhalation were carried out, and the Public Health
Authority evaluated the likelihood of a contamination of the stored natural gas by
radon, arising by disintegration of radioactive elements comprised in the rock
massif.

In spite of the fact that the possibility of a natural gas contamination by radon
was indicated as unimportant, the location of the UGS near the Piibram uranium
deposit caused so far existing fears with respect to a higher content of radon in
the UGS, and in this way even in the stored gas.

That is why within the years 1994 to 1995 there were realized extensive mea-
surements of the planary speed of the radon exhalation, and there was taken into
consideration the geological situation in the storage area - petrographic types of
rocks and fault zones - which considerably affects radon emanations.

From measurement results, the following, by evidence supported, conclusions
were made:

- average content of natural U and Th radionuclides are lower than average
values in the Bohemian massif

- the average velocity of the radon planary exhalation in UGS is min. by one half
lower than the world average,

- provided that the operational pressure in the storage is 2 up to 9.5 MPa, the
radon conlent in natural gas at its expansion to the value 0.1 MPa (in house-
holds) is decreased to values which can be expressed in thousands of
Bg/eub.m (average value in atmosphere on the northemn hemisphere amounts
to 3 up to 22 Bg/oub.m).

Analogous measurements of radon exhalations into the space of the UGS
Piibram, the evaluation of which take into consideralion both geological influen-
ces and basic technological conditions, provide a security that the use of gas
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Odprysky jsou fenoménem, ktery Ize pozorovat pfi razbé vyrubd v kiehkych
hornindch v prostredi vysoké primarni napjatosti. V pribéhu razby pfekopl
i zasobnikovych chodeb PZP byl tento jev ¢asto zaznamenan (Smolaf, 1999)
a na nékterych ¢elbach doslo ke zvysenédmu poctu Urazli lamadl tenkymi des-
kami horniny, odpryskavajicimi z lice vyrubu s dosti znaénou kinetickou energii
a za zvukovych efektd (stfileni horniny ¢i ,praskavky").

Postupnym oddé&lovanim horninovych Supin od lice vyrubu se vytvari korytovy
V" tvar vyrubu, pfi ¢emz osa tohoto koryta je vzdy kolma ke sméru vétsiho
z hlavnich napéti. Pfi konstalaci 6., = 6,, kter byla dle deformacnich méfeni [1]
typicka pro partie horninového masivu v prostoru PZP (koeficient K, = o, : o, =
1,1 az 1,3), se vytvarel tvar vyrubu podle obr. 4b.

V poruchovych pasmech, které nepfiznivé ovliviiovala pevnost horninového
masivu i tvary vyrubd, byly zasobnikové chodby vyztuzovany svornikovou vystro-
ji se sitémi, ocelovou TH-vystroji, pfipadné stiikanym betonem. Prostor vyvall
byl zakladan poplikocementovymi tvarnicemi, pfipadné dievénymi hranémi.
Tvary vyrubl jsou schematicky zachyceny na obr. 3c,d.

Diouhodob4 stabilita chodeb zavisi na fadé Cinitelll mezi které patfi zejména:
- pevnost horninového masivu a jeho poruseni
- napétovy stav v neporuseném masivu
- geometricka charakteristika dila
- Uroven a charakter napétového stavu po provedeni dila
- velikost a druh napétovych zmén béhem provozu dila
- zplsob vyztuzeni a trvanlivost vyztuze.

Stupen dlouhodobé stability (SF) mizeme vyjadfit napf. vztahem

o, K. K, K,

SF = T"' >1

G, - pevnost horniny v tlaku

G, - mez kluzu horniny

k, - soucinitel strukturniho oslabeni

k, - souginitel vlivu vody na pevnostni vlastnosti (k, = 1)

k. - soucinitel dlouhodobé pevnosti

Omax - Maximalni hodnota napéti v okoli dila (.., < 0.86 6, jako disledek
vlivu opakovaného namahani tlakem plynu)

Tlakova pevnost horniny o, (granitu a jeho modifikacf) se pohybovala od 120
do 200 MPa, pficemz mez kluzu horniny 6, nebyla v Zadném pfipadé nizsi nez
80% meze pevnosti.

Strukturni vlastnosti hominového masivu Ize vesmés charakterizovat (mimo
poruchova pasma) primérnou vzdalenosti trhlin a puklin ve velikosti 0,2 - 1 m
¢emuz odpovidala velikost k, = 0,8 - 0,9.

S ohledem na namahéni pod mezi kluzu horniny (6, = 90 MPa), byl sougini-
tel dlouhodobé pevnosti uvazovan velikosti k. = 0,8.

Velikost 6., zavisi pfedevsim na geometrické pozici dila (hloubka, tvar difa,
vzdjemna superpozice Uginklj atd.) a napétovém stavu v neporugeném hornino-
vém masivu, jehoZ charakteristikou je pfedev$im soucinitel boéniho tlaku K,
Velikost tohoto sou€initele byla uvazovéna v hodnotach K, = 1,1 - 1,3 dle prU-
zkumnych adajll [1].

K posouzeni stability je nutno uvést, ze vnitini tiak plynu v PZP vyrazné zlep-
Suje stupen stability, protoze obecné plati, ze
Oimaxp = Onax = P
p - tlak plynu
Gimaxp - Max Napéti v horniné pfi provozu zasobniku

(D &)
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Obr. 4
Tvary vyrubli zasobnikovych chodeb
Shapes of excavation of storage corrid

from the UGS is quite unexceptionable with respect to radiation danger as to
population. Measurements of the natural gas contamination with radon, made in
the year 1998, certify the said conclusions.

LONG-TERM STABILITY OF THE GALLERIES EXCAVATIONS

The EG survey resulted in a quality evaluation of the rock massif according to
the five-parameter classification by Prof. Bieniawsky, which proved to be most
suitable for the existing conditions. For the basic and most usual rock type
(sound granitoides), the RMR value was bigger than 80, which characterizes
a very good quality of the rock massif (VRBA, 1991).

The stability assumption of excavations without support, with the heading area
of 10 to 16 sq.m, was certified even by a mathematical modelling of heading by
means of the Finite Elements Method (FEM), which determined, as one of the
requirements for the roof pan, a circular profile as the most suitable, the regula-
rity of which had to be ensured by a suitable technique of blasting works.

The storage galleries proved at the final inspection in the year 1997 /2/ visu-
ally a very good stability of the mostly unsupported excavations without any out-
fit, at keeping the horseshoe shape of the segment of a circle (Figure 4a).
Exceptions from this general condition could be seen in the following cases:

- if a bursting appeared
- if the driving was performed in fault zones with failures

The bursting off is a phenomenon which may be seen when driving in fragile
rocks, in the environment of a high primary state of stress. In the course of cross-
cuts and the storrage corridors, the said phenomenon often took place
(SMOLAR, 1999) and on some faces, there occurred an increased number of
accidents of miners caused by thin slabs of the rock, bursting on the intrados of
the excavation, having a considerable kinetic energy and giving out some shot-
like sound effects.

By a gradual separating of rock scales from the excavation face there forms
a trough “V" shape of the excavation, and the axis of the said trough is always
perpendicular to the direction of the more intensive of the main stresses. At the
situation when g,... = 0, , which was according to the deformation measurements
/1/ typical for parts of the rock massif in the space of the UGS (coefficient K, = o,
ro0,=1.110 1.3), there was formed the excavation shape according to Figure 4b.

In the faulted zones which unfavourably affected the stability of the rock mas-
sif and excavation shapes, the storage galleries were supported by rock bolts
with wire meshes, yielding steel ribs, eventually with shotcrete. The space whe-
re a break of occured was filled with ash-cement moulded blocks, or with woo-
den skids. Shapes of excavations are systematically shown in Figure 3c,d.

The long-term stability of corridors depends upon many factors, which are
represented especially by the following ones:

stability of the rock massif and its failures
- slale of stress in a massif without failures
- geometrical characteristics of the works
- level and character of the state of stress after completion of the works
- value and kind of changes in the state of stress during the operation of the

works
- method of support, and the service life of the support.

The level of a long-term stability (SF) may be expressed e.g. by the following
relation:

04k k. k.

SF = e F 1
o, -compression strength of the rock
o, - yield limit of the rock
k. - coefficient of the structural weakening
k, - coefficient of the water influence upon strength properties (k,, = 1)
k. - coefficient of the long-term strength
omax - Maximum stress value in the neighbourhood of the work

(owmar < 0.86 0, as the consequence of the influence of repeated

stressing by gas pressure)
Compression strength of the rock o, (of granite and of its modifications) varied
from 120 to 200 MPa, and the yield limit of the rock o, was in no case lower than
80 % of the strength limit.
Structural properties of the rock massif can be characterized altogether (external
zones with failures) by an average distance of cracks and fractures of the size:
0.2 to 1 m, with which the size k, = 0.8 to 0.9 was corresponding.
With respect to the stress under the yield limit of the rock (ovmin = 90 MPa), the
coefficient of the long-term strength was considered in the value of k. = 0.8.
The value of cmex depends above all upon the geometrical position of the exca-
vation (depth, shape, mutual superposition of effects, etc.) and upon the stress
condition in a rock massive without failures, the characteristics of which is repre-
sented, in the first place, by the coefficient of the side pressure K,. The value of
this coefficient was considered in values K, = 1.1 to 1.3 according to survey data
/1/.
To the stability evaluation, it is necessary to note that the internal gas pressure
in the UGS improves considerably the stability level, because it is generally valid
that
Omaxp = Omax = P
p - gas pressure
Oinax - Max stress in the rock during the storage operation.

After the underground part of the storage had been completed, there was car-
ried out, in an expert’s opinion [2], the evaluation of the long-term stability of
designed excavations and of most frequent atypical shapes of storage galleries.
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Po dokonceni podzemni &asti zasobniku bylo v expertnim posudku [2] prove-
deno posouzeni dlouhodobé stability vyrubl projektovanych a nejéastéjsich aty-
pickych tvart zasobnikovych chodeb.

Vybrané pfipady byly stabilitné posouzeny pomoci programového systému
PHASES (MKP - univerzita Toronto), pficemz byly feSeny vzdy krajni hranice
pevnosti horniny v prostém tlaku z intervalu 120 az 200 MPa, pfi ¢emZ o, = (0,1
az 0,06) o,.

Z provedeného feSeni vyplynulo, ze v homindch s velmi vysokou pevnosti
(200 MPa) je dlouhodoba stabilita vyrubd, véetné stability pfi opakovaném zaté-
Zovani a odleh&ovani, zajisténa s dostate¢nou bezpeénosti.

V hominach s pevnosti 120 MPa vykazuiji vyruby ponékud niz&i dlouhodobou
stabilitu v dlisledku mozného vzniku tahovych porudeni ve stropé a v poévé pri-
fezu.

Na zakladé rozboru vysledkl Ize konstatovat, Ze tahova poruseni hornin
v poCvé vyrubu nejsou pro provoz zgsobnikovych chodeb nebezpeéna. Tahova
porudeni ve stropnich ¢astech klenutych vyrubl jsou malé velikosti (obvykle vys-
ky 0,5 - 0,6 m), takze mohou vést ke vzniku vyvall o objemu cca 1 - 1,5m?, coz
nikterak podstatné neovlivni vzrast odportl pfi proudéni plynu chodbami. Po
odeznéni vyvalll se vzdy vytvofi autostabilni tvar priifezu.

U vyrubl nepravidelnych tvar( (zejména obdélnikovych) miize porusent strop-
nich ¢asti vyrubl dosahovat vysky 1 - 1,5 m. Z toho rezultuji vyvaly objemd
4 -5 m®. Tyto vyvaly mohou ovlivnit zvy$eni odpor( pfi proudéni plynu, v zadném
pfipadé vsak nedojde k zaplnéni zasobnikové chodby nakypfenou horninou.
Opét vznikne autostabilni tvar vyrubu.

Grafické vystupy feseni ve formé stupné dlouhodobé stability SF a izolinii
maximalniho napéti o, ., = G, jSOU pro nejfrekventovanéjsi tvary vyrubl uvede-
ny pro oy = 120 MPa na obr. 5a 6.

PHASES - A HYBRID STRESE AMALYEIS PACXAGE

FHASES — A HYBRID STALSS ANALYELS PACKAGE

Obr. 5 Vysledky fedeni diouhodobé stability - bézné tvary vyrubl
a - stupen dlouhodobé stability; b - 6,

Fig. 5 Solution results concerning the long-term stabilily - usual shapes of excavations

a - level of long-term stability; b - o,

Representative cases were evaluated as to stability by means of PHASES
software (FEM - Toronto University), and there were always solved extreme
limits of rock stability in plain compression from the interval 120 to 200 MPa,
where o, = (0.1 to 0.06) o,.

It resulted from the performed solution that in rocks having a very high
strength (200 MPa), a long-term stability of excavations, including the stability at
a repeated loading and relieving, is secured with a sufficient safety.

In rocks having strength of 120 MPa, the long-term stability of excavations is
lower, due to a possible occurance of a tensile disturbance in the roof and in the
floor of the cross section.

On the basis of the result analysis, it may be stated that tensile disturbances
of rocks in the floor of the cross section are not dangerous for operation of the
storage galleries. Tensile defects in ceiling parts of vaulted excavations are of
small dimensions (usually 0.5 to 0.6 m high), so that they may cause breaking of
in the volume about 1to 1.5 cub.m which does not affects a resistance increase
of gas passage through the galleries. After the breaking of has faded away,
a self-stabilised cross section shape will always form.

As to excavation of irregular shapes (particularly of an oblong shape), defects
of the roof parts may be 1 up fo 1.5 m high. It causes breaking of in the volume
equal to 4 up to 5 cub.m. The said breaking of may cause an increase of resi-
stance at gas streaming, but in no case the storage corridor might be filled with
loose rock. There arises a selfstable excavation shape again.

Graphic solutions in the form of the stage of a long-term stability of the rock
formation and of isolines of maximum Stress o, .., = O, are mentioned for the
most frequent stope shapes for o, = 120 MPa on Figures 5 and 6.

STORAGE SEALING PLUGS

The tightness of the storage after having been filled with gas, is ensured by
a system of four pressure plugs in two access crosscuts. The interplug space is
packed by a pressure water curtain.

As the maximum assumed operational gas pressure in the storage is higher

PHASKES — A HYBARID SIl.[SS ANALYSIS PACKAGE
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TESNICi ZATKY PzP

Tésnost zasobniku po naplnéni plynem je zajisténa systémem 4 tlakovych
zatek ve dvou pfistupovych prekopech. Mezizéatkovy prostor je tésnén tlakovou
vodni clonou.

Protoze maximalni pfedpokladany provozni tlak plynu v zasobniku je vétsi nez
hydrostaticky tlak vody na plnou vysku nadlozi (12,5 MPa > 9,5 MPa), je potfeb-
ny pfetlak regulovan tlakem dusfku na hladinu vody v zavodfiovacim vrtu, vede-
ném do mezizatkového prostoru.

Tlakové zatky musi byt dostate¢né pevné, kompakini a hutné, a to nejen
pokud se tyka viastniho télesa zatek, ale obdobné pozadavky plati pro sparu
mezi zatkou a okolnim horninovym masivem. Tato spara musi zajistit zejména
stejnou hodnoutu Unosnosti a vodotésnosti ev. plynotésnosti jako materialy, kte-
ré se v této spafe stykaji. Z realné dostupnych stavebnich materidlt bylo moZno
tyto pozadavky Uspésné zajistit betonovymi zatkami.

Z vhodné technologie pro realizaci betonovych tlakovych zatek Ize povazovat:
- monoliticky beton

- prefabrikovany beton

- prepakt beton

- stfikany beton

- urcité kombinace uvedenych technologi.

U v8ech téchto technologii Ize najit fadu pfednosti i nedostatkd. Po peclivém roz-
boru problému navrhnu! projektant provedeni tlakovych zatek ze stiikaného betonu
B 30 s Kari sitémi, které vyztuZovaly téleso zatky proti namahani prostorovym ohy-
bem, vznikajicim v disledku mozného pretlaku na &elo zatky velikosti 12,5 MPa.

STATICKE RESENi ZATEK

Numerické modelovani interakce tlakové zatky a horninového masivu prosto-

PHASES - A IIV_BRID CTRESE ﬂMI.U_lI: PACKACE

Obr. 6 Vysledky fedeni diouhodobé stability - atypické tvary vyrub(
a - stupen dlouhodobé stability; b - 6,

than the hydrostatic pressure of water onto the full overburden height (12.5 MPa
> 9.5 MPa), the needed overpressure is controlled by nitrogen pressure onto the
water surface in the irrigation bore hole directed into the interplug space.

The pressure plugs must be sufficiently strong, compact and consistent, viz.
not only if it concerns the core of the plugs proper, but analogous requirements
are valid for a gap between the plug and its surrounding rock massif. The said
gap must guarantee at least the same value of bearing capacity and watertight-
ness, or gastightness, as materials which are in contact in this gap. From really
accessible building materials there could be successfully applied concrete plugs
for the said requirements,

The following techniques could be considered as suitable for realizing the
concrete plugs:

- monolithic concrete

- prefabricated concrete

- prepacked concrete

- sholcrete

- certain combination of the mentioned technologies.

All the said techniques have many advantages and drawbacks. After a care-
ful analysis of the problem, the designer designed the pressure plugs so that they
may be made of shoicrete B 30 with Kari-nets which reinforced the plug body
against the stress due fo a spatial bending arising due to an overpressure of 12,5
MPa upon the plug face.

STATIC SOLUTION OF THE PLUGS

The numerical interaction modelling of the pressure plug and rock massif by
means of a space model FEM (DOLEZALOVA, 1993) proved that in shotcrete of
the plug there arise, at maximum pressure, dangerous tensile and shearing
stresses:

- maximum calculated tensile stress ¢, = 2.5 MPa

- maximum calculated shearing stress 1, = 5.1 MPa

At the said stresses there was crossed, in many elements of the model plug,

PHAGES - A HYBRAID ETRESE ANALVEIS PACKACE
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Fig. 6 Solution results concerning the long-term stability - atypical shapes of excavations

a - level of long-term stability; b - 0,
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rovym modelem MKP (DoleZalov4, 1993) ukézalo, Ze ve stfikaném betonu zatky
vznikaji pfi maximalnim tlaku nebezpedna tahova a smykovéa namahani:

- maximalni vypo&tové tahové namahani ¢,, = 2,5 MPa

- maximalni vypogtové smykové namahani 1, = 5,1 MPa.

Pfi téchto namahanich byla v mnoha elementech modelované zatky pfekro-
&ena vypodtova pevnost stitkaného betonu B 30 v tahu (R,, = 1,2 MPa), na sty-
ku zétky s horninou byla téméf v poloviné element(i vyéerpana smykova pev-
nost kontaktu.

Nutnost pfeneseni téchto namahani vedla k navrhu pouzit sice stiikaného
betonu, ale s rozptylenou vyztuzi - stiikany dratkobeton (Bartak, 1994).
Dratkobeton je ve srovnan{ s prostym betonem material kvalitnéjsi, houZevnatéj-
&i. Rozptylena vyztuz zachycuje vy$8i tiakova i tahova namahani, brani vzniku
mikrotrhlin od smré&tovani betonu a rozvoji tahovych trhlin v konstrukei.

Nejvy3si hodnotu dosazeného tahového napéti o,, = 2,5 MPa bylo moZno
pokryt pevnostmi stifkaného dratkobetonu tfidy F 40/3,8 (se zaru¢enou pevnos-
i v tlaku R,, = 40 MPa a zarugenou pevnosti v pficném tahu R, - 3,8 MPa), jehoz
vypoctova pevnost ¢ini

_3.8x085
Yo Yum 1.3

Dréatkobeton tfidy F 40/3,8 byl navrzen na objemové vyztuzeni = 0,85%, tj.
66,6 kg dratkd v 1 m® betonu.

Zavedenim laboratorné odzkougenych pevnostnich parametri stifkaného
dréatkobetonu tfidy F 40/3,8 (Trtik et al, 1995) bylo mozno na zakladé vysledki
analyzy napjatostniho feeni prostorovou MKP konstatovat, ze
- tlakova zatka pIné vyhovovala namahani prostorovym ohybem pfi maximalnim

provoznim tlaku 12,5 MPa,

- kontakt zatka - hornina nebyl z podstatné ¢asti poruen smykem. Ve velmi
omezeném rozsahu se vak na kontaktu nachazely elementy, jejichZz smyko-
vé namahani vyhovovalo podmince spolehlivosti; i kdyz u jiného typu kon-
strukce by toto pretizeni omezenych oblasti bylo eliminovano redistribuova-
nym namahanim, vzniklym pfi plastickém pfetvarent, u tiakové zatky plynové-
ho zasobniku pfedstavoval tento stav moznost zvySeni miry rizika selhani.
Pro mimoiadnou investici typu tlakového zasobniku bylo tfeba vétsi diraz

polozit na spinéni podminek spolehlivosti pro unosnost, pouZitelnost a zivotnost,

neZ na protichiidné pisobici poZadavky na hospodarnost konstrukce, coZ potvr-

zovaly zahraniéni zku$enosti (Broch, 1992).

Z tohoto diivodu byly tiakové zétky na zakladé dalsiho matematického mode-
lovani (Dolezalova, 1997) posouzeny ve vétsich dimenzich pfi zachovéani plvod-
niho zakladniho tvaru (obr. 7). Zvétdeni tlakovych zatek na celkovou délku
10 m nepochybné zlepsilo statické plsobeni i nepropustnost zatek a pozitivné
ovlivni jejich Zivotnost (obr. 8).

= 2.5 MPa

REALIZACE A TLAKOVE ZKOUSKY NA DEFINITIVNICH
ZATKACH

Tlakovym uzdvéram (zatkam) a jejich spolehlivé funkci pevnostni i tésnici byla
vénovana mimofadna pozornost, protoZe na jejich kvalité zavisi bezpe¢na funk-
ce celého zasobniku. Z toho divodu byly piimo v podzemi realizovany dva vel-
kopokusy - jednak provedeni a zatéZovaci zkouska pokusné zatky, jednak zku-
gebni nastiik velkoobjemového dratkobetonového télesa cerpadlem MEYCO
SUPREMA s manipulatorem ALIVA. Tyto pokusné konstrukce a souvisejici ¢in-
nosti byly peclivé monitorovany z mnoha hledisek (vylomy, betonaz, tlakové
zkousky, vodotésnost, stabilita), coz umoznilo ziskani celé fady zasadnich

Foto 1 — Pohled do chodeb kavernového zésobniku
Photo 1 - View into galleries of the covern storage

the calculated tensile strength of B 30 shotcrete (R, = 1.2 MPa). In the contact

of the plug with the rock, the shearing strength of the contact was used up, near-

ly in one half of elements.

The necessity of transferring said stresses resulted in the proposal to use
sholcrete, but with a dispersed reinforcement - steel-fiber reinforced (SFR)
shotcrete (Barték, 1994). SFR concrete, in comparison with plain concrete, is
a material of a higher quality and tougher. The dispersed reinforcement catches
higher compression stresses and tensile ones, prevents for microcracks, caused
by concrete shrinking, to arise, and that said cracks in the structure may be enlar-
ged

The maximum value of the achieved tensile stress o,,, = 2.5 MPa could be
covered by strengths of SFR shotcrete of the class F 40/3.8 (with a guaranteed
compression strength: R, = 40 MPa and with a guaranteed cross tensile
strength: R,, = 3.8 MPa), the calculated strength of which amounts to

Rin _ RAyX _ 38x085 _

R = R 2.5MPa
Wire concrete of the class: F 40/3.8, was proposed to a volume reinforcing

u,=0.85 %, i.e. 66,6 kg of steel fibers in 1 cub.m of concrete.

After determining parameters of SFR concrete, tested in a laboratory way, of
the class F 40/3.8 (Titik et al, 1995) it was possible, on the basis of the analysis
of the stress solution by the space FEM, to state, that

the pressure plug was fully suitable for stress caused by a spatial bending at

max. operational pressure of 12.56 MPa,

- the contact: plug - rock was not endangered by a shear considerably. In a very
limited extent, though, there were found elements in the contact, the shearing
stress of which was in compliance with the condition of reliability. In spite of
the fact that as to another type of the structure, the said overioad of limited
areas would be eliminated by a redistributed stress, arisen at a plastic defor-
mation concerning the gas storage plug, the said condition represented the
possibility that the risk of failing will be increased.

For an extraordinary investment of such a type of a pressure storage, it was
necessary to place more emphasis on performing reliability conditions concer-
ning the load capacily, applicability and service life than on requirements of con-
troversial influences concerning the structure economy, which was proved by
foreign experience (Broch, 1992).

That is why the pressure plugs, on the basis of a further mathematic model-
ling (Dolezalovd, 1997), were judged in larger dimensions at keeping the original
basic shape (Fig. 7). When making said pressure plugs bigger, viz. up to total
length of 10 m, the static effect and the impermeability of the plugs were impro-
ved and their service life was affected in a positive way (Fig. 8).

REALIZATION AND PRESSURE TESTS WITH FINAL PLUGS

An extraordinary attention was paid to pressure seals (plugs) and to their reli-
able strength function and sealing one, because the safe function of the whole
storage is depending upon their quality. That is why just in the underground, two
extensive tests were realized - both performance and loading test of the test
plug, and the test spraying of a big volume body, made of SFR shofcrete, by
means of a MEYCO SUPREMA pump with an ALIVA manipulator. The said test
structures and incident activities were carefully monitored from many points of
view (excavations, concrete placing, pressure tests, watertightness, stability)
which made it possible to obtain many fundamental pieces of knowledge applied
when manufacturing the final plugs. The most fundamental information is desc-
ribed in details in further articles of TUNEL No. 2/99:

- An effective system of excavation for pressure plugs which accelerated con-
siderably their realization at a more strict adherence to the excavated shape,

and for a lower disturbance of their surroundings (photograph 3).

Foto 2 - VyUsténf téZebné-vtlaceciho vriu
Photo 2 — The mouth of the gas filling bore hole
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poznatku vyuzitych pii provadéni definitivnich zatek, z nichz ty nejzasadnéjsi

]sou podrobné popsany v dal$ich ¢lancich TUNELU ¢&. 2/99:

Byl nalezen Gcinny systém pro provedenl vonmu tlakovych zatek, ktery pod
statng urychlil jejich realizaci pfi pfesnéj§im dodrzeni tvaru vylomd a mensi
rozvolnéni jejich okoli (foto 3).

- Byl realizovan dokonaly technologicky postup pfipravy betonové smési a jeji-
ho ukladani (stfikani), coZ zarucilo kvalitni jak pevnostni, tak tésnici viastnosti
betonu, Konstrukce tlakovych zatek ze stfikaného dratkobetonu je ve svété
zcela unikatni (foto 4).

- Byl realizovan velmi U¢inny systém zpeviiovaci a tésnici injektaZe polyureta-
novymi hmotami. Rovnéz tento systém je ojedin&ly.

- Tlakové zkousky prokézaly vysokou spolehlivost z hlediska Gnosnosti a dob-
rou shodu s predikovanymi hodnotami z matematického modelu zatky.

- Tésnost tlakovych zatek Ize povaZovat za vynikajici do hodnoty tlaku v mezi-
zétkovém prostoru ve vysi 8 MPa. Tento vysledek s velikosti prisakt mensi
jak 0,5 - 2 I/min. nebyl v CR nikdy na podobnych konstrukcich dosazen.

- Tésnost vnéjsich zatek za tlaku nad 8 MPa je ponékud niZsf nez predpokla-
dal projekt. Tato skute¢nost vedla k navrhu provozovat zkuSebni provoz
zésobniku do tlaku 8 MPa a tlak postupné zvySovat podle rychlosti narlstu
hladiny vody v dole aZ na pozadovanych 12,5 MPa (na kazdych cca 80 -100
m zvy$eni hladiny nad Uroven 21. patra je mozno zvysit tlak v mezizatkovém
prostoru ¢ 1 MPa a tim i tlak plynu v zasobniku).

- Tésnost vnitinich zatek, podle vysledkt méfeni objemovych anikd vody za tla-
ku 14 bard, je naprosto vyhovujici, protoze tlakova diference u téchto zatek
nepfekrodi 5 bartl.

ZAVER

Podzemni zasobnik plynu Pfibram - Haje se podili vyznamnou mérou na skla-
dovacich kapacitach zemniho plynu v CR a i z celosvétového hlediska se jedna
o unikatnf dilo. Jeho realizace dokumentuje moznost vyuZiti podzemniho prosto-
ru pro skladovani energetickych medii - na povrchu zaéina byt trochu tésno
a nepfilis bezpeéno. Uskladnéni vice nez 70 mil. m* zemniho plynu prakticky bez
narokli na povrchové pozemky - technologicky nadzemni objekt s minimalnimi
plosnymi naroky je mimofadné zdafile architektonicky ztvarnén - musi potésit

Foto 3 — Vylom definitivni zatky a uzaviraci prostor
Photo 3 — Excavation for the plug and the closing armour

- There was realized a perfect technological preparation process of a concrete
mixture and of its pouring (spraying), which secured properties of concrete
quality both as to strength and as fo tightness. The application eliminated very
much negative effects of concrete shrinkage. The design of pressure plugs
made of SFR sholcrete is unique in the world (photograph 4).

- There was realized a very effective system of grouting for support and sealing
by means of polyurethane materials. This system is also unique.

- Pressure tests proved a high reliability with respect to the bearing capacity
and a good conformity with predicted values of the mathematic plug model.

- The tightness of the pressure plugs may be considered as excellent up to the
pressure value in the interplug space amounting to 8 MPa. This result with the
quantity of percolation lower than 0.5 to 2 litres per minute has been not yet
achieved in the Czech Republic in analogous structures.

- The tighiness of outside plugs under pressure over 8 MPa is a little lower than
it was assumed in the design. The said fact resulted in a proposal, to perform
a test operation of the storage up to the pressure of 8 MPa, and then to inc-
rease the pressure step by step, with respect to the increase of the water sur-
face in the mine, up to the requested 12.5 MPa (for each about 80 to 100 m of
the water surface increase over the 21st level, the pressure in the interplug
space may be increases by 1 MPa, and in this way the gas pressure in the
storage too).

- The tightness of the inner plugs, with respect to the resulis of measurement of
water volume escapes under pressure of 14 bars, is absolutely acceptable,
because the pressure difference, as to these plugs, shall not cross 5 bars,

CONCLUSION

The underground gas storage of Pfibram - Héje represents a considerable
part of storing capacities of natural gas in the Czech Republic, and even from the
world point of view, it is a unique work. Its realization proves the possibility to uti-
lize an underground space for storing power media. The space on the ground
surface starts to be tight and not too safe. To store more than 70 mil cub.m of
natural gas, in fact without requirements concerning lands - the technological
surface building, with minimum area requirements, is exceptionally well made
even from the architectonic point of view - must please everybody for whom pro-
tection and forming of environment are not only empty words.

Geotechnical experience gained during the construction of this underground
gas storage is extraordinarily important with respect to the prospect of investiga-

Foto 4 — Stiikany dratkobeton zatky
Photo 4 — Steel-fiber reinforced shotcrete of the plug
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kazdeého, pro néjz ochrana a tvorba Zivotniho prostfedi neni prazdnym pojmem.

Geotechnické zkudenosti z vystavby podzemniho zasobniku jsou mimofadné
pfinosné z hlediska prizkumnych, projektovych, provadécich a monitorovacich
praci na podzemnich stavbach ve velkych hloubkach.

V Ceské republice je jiz deldi dobu sledovana moznost & spise potfeba
vystavby podzemniho hlubinného (lozisté radioaktivniho odpadu, pfedevsim
vyhofelého jaderného paliva. Umisténi tohoto UloZisté bude vyZadovat v nadich
podminkach nalezeni kvalitniho granitového masivu, ktery bude rozfaran v hioub-
ce min. 1000 m,

Paralela s podminkami razeb na PZP je zfejma a nikoliv ndhodou je v této
souvislosti diskutovana moznost vystavby podzemni laboratofe na vyzkum pro-
blematiky ukladani vysoce radioaktivniho odpadu v blizkosti PZP, s vyuzitim
Sachty ¢. 16 jako pfistupové komunikace. Nenf tudiz vylouceno, Ze se s jamou
¢. 16, ktera je se svymi 1838 m nejhlubdi jamou ve stfedni Evropé, a na niz byl
15. 7. 1998 oficielné zastaven provoz, setkame i v nepiili§ vzdalené budouc-
nosti.
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tion, engineering, operation and monitoring of underground structures to be built
in extreme depths in the future.

In the Czech Republic there has been pursued for a a long time a possibility,
in fact a necessity, to construct a deep underground repository for radioactive
waste, particularly of burnt out nuclear fuel. The location of said repository in our
country will require to find a granite massif of high quality, in which driving works
shall start in the depth of min. 1000 m.

It is evident that the solution is analogous with excavation of a UGS, and it is
not a chance that in this connection there is discussed a possibility to construct
an underground laboratory for a research of problems how to deposit very radi-
oactive waste near UGS, with utilizing the shaft No. 16 as an access way. That
is why it is not impossible that the pit No.16 which is with its 1838 m the deepest
pit in Middle Europe, and the operation of which was officially stopped on July
15, 1998, will come in question in the near future again.
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TLAKOVE UZAVERY PODZEMNIHO ZASOBNIKU

PRESSURE SEALS OF AN UNDERGROUND STORAGE

ING. V. BRAUN, J. CALETKA A KOLEKTIV D01, SUBTERRA A.S.

uvoD

V soucasné dobé probiha zkusebni provoz na vyznamné plynarenské stavbé
dokoncéené v poloviné roku 1998. Jedna se o podzemni zasobnik zemniho plynu
v lokalité Pfibram-Haje, ktery je urlen ke kratkodobé regulaci v nerovnovaze
mezi mnozstvim plynu pfepravovaného ze zahranici a jeho mistni spotfebou.
Radi se mezi nejvykonnéjsi zafizeni tohoto druhu a ma slouZit pro oblast stfed-
nich Cech véetné Prahy. Efektivity a vysokého vykonu dosahuje tim, Ze pfi ukla-
dani je zemni plyn stlaovan tlakem az 12,5 MPa. Tyto tlakové poméry je mozné
docilovat pouze v prostfedich hlubinnych podzemnich zasobnikl s odpovidajici
geologickou stavbou. Tento kavernovy zasobnik byl vylaman ve skalnim masivu
v hloubce cca 1000 m pod povrchem terénu. Pro realizaci tohoto dila byla vyuzi-
ta stavajici tézni véz se systémem podzemnich chodeb vzniklych téZebni ¢innosti
uranovych urd v minulém obodbi.

Stavebnik: Transgas s.p. Praha

Gen. Projektant: Plynoprojekt a.s.

Vy$8i dodavatel: DIAMO s.p., 0.z. SUL Pfibram

Vystavba zasobniku:

Jednim z technicky naroénych objektl podzemni &asti této stavby bylo zhotove-
ni tlakovych uzavérl zasobniku tzv, zatek.

KONSTRUKCE TLAKOVYCH UZAVERU

Oddeéleni akumulaéniho prostoru zasobniku od pfistupovych chodeb, kterymi
byl béhem vystavby odvazen veskery odtézeny material z razby kaverny, zajis-
tuji tlakové uzavéry. Na obou pfekopech jsou navrzeny dvojice hrazi, mezi nimiz
uzaviené chodby tvofi tzv. mezizatkovy prostor, ktery je naplnén vodou a je
uréen pro regulaéni funkci v zavislosti na pInéni a prazdnéni plynu v zasobniku.

Kazda zatka musf svoji konstrukci odolavat tlakové sile vyvolané rozdilem tla-
kovych pomérl pred a za zatkou a zamezovat pronikani plynu, resp. vody
zatkou. Rozdil tlaku béhem provozovani zasobniku miize dosahnout hodnot az
do 12,5 MPa (havarijni stav pfedpoklada 13,5 MPa), pfic¢emz se bude ménit i
smér plsobiciho zatizeni.

Zatky jsou vetknuty do horninového masivu, jsou provedeny z betonu vyztu-
Zeného rozptylenou vyztuzi — drdkobetonem. Jejich déika je 10,0 m, prifez
vychazi z tvaru profilu stavajici chodby pfekop( a jeho plocha se po délce méni
od cca 13,5 m? do 34 m2,

Vylomové prace objektu zatek byly zapocaty v dubnu roku 1997, stavebni
dokonCenost objektu véetné Uprav pfedpoli zatek nastala v dubnu roku 1998.
Dodavku zajistovala divize 01 Spoleénosti Subterra.

VYLOM OBRYSU ZATEK

Samostatnou kapitolou zhotoveni zatek plynového zasobniku je vylom prosto-
ru budoucich zatek ve skalnim masivu. Zatky byly celkem ¢tyfi a byly navrzeny
na 5. a 6. pfekopu na 21. patfe Sachty 16 Pfibram Héje.

Projekt pozadoval vylomit prostor v podobé idealniho vélce, zakonéeného §ik-
minou, Vlastni vylom spoCival v pfibitkach délky cca 1,2 m po celém obvodu
chodby a zhotoveni $ikminy. Objem vylomu jedné zatky byl v priméru 95 m?
rostlé horniny,

S ohledem na co nejvy$si nepropustnost hory v bezprostfednim okoli zatek,
pozadoval projektant naruSeni horniny po vylomu maximainé do 20 cm od vyru-
bu zatek. Z tohoto diivodu bylo rozhodnuto, Ze vylom se uskuteéni ,odlamanim”
horniny pomoci hydraulického rozpojovaciho systému ,DARDA". Tento zplisob
se v praxi neosveédcil, nebot po kazdém vyvrtu zlistaly cca 18 cm hluboké ,pis-
taly”, dané konstrukei hydraulického rozpojovaciho klinu Dardy. Tyto zbytky vyvr-
tl predstavovaly znacny problém pifi jejich nasledném zaplinénf stiikanym beto-
nem a tim i nebezpedi netésnosti okoli zatek. Navic byl takovyto ,vylom* ne-
(mémé zdlouhavy a neproduktivni.

Proto bylo rozhodnuto, Ze se vylom uskute¢ni pomoci trhacich praci. Projekt
trhacich praci vypracovala odborna firma Barto§ Engeneering z Brna. Dle tohoto
projektu byla vylom pfibirek rozdélen na VI fazi s tim, ze se celkova piibirka
1,2 m rozdéli na dva zabéry a 0,6 m. Postupné se vystreli boky, strop a nakonec

INTRODUCTION

A significant part of the gas distribution system, the underground natural gas
storage in the Pribram locality, completed in the middle of 1998, is currently
under the test operation. This storage, which will serve for the region of ceniral
Bohemia, including Prague, has been built to solve the need of a short term con-
trol of the imbalance between the volume of foreign supplies of gas and the local
consumption. It easily ranks with the most efficient facilities of this kind. The effi-
ciency and high output are achieved by compressing the natural gas by the pres-
sure up to 12.5 MPa. Such the pressure conditions can be oblained in deep
underground storage facilities in a suitable rock environment. This cavern stora-
ge was excavated in a rock massif in the depth of about 1,000 m under the sur-
face level. The advantage of an existing head frame with a system of underg-
round adits, which originated during extraction of uranium ores in the past cen-
tury, was taken of for the project.

Owner: Transgas s.p. Praha

Architect : Plynoprojekt a.s.

Main Contractor: DIAMO s.p., 0.z. SUL Pribram

Construction of the storage:

The construction of the pressure seals of the storage, called "plugs”, ranked
among the technically demanding works on the underground part of the project.

THE PRESSURE SEALS STRUCTURE

The pressure seals provide a separation of the accummulation space of the
storage from access adits, which were used for hauling muck out of the cavern
in the course of the construction work. There is one couple of locks on each of
the two crosscuts. The adit section belween the locks, which is filled with water,
is designed to perform a regulation function, in dependence on filling and emp-
tying of the storage.

Each of the plug structures must be able to withstand a pressure force intro-
duced as a result of the difference of the pressures at the facing and back sides
of the plug, and to prevent the gas and water penetration through the plug. The
pressure difference during the storage operation can reach the value of 12.5
MPa (13.5 MPa is assumed for an emergency situation), while the pressure
direction will be changed too.

The plugs, made of steel fiber reinforced concrete, are anchored into the rock
massif. Their length is of 10.0 m each, their cross section is based on the shape
of the profile of the existing crosscut adits. lts area varies along the length from
about 13.5 n' to 34 n?.

Excavation work on the plugs started in April 1997, and the works, including

the foreground of the plugs, were completed in April 1999. The contract was per-
formed by Subterra a.s., Division 01.

CONTOUR EXCAVATION FOR THE SEALS

1. Invert excavation - phase 1
2. Sides and top heading excavation - phase 1

3. Leveling of muck for further drilling + geophysical measurement of the exca-
vation
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potva. Vylom Sikminy bude provadén vzdy soucasné s kazdou fazi pfibirky.

Navrzena technologie vylomu zéatek byla nejdfive ovéfena na zkusebni zatce.
Na zékiadé praktickych zkuSenosti na této zkudebni zatce bylo nasledné upra-
veno jak vriné schéma, tak i zplisob nabijeni i zplsob roznétu. Doslo také ke
zméné rozfazovani jednotlivych etap vylomu. Radikéinich zmén doznal prede-
v&8im vylom Sikminy na konci télesa zatky. Proti plvodnimu zdméru postupného
odstrelu Sikminy sougasné s jednotlivymi fazemi pfibirek se rozhodlo, Ze $ikmina
bude odlomena v celé délce (po ukonéeni 2. faze vylomu celého ,valce™). Délka
téchto Sikmych vrth v délce 2,64 m si vyzadala i pouZiti trhaviny OBRYSIT s
jednou poginovou ndlozi Perunit (konstrukce néloze: 1x nélozka Obrysitu + 1x
0,1 kg Perunitu + 10x nalozka Obrysitu). K hladkému odlomu vyrazné pispélo i
smérové drazkovani (smérova Stérbina) téchto Sikmych obrysowvych vrti.

Neméné dllezité byly i zkuSenosti ziskané pfi zplisobu navrtani vyvrtd dle vrt-
ného schématu. Bylo velmi sloZité dodrzet neobyéejné naroénou presnost jak
délek, tak i prostorovych smérl vyvrtd. Zkudenost s vylomem zku$ebni zatky jed-
nozanéné vyloucila moznost ruéniho vrtani ze stativu. Proto byla od fy. HARTL
zakoupena vrtaci souprava LVS 250 (lavicova vrtaci souprava), ktera nase naro-
ky splnila. | tak bylo velmi sloZité pfesné ustanovit vrtaci soupravu do vychozi
polohy — pfedevsim po prvnim vylomu bokd. Po dohodé s méii¢i byly nejdrive
osazeny smérové prizory a pozdéji zabudovan laser. | tak se tyto naroéné vrta-
ci a trhaci prace zdamé uskutecnily jen diky stalé pfitomnosti a tésné sou¢innosti
méfice, technického dozoru stfediska a pracovnikl divize s vlastni osadkou na
dile.

ORGANIZACE VYLOMOVYCH PRACI BYLA NASLEDUJICI:

. Vylom potvy — 1. faze
. Vylom obou bokU a stropu — 1. faze
. Srovnani (planyrka) rubaniny pro dalsi vrtani + geofyzikaini proméfeni vyrubu
. Vylom bok( a stropu (pfesna délka vyvrtll na koneénou délku) — 2. faze (moz-
no spojit s vylomem Sikmin boku a stropu v celé délce)
5. Kontrola vylomu profilerem {moZzné pfibirky) a odtéZeni rubaniny — vycisténi
pocvy
. Vylom poévy — 2 faze vylomu pfibirek + vylom Sikminy poévy
. Odtézeni rubaniny, vycisténi, kontroly rozmérl, geofyzikaini méreni vyrubu,
pfevzeti TDI
Pozd&ji se (po zapracovani osédky a zdokonaleni vrtnych praci) preslo na
odpal celé 2. faze pfibirek najednou v celém prostoru zétky. Pfi tomto zpUsobu
bylo nabijeno a odpaleno vice jak 400 ks nalozi najednou. Pro bezpeény odpal
bylo zvoleno sérioparaleini zapojenf okruhu, coZ zplsobovalo (spoleéné se zata-
pénim pocvy) stfetmistrim nemalé problémy.
Naroénd byla i (investorem vyZadovana) nasledna kontrola vylomeného profi-
lu méfiéem — prvné byl pro kontrolu a zdokumentovani vylomu pouzit profiler.
Tento pfistroj se v praxi piné osvédgil a prokézal kvalitu provedenych praci.

W N =

~N O

Obr. 1 Manipulator ALIVA pouZity ke stiikani dratkobetonu

4. Sides and top heading excavation (exact length of boreholes fo the final
depth) - phase 2 (it is possible do excavate together with inclined parts of the
sides and the roof within the total length)

5. Excavation check with profiler (enlarging is possible) and mucking out - invert
clearing

6. Invert excavation - phase 2 of excavation of inclined parts + excavation of inc-
lined part of the invert

~N

Mucking out, clearing, dimensions check, geophysical measurement of the
excavation, taking over by resident engineer.

Later on, when the learning curve was over, the phase 2 of the inclined works,
within the whole space of the plug, was blasted as a whole. For this, over 400
pieces of charges were loaded and blasted at a time. To secure a safe blasting,
a series parallel connection of the circuit was elected, although it caused consi-
derable problems to blasting managers.

The subsequent check-up of the excavated profile by the measuring device,
which was required by the owner, was also demanding. It was for the first time
that a profiler was used for excavation check-up and recording. This device pro-
ved fully competent in the praxis, and it furnished a proof of good quality of the
works performed.

Precision of the excavation can be proved by the fact that designer's deman-
ding excavation tolerances, required by the design (underbreaks less than 5 cm)
were mef, with overbreaks not exceeding 10 cm.

Just for you, to imagine how the designer and owner were exacting, | would
like to present the fact that each phase of excavation had to be followed by mea-
surement of seismic load on the surroundings of the plugs. However, affection
did not exceed the depth of 20 cm, which was less than the design required. As
a part of the handing over process, we had to make the Schmidt hammer
rebound test to check up the impact of excavation on the rock. The whole surfa-
ce of the excavation was checked up in a dense grid of check points to ascenta-
in whether the prescribed compressive sirength was maintained. If a value lower
than the one demanded by the detailed design was determined by the measure-
ment, resident engineer ordered that such a place be removed with pneumatic
pick down fo the firm base. Sometimes, this exacting operation took more than
36 hours due to the rock massif getting progressively loose.

Fig. 1 Manipulator ALIVA applied for spraying steel fibre reinforced concrete
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Obr. 1 - -
Vitné schéma : 1. ETAPA vylomu s pouZitim Obrysitu ! [
Blast Pattern:  Stage 1 of the excavation with Obrysit explosive

3 \rs-aé.\ L |04 | 04 |os

Obr. 2
Vrtné schéma 2. ETAPA vylomu s pouzitim Obrysitu
Blast Pattern:  Stage 2 of the excavation with Obrysit explosive

NaloZ v jednom vyvrtu: 0,1 kg Perunit; 0,66 kg Obrysit (11 naloZek )

Charge in one hole: 0,1 kg Perunit; 0,66 kg Obrysit (11 cartridges ) 0,06 Kg Obrysit

0,1 Kg PE ucpavka

padding

"Valec" tlakové zatky
"Cylinder” of the plug

Obr. 3

13 m

X

Blast Pattern:  Stage 3 of the excavation with Obrysit explosive
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O presnoti vylomu své&dci skutenot, Ze byly dodrZeny pfisné pozadavky pro-
jektanta na tolerance vylomu (nedolomy max. 5 cm) a nadvylomy nepresahly 10
cm.
Pro pfedstavu naronosti projektanta a investora uvadim, Ze po kazdé fazi
vylomu nasledovalo méfeni seizmického zazizeni okoli vyrubu zatek. Narugeni
vak nepfekrogilo 20 cm — méné, nez pozadoval projekt. Soudasti prevzeti vylo-
mu zatky byla kontrola narudeni hory pomoci Schmidtova kladiva, Cela plocha
vyrubu se v hustém rastru kontrolnich bod(i provéiila, zda vykazuje stanovenou
pevnost v tlaku. V pfipadé naméfeni hodnoty nizsi nez stanovené v PD, nafidil
TDI odsbijet toto misto az na pevny podklad. Tato naroéna operace trvala nékdy
(s ohledem na postupné rozvodiovani skalniho masivu) vice jak 36 hod.

Pro dplnost uvadim spotfebu trhavin a el. rozbusek:
- v priméru bylo na jednu zatku spotfebovano 98,9 kg Perunitu, 56,16 kg

Obrysitu a 690 ks el. rozbudek typ METRO 36°. Skute¢nd mérnd spotieba

trhavin Cinila 1,62 kg/1 m* vylomu (projektovana 1,8 kg/1 m?).

Zavérem lze konstatovat, ze velmi dobry vysledek provedenych praci ovlivnilo:

a) Kvalitni navrh trhacich praci

b) Moznost provéreni projekt. zamérl na zkuSebni zatce — praktické zkuSenosti
vyrazné pozitivné ovlivnily vedeni praci na skuteénych zatkach

¢) Fundované méfické vedeni dila, stala pfitomnost méfice v soudinnosti s VTP
divize

d) Kvalitni PD zatek, tviréi soudinnost projektanta, investora a stavby pfi vystav-
bé

e) Mimofadna naro€nost investora a v dlsledku toho i naroénost technikdl pro-
vadéciho stfediska, pfenesena az na (rovén lamact

Obr. 4
Rozdéleni na betonazni bloky
Division into concrete blocks

Obr. 4a
Rozdéleni na injektazni celky
Division into grouted sections

For completeness sake, | am stating the consumption of electric detonators:

- As an average, 98.4 kg of Perunit, 56.16 kg of Obrysit and 690 pcs of MET-
RO 36° electric detonators were consumed for one plug. The real consumpti-
on of explosives amounted to 1.62 kg per 1 n? of the excavation (1.8 kg per
1 m’ designed). .

To close, it is possible to state that the very good result of the works executed

was reached by virtue of:

a) A good quality of the design

b) The possibility to check up on the designer's ideas by practical work on the
trial plug. The experience gained had a positive influence on the method of
the work on the real plugs.

c) The well-grounded surveyor's control of the works, permanent presence of
surveyors on the site and their cooperation with divisional drilf and shot supe-
rintendent

d) A good quality of the detailed design of the plugs, a creative collaboration
with designer, owner and site management during the construction work

e) Owner's extraordinary exactness and, as a result of that, exactness of the
contractor's site management, spread down fo the level of miners.

CONSTRUCTION OF THE PLUGS

First discussions about variants which could be used to fill the space evacua-
ted after the contour excavation for the plugs took already place in 1995. The
designer set extraordinary mechanical demands on the resulting properties of
the plugs constiuction material. It was necessary to count on a reinforced conc-
rete with guaranteed compressive strength of 40 MPa, guaranteed transversal
tensile strength of 3.8 MPa, and watertightness complying with V12 criterion. The
level of watertightness was based on the highest degree specified by standards
for which a method of testing on concrete samples still exists. In reality, the struc-
ture of the plugs must meet the watertighiness and gas-tightness criteria in the
conditions of pressure difference effect up to 13.5 MPa. This pressure can be
compared to the pressure of a water cylinder 1,350 m high.

Eventually, steelfiber reinforced concrete was chosen out of the considered
variants for the plugs structure. The deciding advantage of this method of appli-
cation of concrete, compared to the use of cast concrete, was in suitably positi-
oned fayers of shotcrete in relation to the direction of the applied load. Planes of
discontinuity in a concrete structure, if any, can occur in a position perpendicular
to the direction of the shortest path for penetration of water or gas. Better results
were also achieved in omnidirectional dispersion of the steel fibers in concrete.

The design was supported by the results of measurements achieved on a seri-
es of laboratory tests and semi-service evaluation tests of steelfiber shotcrete
samples applied by the method under consideration.

To be able to cope with this demanding task in its entirety, we needed a close
collaboration with many distinguished domestic experts in the field of concrete
structures. The whole conception of the plugs construction was developed in
cooperation with the staff of department of the Czech Technical University in
Prague, the Civil Engineering faculty, department of concrete structures and brid-
ges.

Obr. 5
Schéma kontaktni injektaze
Contact grouting chart
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ZHOTOVENI ZATEK

Prvé diskuse o variantach, kterymi bude dosazeno zaplnéni prostoru uvolnéné-
ho po vylomu obrysu zatek betonem, se probiraly jiz od roku 1995. Projektant pro
vysledné vlastnosti konstrukéniho materialu zétek stanovil mimofadné mechanic-
ké naroky. Bylo tfeba uvazovat s vyztuZzenym betonem se zarucenou pevnosti v
tlaku 40 MPa, v piitném tahu 3,8 MPa, a vodotésnosti splhujici kriterium V12,
Piitom hodnota vodotésnosti vychazela z normativné nejvyssiho stupné, pro ktery
existuje i metodika odzkoueni na vzorcich betonu. Ve skutecnosti konstrukce
zatek musi splfiovat kriterium vodotésnosti a plynotésnosti v podminkach plsobi-
ciho rozdilu tlaku az 13,5 MPa, ktery je mozno vyjadiit sloupcem vody vysokym
1350 m. Z jednotlivych variant, které pfichdzely v Gvahu pro vytvofeni konstrukce
zatek, bylo nakonec vybrano feseni za pouziti dratkobetonu uklddaného stfikanim.
Mezi rozhodujici piednosti této formy betonaze oproti pouZiti littho betonu patfila
vyhodna poloha ukladanych vrstev oproti sméru plsobiciho zatizeni. Pfipadné plo-
chy nespojitosti ve struktafe betonu mohou vznikat v poloze kolmé na smér néj-
kratsi drahy pro pranik vody, resp. plynu. Nastiikem se prokazaly téz iepsi vysled-
ky v docileni vS8esmémé orientace rozptylenych dratk v betonu.

Navrh se opiral o vysledky méfeni dosazenych na fadé zkousek provedenych
laboratorné a poloprovozné na vzorcich dratkobetonu nastfikaného uvazovanou
technologil.

Zvladnuti tohoto naro¢ného Ukolu v celé potfebné $ifi si vyzadalo Uzkou spo-
lupréci s fadou vyznamnych tuzemskych odbornik® v oboru betonu. Celkova
koncepce vystavby zatek vznikala za tcasti kolektivu pracovniki katedry beto-
novych konstrukci a mostl stavebni fakulty CVUT Praha.

TECHNOLOGICKY POSTUP BETONAZE

Zvolena metoda betondze téles zatek mokrou cestou stiikaného dratkobetonu
byla rozpracovana k docileni projektem specifikovanych poZadavkd a dle konkrét-
nich podminek v misté betonazi. Snahou bylo vytvofit systém, pii kterém by se
maximélné omezil rozsah provadénych ¢innosti v podzemi na minimum, a ty které
to umoznuji, provadét v predstihu za pfiznivéjdich podminek na povrchu.
Pfikladem je ¢ast vyroby Cerstvého betonu. Jeho prva faze probihala za standard-
nich podminek v dobie vybavené vyrobné a vystupem byla zakladni prefabrikova-
na smés presného sloZeni. Takto pfipravend smés, zabezpecena proti vihkosti,
byla postupné dopravovana do podzemi tak, aby kapacitné neohrozila pribéh uva-
Zované betondZe a zaroved nevyvolala komplikace v disledku zablokovani
dopravnich cest. Na betonaznich centrech, instalovanych v podzemi, se jejich obs-
luha mohla soustfedit pouze na dodrzeni spravného davkovani vody a dratkd do
smési a na nasledné michani pfesné stanovenou dobu. Daldim dlleZitym krokem
pro sestaveni postupu provadéni byl vybér sestavy mechanizm(, pfedevsim pak
uréeni spolehlivého zafizeni pro stfikni a ovladani trysky. Pivodné navrZené stro-
je pouzité ke zhotoveni prvého zkusebniho télesa (pfipravné prace v srpnu roku
1996 v podzemi) se plné neosvédCily pro tento Ucel a bylo nutné je zaménit. Stav
byl feden pofizenim éerpadia, které je konstruovano pro naroéna uplatnéni se spe-
cialnimi vlastnostmi pro rezim stikani betonu mokrou cestou. K vedeni trysky pro
nastfik byl zajidtén manipulator s odpovidajicim dosahem.

Ustiedni technologicky problém spocival ve vyfedeni otdzky jakym postupem
téleso zatky vybetonovat. Vyplnéni prostoru pro jednu zatku reprezentovalo cca
220 m? dratkobetonu, pficemz délka télesa ¢inila 10,0 m. Jednalo se tedy o kon-
strukei, kterou nelze betonovat najednou veelku, ale postupné po betonaznich
zabérech. Ureni velikosti jednotlivych betonaznich blokd znamenalo volit tako-
vou délku betonazniho zabéru, ktera:

— vyvola v éerstvé ulozeném betonu jesté prijatelné podminky pro pribéh hydra-
tace — teplota v mase betonu nepfestoupi jesté inosnou mez

- zajisti, aby v profilu nastfikaného bloku nenastal smérem k ochlazovanym plo-
cham takovy teplotni spad, ktery by erstvy dratkobeton nepfenesl a vznikaji-
ci struktura by mohla byt porusena trhlinkami

Udelem bylo optimalizovat dvé protichlidna hlediska. Zmensovanim velikosti
blokd je dosahovéna niz$i droven akumulované teploty v bloku a tim vznikaji pfiz-
nivéjsi podminky pro pribéh hydratace. Pro konstrukei zatky véak nariista pocet
spar, které tuto konstrukci déli a tim se zvySuje pocet mist oslabeni konstrukce z
hlediska statiky i vodotésnosti. Kone¢né rozdéleni zatky na bloky muselo dale
respektovat podminky pro provadéni navazujicich injektazi piikontakini zény na
jejim obrysu.

K ziskéni co nejvérohodnéjsich tdajl o teplotnich pomérech v pribéhu zrani
dratkobetonu byly uskutetnény vypodty na katedfe fyziky CVUT Praha pomoci
matematickych modell pro rtizné tl. blokd. Dalsi zpfesnéni nastalo méfenimi na
dvou zku$ebnich télesech realizovanych v blizkosti dila. Pfesto nékteré vypocty
s naméfenymi hodnotami nekorespondovali a tfeba v otazce rychlosti odvadéni
tepla ochlazovanymi plochami se jednotlivé odhady znaéné lisily. Tyto informace
byly dllezité pro uréeni ¢asovych odstupl mezi jednotlivymi betonézemi, béhem
nichZ se za stabilizovanych pomért provadély injektaze piikontaktni zény na roz-
hrani horniny a drétkobetonu. Stabilizovanymi poméry se pfitom rozumi stav, pfi
kterém jiz odeznély objemové zmény v chladnoucim bloku v takovém méfitku,
kdy zbytkovou kontrakei na kontaktu je schopna prenést bez vzniku trhlin hmota
dodana injektazi. Uplnému rozsahu injektaznich praci na objektu tlakovych uza-
vérll je vénovan prispévek ing. Ciglera z fy CarboGrouting a.s.

BETONAZ ZATEK

Betondz zatek byla zahdjena nasledné po fadé ¢innosti, které v zasadé vylo-
mem urcily tvary a objemy jednotlivych zatek a injektaZnimi pracemi byla ukon-

TECHNOLOGICAL PROCEDURE OF CONCRETING

The method of wet steelfiber reinforced shotcrete, adopted for concreting of
the seals, was developed with the objective to meet the designed parameters,
with respect paid to the conditions on the site. An effort was made to develop
a system reducing the extent of the scope of work to be done in the underground
to a minimum, and to do in advance those elements of work which could be done
on the surface. We can use the production of fresh concrete as an example. lts
first phase took place under standard conditions, in a well equipped plant, which
produced a basic prefabricated mix with an exact composition. The mix, prepa-
red in such the manner, secured against moisture and humidity, was consecuti-
vely transported to the underground in such a way which would not, on one hand,
Jeopardize the progress of placing concrete from the capacity aspect and, on the
other hand, create troubles by blocking the transport routes. Operators of the
concrete mixing centers installed in the underground could concentrate on main-
taining of correct dosage of water and steel fibers into the mix, and then on kee-
ping the exactly designed time of mixing. Another step important for development
of the method statement was to select the set of equipment, and determine a re-
liable equipment for spraying and the nozzle control. The originally proposed
machines, used for preparation of the first sample (preparation works in the
underground in August, 1996) did not prove right for this purpose and they had
to be replaced. The issue was solved by purchasing of a pump, which is desig-
ned for demanding applications, with special features for wet shotcrete spraying.
For control of the spraying nozzle, we provided a manipulator with a correspon-
ding reach.

The focal technological trouble consisted in solving the issue of the plug conc-
reting procedure. Filling of the space of one plug represented about 220 m3 of
steelfiber reinforced shotcrete, while the length of its body amounted to 10.0 m.
It was obvious that that was not a structure which could be cast as a single pie-
ce, that it would have to be done in steps. The size of the individual concrete
blocks had to be designed with such a length of the particular rounds which
would:

- allow development of such a temperature in the concrete mass which would
not exceed an acceptable limit by creating conditions in the green concrete
still acceptable for the hydration process

- provide against occurrence of such a temperature gradient in the direction
towards the cooled surfaces of the applied shotcrete which could not be tran-
sferred by the green steelfiber reinforced shotcrete, and the arising structure
would be damaged by cracking.

The task was to optimize two conflicting aspects. On one hand, by decreasing
the size of the blocks, we achieve lower level of accumulated temperature in the
block, thus the conditions of the hydration process improve. On the other hand,
the number of joints dividing the plug structure increases, thus the number of pla-
ces weak from the aspect of statics and waltertighiness increases. In addition, the
final solution had to respect the conditions for execution of the successive con-
four zone grouting.

To obtain as reliable data on the temperature conditions during curing of ste-
elfiber reinforced concrete as possible, the department of physics of the
Technical University in Prague developed calculations by means of mathemati-
cal models for blocks of various thickness. Another precision was given to the
calculation by measurements taken on two test samples executed in the vicinity
of the works. Despite that, some of the calculation results did not correspond with
the measured ones. For example, regarding the heat abstraction rate through the
cooled surfaces, the individual assumptions differed significantly. This informati-
on was important for determination of time gaps between the individual spraying
operations, during which pauses the contact grouting at the rock and shotcrete
interface was performed in stabilized conditions. Stabilized conditions means the
state when the volume changes in the cooling down block have faded in such
a scale that the material supplied by the grouting is able to transfer the residual
contraction at the interface. The complete scope of the grouting work on the
structure of pressure seals has been described in the paper by ing. Cigler,
CarboGrouting a.s. in the issue no. 1/99.

CONCRETING OF THE PLUGS

Concreting operation started successively after a series of works, mainly
excavations, which had determined the shape and volume of the individual
plugs. Grouting work finished the preparation of the rock massifin the vicinity of
the plugs. The position of the plugs predetermined a principle that it was possib-
le to produce the plugs in pairs at a time. Concreting of the individual blocks pro-
ceeded alternately between the plugs of a relevant pair of plugs. So called exter-
nal plugs (the pair of plugs facing the accumulation storage space) were conc-
refed as first. Then the space between the plugs was fitted with a monitoring equ-
ioment. After the monitoring was completed and tested, this space was closed

S -
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¢ena Uprava horninového masivu v okoli zatek. Poloha zéatek piedur¢ovala zasa-
du, Ze bylo mozné hotovit vzdy dvé zatky v soub&hu. Betona? jednotlivych blokl
postupovala stfidavé mezi témito dvojicemi zatek. Nejprve byly betonovany tzv.
vneéjsi zatky (dvojice zatek smérem do jimaciho prostou zésobniku). Nasledné
byla vybavovan mezizatkovy prostor monitorovacim zafizenim. Po dokonéeni a
odzkousen/ funkce monitoringu byl mezizatkovy prostor uzavien a piistoupilo se
k betondzim vnitfnich zatek. K betonazim zatek patfily jesté Cpravy skalniho
povrchu chodeb prekoptl pied a za zatkou do vzdalenosti 10,0 m, resp. 5,0 m.
Osténi chodeb byly opatfovany vrstvou stiikaného betonu na pfedem zainjekto-
vany horninovy kontakt.

Vlastni betonaz dila zahrnovala priibéh celého fetézce od vyroby zékladnf
betonové smési az po jeji ulozeni, Jak jiz bylo v pfedchozi ¢asti zminéno poloto-
var ve formé zaladni prefabrikované smési byl vyrdbén ve vyrobné suchych smé-
si na povrchu. VysuSena smés dané receptury byla balena do PE oballl a v
mnozstvi reprezentujici jednu zamés ukladana do kovovych palet s bocnicemi.
Bez dalSiho pfelozeni byla transportovana do podzemi a v idedlnim pfipadé pii-
mo vysypavana do nasypky michaciho centra u podzemni betonarny. Tento
postup nebylo mozné vzdy dodrZet, nebot kapacita kolejové dopravy v podzemi
nestacila pozadavku na pribézné zasobovani betonarny smési pro michani a
bylo pfistoupeno k uréitému pfedzasobeni pfed zahajenim betonéze.

Béhem michani byla dodana davka zamésove vody a nasledné piimés drat-
kii. Zamés Cerstvého betonu objemu 0,33 m* byla vypousténa do diiniho domi-
chéavaée a po jeho naplnéni (1 m?) pfepravovéna po kolejich na pracovisté k mis-
tu postaveni ¢erpadla. Ke stfikani smési slouzilo pistové ¢erpadlo vybaveni pies-
nym davkovacim zafizenim pro urychlovac. Toto éerpadlo spliiovalo poZzadavek
na Cerpani Cerstvého betonu o vysokém podilu dratkt (90 kg/m®) a déle se
vyznacovalo vhodnym rezimem pro nastfik, pfi kterém se prakticky nevyskyto-
valy pulsace. K vedeni trkysky b&hem nastfiku byl pouzivan manipulator.

Betonaz zatek se skladala z betondZnich zabérd — blokl. V jednom betonaz-
nim zabéru probihala betonaz souvisle tak, aby v nastfikaném bloku nevznikly
zadné pracovni spary. Mocnost jednotlivych blokl byla urcovana die hledisek
popisovanych v kap. ,Technologicky postup betonaze* a pohybovala se v rozme-
zi 1,0 m do 2,4 m. Po ukonceéni betonaze bloku byly do vzniklého télesa okamzité
osazovany teplotni gidla pro méfeni prabéhu teplot. Cidla se zasunovala do vyvr-
tanych otvorl ve stanoveném rastru tak, aby mérenimi byly podavany informace
jak v podélném, tak pficném profilu bloku. Vykreslované kfivky o priibéhu teplot z
jednotlivych sond byly podladem pro fizeni dal$ich ¢innosti aZ po fazi rozhodnuti
o moznosti zahajeni betonaze nasledujiciho bloku zatky. Podle prabéhu teplot se
urtoval zejména stav teplotni a objemové stabilizace, pfi jejimz dosazeni mohly
byt zah&jeny injektazni prace piikontaktni zony a piipadné mist uvnitf bloku, u kte-
rych byla georadarem zjisténa snizend hutnost dratkobetonové struktury. Podle
vyvoje teplot bylo provadéno také skrapéni vzdusného povrchu dratkobetonové-
ho bloku — cca 2 dny ohfivanou vodou, dalsi 3 dny vodou studenou.

Ani betonaz blokd fakticky nemohla probihat kontinudiné bez pferugent.
Diivody jsou technologické a vyplyvaji z charakteru ukladani betonu strikanim.
Nastfik vrstvy na podklad ve svislé poloze v neomezené tloustce najednou vylu-
¢ujf stabilitni dOvody. Daldi omezeni vyplyvé ze skuteénosti, Ze pfi nanaseni beto-
nu sttikanim vznika tzv. spad, ktery se uklada na plochach vodorovnych a mimé
uklonénych, pfevazné na podlaze u stény. Je tvofen odrazenymi ¢asticemi vét-
$inou hrubymi frakcemi kameniva a v pfipadé dratkobetonu i z odrazenych drat-
kii. Betonaz v bloku byla provadéna po vrstvach tl. 80-120 mm tak, aby se geo-
metricky tvar povrchu stény udrzoval pokud mozno ve svislé roving. Po ukonée-
ni nastfiku souvislé plochy ve vrstvé nasledovala technologickd prestavka,
béhem které byl odklizen spad betonu. Betondz v nésledujici vrstvé pokradova-
la aZz v dobé, kdy Unosnost vrstvy pfedeslé byly dostate¢nd k pfeneseni gravi-
tagnich sil hnotnosti obou vrstev. Zarover véak musela byt uskutecnéna jesté v
dobé, kdy povrch vrstvy pFedeslé byl ve stavu, ktery umoznioval spojeni obou vrs-
tev bez vzniku pracovni spary. Zkouskami byla uréena minimalni a maximalni
doba technologické prodlevy a v tomto rozmeni ¢asu se povazovalo zahajeni
dali betonaze za optimalni. Pokud toto nebylo mozné dodrZet (delSi odstup), byl
na povrch pfededlé vrstvy pfed zahdjenim nastfiku vrstvy nasledujici, nanasen
spojovaci mustek. Pfi nanaSeni dratkobetonu byla do trysky davkovana urychiu-
jici pfisada jen v takovém mnoZstvi, pfi kterém svymi vlastnostmi dodavala ukla-
dané smési pouze vy3si lepivost, ale vlastni pribéh nasledné hydratace vyznam-
né neurychlovala. Tento pribéh byl nezbytny pro dodrzeni betonaze v bloku bez
vzniku pracovnich spar a pro udrZzeni pfijatelnych teplotnich podminek pro
nésledné zrani dratkobetonu.

ZAVER

Vlastni realizace tlakovych uzavérl probihala za mimofadné pozomosti ostat-
nich Géastnikii vystavby — investora, projektanta a budouciho provozovatele.
Zastupce technického dozoru investora byl na pracovisti pfitomen vzdy po celou
dobu betonaze kazdého bloku tj. 1,5 az 3 dny.

Po kompletnim ukonéeni betondznich praci, vyzrani betonu a vyhodnoceni
kontrolnich zkousek provadénych béhem betonazi byly v dubnu roku 1998 zaha-
jeny zévéretné tlakové zkougky na dile. Zkusebni zatizeni bylo vyvijeno hydro-
statickym tlakem plsobicim na zétky z komory mezizatkového prostoru. Mezi
zakladni ovéfované viastnosti patiilo sledovant velikosti deformaci zatek a hod-
nota celkového Ubytku vody v mezizatkovém prostoru. Porovnanim s navrhovy-
mi kriterii Ize fici, Ze obé hlediska byla na dile dosazena.

and concreting of the internal plugs was commenced. As a part of the concreting,
the rock surface in the crosscuts ahead of and behind the plugs within the length
of 10.0 and 5.0 m respectively was trimmed. These adits were provided with
a sholcrete lining sprayed on the in-advance grouted rock contact.

The concreting proper comprised a chain of actions, from production of conc-
rete mix to its placing. As mentioned above, the half-finished mix was produced
on the surface. The dried mix was packed in PVC bags and placed into steel con-
tainers in an amount corresponding to one mix batch. Without another reloading,
it was trasferred to the underground and, in ideal cases, poured directly into the
hopper of the underground mixing center. It was hard always to keep to this pro-
cedure since the capacity of the rail-bound haulage was not sufficient for a non-
stop supply of the dry mix. For that reason some reserve amount had to be pre-
pared before commencement of concreting.

Water and the admixture of steel fibers were added during the mixing opera-
tion. The batches of fresh concrete of 0.33 m3 were poured into the rail-moun-
ted remixing plant (1 m3) and transported to the pump. A piston pump equipped
with a high precision accelerator additive dosage unit was used. This pump satis-
fied the need of pumping fresh concrete containing a high portion of steel fibers
(90 kg/m3), and featured a suitable spraying regime, practically without pulses.
The nozzle was controlled by means of a maniupulator.

Concreting of the plugs consisted of advances — blocks. During one advance
concrete was sprayed in a stepless manner, preventing occurrence of bonding
interfaces. The length of individual blocks, designed as described above in the
chapter "Technological procedure of concreting”, fluctuated between 1.0 and 2.4
m. Installation of sensors measuring development of temperatures was perfor-
med immediately after the block had been completed. The sensors were inser-
ted into a grid of boreholes designed with respect to the need of getting, infor-
mation in both longitudinal and transversal profile of the block. Drawn curves
showing the development of temperatures at the individual probes were used as
a basis for management of subsequent actions, ending by the decision on conti-
nuation of concreting of the other block. Above all, the condition of temperature
and volume stabilization was assessed to tell when to start grouting in the con-
tact zone and/or in the inside of the block, if locations of decreased density of the
S.FR.C. structure had been determined by the ground penetration radar.
Sprinkling of the face of concrete block was also done in dependence on the
development of temperatures — about 2 days with heated water, then for 3 days
with cold water.

It was also practically impossible to place concrete of the individual blocks
continually, without interruptions. The reasons were technological, based on the
characler of spraying technique. Due to stability reasons, it was impossible to
apply a layer of unlimited thickness by spraying on a verical surface. Another
restraint resulted form the fact that the sholcrete rebound, cinsisting mostly of
coarse particles of aggregates and steel fibres, deposits on horizontal surfaces,
most of it on the floor at the wall. Concreting of one block was carried out in lay-
ers 80 to 120 mm thick, with the surface maintained as vertical as possible. After
such a layer was sprayed, there was a technological breal in spraying, used for
clearing the shotcrete rebound away. Spraying of the following layer continued
only when the bearing capacity of the previous layer was sufficient to carry the
combined gravity forces of the mass of the both layers. Although, at the same
time, it had to be performed in the moment when the surface of the previous lay-
er was in such a state which allowed the connection of the both layers without
creation of a bonding interface. The minimum and maximum duration of the tech-
nological brak was determined by tests. In cases when the break had to be lon-
ger, the surface of the previous layer was covered with a bonding bridge before
spraying could be resumed. During spraying of S.F.R.C. the accelerator was
added at the nozzle in such dosages only which gave the mix higher adhesive-
ness, without any significant acceleration of the hydration process. It was neces-
sary to maintain this procedure to produce the blocks without occurrence of bon-
ding interfaces and with temperature conditions kept acceptable for the subse-
quent curing.

CONCLUSION

Implementation of the pressure seals was paid a remarkable attention of the
other project participants — the owner, the engineer, and the coming operator.
Resident engineer’s representative was always present on the site until the
block concreting was finished, i.e. for 1.5 to 3 days.

The final pressure testing of the seals was started in April 1998, after com-
pletion of all concrete casting works and concrete curing, and after evaluation of
the check test performed in the course of concreting. The testing load was app-
lied by a hydrostatic pressure on the plugs from the space between the plugs.
Apart from other important tests, deformation of the plugs and the amount of the
aggregated loss of water from the space between the plugs were checked. On
the basis of a comparison of the design criteria, we can say that both of these
requirements were complied with.
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TESNENi VODNIHO TLAKOVEHO UZAVERU PODZEMNIHO
ZASOBNIKU ZEMNIHO PLYNU HAJE

SEALING OF WATER PRESSURE CLOSURE AT THE
UNDERGROUND STORAGE OF NATURAL GAS HAJE

ING. ZDENEK CIGLER, ING. JOSEF VYMAZAL - CARBOGROUTING A.S., OSTRAVA
PROF. ING. JOSEF ALDORF, DrSC. - VSB-TU OSTRAVA
RNDr. MILOS HORACEK - PLYNOPROJEKT A. S., PRAHA

1. UVOD

Ceskéa republika je zcela zavisla na dovozu zemniho plynu, kiery musi byt
odebiran rovnomérné po cely rok nezavisle na pozadavcich spotfebiteld. S ros-
touci poptavkou se stale zvysuje rozdil mezi spotfebou plynu v letnich a zimnich
mésicich. Proto jsou podzemni plynové zasobniky dulezitou a nezbytnou sou-
¢asti eského plynarenského systému.

Véechny podzemni z&sobniky plynu plynarenského podniku Transgas,s.p.
jsou vybudovany na Moravé, coz je dano geologickym vyvojem oblasti - zasob-
niky jsou pfevazné vybudovany ve vytéZzenych loZiscich nafty a zemniho plynu,
resp. v aquaferové strukiufe (Lobodice). V Cechach, z hlediska geologického,
jsou pfiznivé podminky pouze pro vytvofeni podzemnich zasobnikd v uméle
vytvorenych dutinach - kavernach. Nabizi se tak moZnost vyuzit vytéZeni loziska
rud nebo uhli, nebo vytvofit podzemni skladovaci prostory v sedimentarnich,
nebo krystalickych horninach.,

Na zakladé rozsahlé geologické zpravy byla v r. 1989 pro vystavbu kaverno-
vého zasobniku zemniho plynu vybréna lokalita u Pfibrami, ktera je situovana
v hloubce cca 950 m pod povrchem terénu v granitoidech stfedoéeského pluto-
nu. K vystavbé a pfistupu k lokalité slouZila jama byvalého dolu ¢. 16 v obci Haje
u Pfibrami, Zasobnik plynu Haje zajistuje kryti $pickovych potieb plynu v oblasti
Prahy a stfedoeského kraje.

Z technického hlediska se jedna o velmi naro€nou stavbu, pro jejiz realizaci
bylo nutné vyvinout a ovéfit celou fadu novych konstrukénich prvkd, technolo-
gickych celkl a postup(.

Velka pozornost byla vénovéna vystavbé vodniho tliakového uzavéru sestava-
jicho ze &tyr tlakovych zatek ze stfikaného dratkobetonu, zejména technologii
betonaze, technologii utésnovani horninového masivu a vlastnich téles zatek
a provoznimu monitorovacimu systému zatek. V tomto piispévku chceme sezna-
mit s problematikou utésfiovani tlakovych zatek a horninového masivu, provést
zhodnoceni provedenych praci a popsat ziskané zkusenosti.

2. KONCEPCE PODZEMNIHO ZASOBNIKU

Podzemnl zasobnik plynu Haje sestava ze ti zakladnich asti (viz schema na str. 4):
podzemni éast s akumulaénim prostorem a vodnim tlakovym uzavérem (tzv.
spodni stavba)

- propojovaci Cast s tézebné vtlaéecimi a technologickymi vrty (mezizatkovy
a &erpaci vit)

- povrchova cast s fidicim systémem, kompresory, Upravou plynu, regulaci
a méfenim plynu a dal§imi plynarenskymi zafizenimi
Spodni stavba je situovana v Urovni 21. patra jamy ¢. 16 v hloubce 955-961

m pod Urovni terénu na plode cca 1 km? Spodni stavba se sklada ze systému
chodeb pfiéného prifezu cca 13-15 m? o celkové délce cca 45 km, které tvori
akumulaéni prostory zasobniku a z vodniho tlakového uzavéru vybudovaného na
dvou pfistupovych prekopech. Zasobnik je cely umistén v Zulovém télese, pfi-
¢emz pevnost hornin v tlaku dosahuje hodnot 150 - 200 MPa. Prostor pro tlako-
vy uzaver byl vybran na zakladé dukladneho prizkumu pfistupovych pfekopd,
pri¢em? kriteriem lokalizace byla predevsim strukturni pevnost a propustnost
horninového masivu. Tlakovy uzdvér je lvofen dvémi dvojicemi tiakovych zatek
vzdélenych od sebe 80 m (viz obr. €. 2.), véjifem zavadiiovacich vrtd a monito-
rovacim systemem uzavéru. Tlakové zatky jsou konstruovany jako pevné
vetknuté s vyloucenim jakychkoliv posund na kontaktni ploge. Proto bylo nutné
volit tésnici injektazni smés s patficnymi pevnostnimi a hydroizolaénimi viast-
nostmi.

Prostor mezi tlakovymi zatkami (tzv. mezizatkovy prostor) byl po dokonéeni
zatek zapinén vodou fzv. mezizatkovym vitem a mezizatkovy prostor tak tvori
vodni clonu s proménnym tlakem vody, kterd ma za (kol zajistoval tésnost aku-
mulaéniho prosioru zasobniku. Cela pristupové oblast k zasobniku bude
v budoucnu zatopena vodou aZ po drovef terénu. Tlak vody v mezizatkovém
prostoru bude regulovan v zavislosti na tiaku zemniho plynu v zasobniku tak, aby
byl udrzovan minimalni pfetlak vody v mezizatkovém prostoru ve vysi 0,5 MPa.
Zasobnik bude provozovan pfi pracovnich tlacich plynu 2,0 az 9,5 MPa a nésled-
né tlakem az 12,5 MPa. Efektivni kapacita zasobniku se predpoklada pfi tlaku
12,5 MPa cca 85 mil. m* zemniho plynu, denné ¢erpané mnozstvi mdze byt az 6
mil. m?,

1. INTRODUCTION

The Czech Republic depends completely upon the natural gas import which
must be taken uniformly during the whole year independently upon consumers'
requirements. With the increasing demand, the difference between the gas con-
sumption in summer months and winter ones keeps increasing. That is why
underground gas storages became an important and necessary part of the
Czech gas distribution system.

All underground gas storages of Transgas,s.p., a gas distribution enterprise,
have been constructed in Moravia, which results from the geological conditions
of the region - gas storages have been buiit in exploited crude oil deposits and
gas ones, eventually in an aquaferous structure (Lobodice). In Bohemia, from the
geological point of view, favourable conditions for constructing underground sto-
rages are only in artificial cavities - caverns. So it is offered a possibility to utili-
ze exploited deposits of ores or coal, or to construct underground storages in
sedimentary or crystalline rocks.

On the basis of an extensive report, a place near Pribram, situated in the
depth of about 950 m under the ground in granitic rocks of the Middle Bohemian
Pluton, was chosen, in the year 1989, for construction of a cavern gas storage.
The shaft of the former mine No. 16 at the community Haje near Pribram was
used for the construction and access to the locality. The Haje gas storage ensu-
res peak gas consumption in the Prague region and Middle Bohemian one.

From the technical point of view it concerns a very exacting structure, for the
realization of which it was necessary to develop and test many new structural
elements, technological complexes and processes. A considerable attention was
paid to the water pressure closure consisting of four pressure plugs made of ste-
el-fiber reinforced shotcreet, especially to the concrete placing technology, to the
method of sealing the rock massif and of the plug bodies proper, as well as to the
operational monitoring system of the plugs. In this article, we want to inform
about problems connected with sealing of the pressure plugs in the rock massif,
to perform the evaluation of performed works and to describe the experience gai-
ned.

2. CONCEPTION OF THE UNDERGROUND GAS STORAGE

The Haje underground storage consists of three basic parts (see Figure 1):

- the underground part with the accumulation space and with the waler pressu-
re seal (the so called sub- structure)

- the interconnecting part with filling bore holes and technological ones (the
bore hole drilled between the plugs, and the pumping bore hole)

- the surface part with the control system, compressors, gas treatment, control
and measuring of gas and with other gasworks-related equipment.

The sub-structure has been situated on the 21st level of the shaft No. 16, in
the depth of 955 up to 961 m under the ground, and its area is about 1 sg.km.
The sub-structure consists of a system of galleries of cross sections of about 13
fo 15 5q. m, the tolal length of which amounts to about 45 km, which form accu-
mulation spaces of the storage, and of a water pressure seal built in two access
adits. The whole storage is situated in a granitic rock, the compression strength
of which reaches the values of 150 up to 200 MPa. The space for the pressure
seal has been chosen with respect to a thorough geological survey of access
tunnels. Structural strength and permeability of the rock massif were the location
aspect in the first place. The pressure seal consists of two pairs of pressure plugs
being in the mutual distance of 80 m (see Figure 2), of a fan of flooding bores,
and of a monitoring system of the seal. The pressure plugs have been designed
as being built-in, with elimination of any shifting along the contact area. That is
why it was necessary to choose a sealing grout mix with relevant strength pro-
perties and watertightness ones. That is why it was necessary to choose a sea-
ling grout mix with respective strength properties and watertightness ones.
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Konstrukéné byly zatky navrzeny na zakladé fadr( statickych vypoéti metodou
koneénych prvkd (3D - pruZnoplastické feseni), které pro definitivni variantu
davaji stupen bezpecnosti ve vysi 3 - 4. Konstrukce zatek byla ovéfovana na tav.
zkusebni zatce dlouhé 3,5 m. Na zakladé vysledki zkousek byla konstrukce
zatky upravena na celkovou délku 10 m, hlavné z divodu hydraulickych.

3. RESENi TESNOSTI TLAKOVEHO UZAVERU

Projekéni feSeni utésnénf tlakovych zatek bylo stanoveno v navaznosti na
vysledky injekiainich praci provadénych v télese zkusebni tlakové zétky & 1
v obdobi zafi 1996 aZ leden 1997 a dle vysledkil matematického modelovani
3D hydraulicko-mechanickych Uloh.

3. 1. UTESNOVANi ZKUSEBNi TLAKOVE ZATKY

Zkusebni tlakova zatka byla vybudovana v mezizatkovém prostoru v prekopu
vedoucimu k mezizatkovému vriu, Zatka byla zhotovena v délce 3,5 m ze siiika-
ného dratkobetonu kvality B40/3,8. Nasledné byla komora za zalkou zatopena
vodou a bylo provadéno méfeni a sledovani chovéni zatky pii riznyeh tlacich
vodK. Po prvnich llakovych zkouskéch v sipnu 1996 byly zahajeny injektazni pra-
ce, které byly postupné provedeny ve 3 elapach. Ulésiujici vysokotlaka injektaz
byla provadena polyuretanovymi pryskyficemi t’-gpu Bevedan-Bevedol WF a WT,
injektaznim cerpadlem Schmidt-Kranz typu GSF 35.

InjektaZ byla provadéna jednoetazove pomoci mechanicky upinanych jedno-
duchych obturatorl a Castecné hydraulicky rozpinanymi injektaznimi svomnik
typu PAKRAN. Injektazni vrty priméru 29 mm az 42 mm byly vrtany rotacné-pii-
klepnymi vrtacimi kladivy typu NVK 03 a VK 29, Injektazni tlak éinil 10 az 25
MPa.

l. etapa:

V I. etape byla utésnovana kontakini spara mezi télesem zétky a okolni horninou
dvema vejifi injektaznich vril s presahem do horniny cca 200 mim, nasledné byla
utésfiovana poecva do vzdalenosti 2 m pred zatku a do hloubky 2,5 m. Z ddvodu
zZvyseni épropustnosti stikaného dratkobetonu bylo nutno provést plodnou tésni-
¢l injekiaz telesa zétky do hloubky 1,5 m.

Po ukoncent |. etapy bylo pii lakové zkousce dosazeno pri tlaku 10,4 MPa

ﬁelkouého prisaku zatkou a jejim okolim ve vyi cca 10 Umin.

. etapa:
Bylo utésiiovdno horninové predpoli pred zatkou, zpeviovana a utésiovana
pocva do vzdalenosti 3 m pfed zatku a nasledné utésriovana spodni é4st zatky
v ablasti kontaktu s homninou a stfedni ¢ast zatky pomoci lokalnich vrit,

V II. etapé bylo dosazeno pii tlaku 9,5 MPa prisaku zatkou a jejim okolim 1
/min, nasledné 3,75 - 8,5 I/min (pii tlaku 9,5 MPa) a 6,5 Iimin pfi tiaku 13 MPa,
Po dalim tlakovani doslo k vyraznému zvySeni prisaka az na 65 U/min.

Il etapa:

Bylo provadéno utésriovani silnych priisakli podél trubniho vedeni v télese zatky
a dalsi utésnovani spodni &asti zatky zejména v oblasti kontaktu. PFi tlakovych
zkouskach byly méfitené prisaky zaznamendany od tiaku 8 MPa s naslednym

zvySovanim:

9 MPa 2 l/min

10 MPa 38 I/min

12 MPa 72 l/min

13MPa  az92 |l/min (postupny pokles na 58 I/min)

Pii vySe popsanych zkouskéch byly zjistény tyto skutednosti:
* 70 % celkového prisaku &ini prisaky ve spodni a stfedni éasti zatky
¢ 20 % celkoveho prisaku €inf prisaky pocvou v predpoli zétky do vzdélenosti
3 mod zatky
* 10 % ¢ini prisak horninovym okolim zétky a kontaktem zétky s horninou
* horizontalni posun zatky neprekrotil 2 mm
Poznatky a zkuSenosli ziskané pii vyse uvedenych injektaZich a tlakovych
zkouskach byly velmi cenné pro zpracovéni projektové dokumentace definitiv-
nich zatek a pro vybér nejvhodnéjgich injektaznich hmot a technologir.

4. UTESNOVANI DEFINITIVNICH TLAKOVYCH ZATEK

Utésfovani jednotlivych tlakovych zatek sestavalo z téchto injektaznich praci (viz

obr. &. 4):

. injektaZ horninového okoli

- injektaZ manZet zatek - tzv. pfikontakini injektaZ v predpolich zatek

- injektaZ kontaktu mezi télesem zatek a okolnimi horninami - tzv. kontakini
injektaz

- lokalnl injeklaz v télesech zéatek po vyhodnoceni kontrolniho méfeni pomoc
georadaru (nehomogenity v télese zatek)

. mikroinjektaz lice vylomu pfeko‘::is v pfedpolich zatek

- vypliova injektz spary mezi télesem zatek a uzaviracimi ocelovymi pancifi

[o>Ro} R WN —

Soudasli kvalitniho tésnéni vodniho tlakového uzavéru jsou rovnéz:

+ zavodriovaci vriy, které jsou situovéany do mezizatkového prostoru a to jak do
pravé tak, levé vétve. Vrty praméru 105 mm byly vrtany véjifovité pod (ihlem
cca 45° v délkach 10 m (obr. &. 3). Tyto vrty slouzf po zapinéni mezizalkové-
ho prostoru vodou jako vodni komunikace, kterd syli horminovy masiv tlakovou
vodou a tim je vytvafena vodni llakova clona.

* vodotésna folie v pfedpoli tlakovych zatek. V prvnf fazi byla navrzena tzv. hor-
ka folie, typu FOX-O-COAT F 101/URESTYL 3101, od klteré bylo posléze
z technologickych divodd upusténo a byla nahrazena folii MEDIATAN 361,
Tato folie slouzi k zamezeni pfipadnych prisaki vody bezprostiednim pied-
polim (dI. 10 m) zatek (na vzdusné i vodni strané zatek).

The space belween the pressure plugs (the so called interplug space), after
plugs had been completed, was filled with water through the so called interplug
bore, and then it was in function as a water curtain with a changeable waler
pressure, the task of which is to ensure the lightness of the storage accumulati-
on space. The whole access area lo the storage shall be flooded in the fulure
with water up to the ground level. The waler pressure in the interplug space will
be conlrolled in dependence upon the natural gas pressure in the sterage in such
away that the minimum water overpressure in the interplug space may be kept
in the value of 0.5 MPa, The storage shall be operated at working gas pressures
of 2.0 up to 9.5 MPa and then up to 12.5 MPa. The effective capacity is assu-
med, at the pressure of 12.5 MPa, about 85 mil. cub.m of natural gas; the daily
pumped quantity may be up to 6 mil cub.m.

From the structural point of view, the plugs were designed on the basis of
many statistic calculations, by means of the method of final elements (3D - elas-
ticly plastic solution) which, for the final variant, represent the safety factor of the
value amounting to 3 up to 4. The structure of plugs was verified on the so cal-
led testing plug being 3.5 m long. On the basis of test results, the design of the
plug was changed to the total length of 10 m, mainly due to hydraulic reasons.

3. SOLUTION OF THE PRESSURE SEAL TIGHTNESS

Pressure plugs were designed in dependence upon the results of grouting
works performed in the body of the testing pressure plug No. 1 within the period
from September 1996 up to January 1997, and upon results of mathematic
modelling 3D of hydraulic-mechanical problems.

3.1. SEALING OF A TESTING PRESSURE PLUG

The testing pressure plug was made in the interplug space, in a crosscut lea-
ding to the interplug bore. The plug was built from stee-fibre reinforced concrete
B40/3.8, in the length of 3.5 m. Then the chamber behind the plug was flooded
with waler and there were performed measurements and moniloring of the plug
behaviour al various water pressures. Afler first pressure tests in August 1996,
there were slarted grouting works which were performed in a sequence of three
stages. The sealing high pressure grouting was made when applying polyuret-
han resins of the type: Bevedan-Bevedol WF and WT, by means of a grouting
pump Schmidt-Kranz, type: GSF 35. The grouting was performed in a single-sta-
ge way by means of mechanically clamped simple packers, and partially by hyd-
raulically inflated rock bolts of the PAKRAN type. Grouting holes of the diameter
equal to 29 mm up to 42 mm were bored by means of rotary-percussion hammer
drills of the type NVK 03 and VK 29. The grouting pressure was 10 to 25 MPa.

Ist stage:

In the Ist stage there was sealed the contact gap between the plug body and the
surrounding rock by two fans of grouting bore holes with the overlap of about 200
mm into the rock. Then the tunnel floor was sealed up to the distance of 2 m ahe-
ad of the plug and into the depth of 2.5 m. Due to the increased permeability of
the shotcrete, it was necessary to inject a sealing grout into the plug body up to
the depth of 1.5 m. After the end of the Ist stage, it was achieved, at the pressu-
re testing with the pressure of 10.4 MPa, the total percolation through the plug
and its surroundings amounting to about 10 litres per minute.

lind stage:

The rock foreground ahead of the plug was sealed, the tunnel floor was consoli-
dated and sealed up to the distance of 3 m ahead of the plug and then the lower
plug part was sealed, viz. in the area of contact with the rock, and the midadle part
of the plug by means of local bores.

In the lind stage there was achieved, at the pressure of 9.5 MPa, a percolation
through the plug and its surroundings amounting to 1 litre per minute, then 3.75
lo 6.5 litres per minute (at the pressure of 9.5 MPa) and 6.5 litres per minute at
the pressure of 13 MPa. After further pressuring, the percolation increased up to
65 litres per minute.

Ilird stage:

There was performed sealing of intensive percolations along the pipe line in the
plug bady and further sealing of the lower part of the plug, particularly in the area
of the contact. At pressure lests there were recorded measurable percolations
from the pressure of 8 MPa with the following buildup:

G MPE nvsasrmn e 2 lpm

10MPa .................... 38 Ipm

12MPa .................... 72 lpm

18MPa..................... up to 92 Ipm (gradual decrease to 58 Ipm)

The following facts were found out at the above described tests:

- 70 % of total percolation is represented by percolations in the lower and midd-
le part of the plug

- 20 % of total percolation is represented by percolations through the floor in the
foreground of the plug up lo the distance of 3 m from the plug
10 % is represented by the percolation in the rock surroundings of the plug
and in the contact of the plug with the rock
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4. 1. INJEKTAZ OKOLNICH HORNIN

Tésnici injektaZ okolnich hornin kazdé zatky byla provadéna po dokonéeni
vylomovych praci. Injektazni vrty byly na kazdé zatce situovany v 10 véjitich po
celém obvodu zatky. Délka vrtu ¢inila 7 m, projektovany primeér vrtd 42 mm.
Celkové bylo provedeno na kazdé zatce 188 vrtl délky 7 m tzn. 1316 bm injek-
taznich vrtd, (celkové tedy 5264 bm). Injektaz byla provadéna ve 2 etazich:

1. etaz - usek vrtu 2-7 m

byl injektovan smési polyuretanovych gelll RESICAST GH 96D/RESICAST GH
90 (pomér 1:1) s 9 dily vody. Pfi tomto poméru vznika elasticky gel s dobou gelo-
vani cca 5,5 min. a velmi nizkou viskozitou (cca 5 mPas). K injektazi bylo pouzi-
to pneumaticke Serpadlo typu KPZ 1, maximalni injektazni tiak cinil 15 MPa. Pro
utésiovani vyrvrtd byly zpocatku pouzity hydraulické obturéatory typu PS 40-6.
Pfi pouziti téchto obturatorl vSak dochazelo z divodu nizkého koeficientu tfeni
k nedokonalému utésnéni vrtd a k vytékanf inj. smési z vrtli. Proto byly obturato-
ry PS 40-6 nahrazeny obturatory typu PAKRAN 45 /50/ opatienymi specialnimi
ocelovymi krouzky, které zabezpecCovaly obturator tak, aby i pfi vysokych tlacich
ve vriu byl stabilni. .

Injektazni hmoty RESICAST byly pouzity na dotésnéni hornin poprvé v CR.

Jejich aplikaci je mozno hodnotit pozitivné.

2. etaz - asek vrtu 0,3-2,0 m

injektovano polyuretanovou pryskyfici typu BEVEDAN-BEVEDOL WF. K injekta-
Zi bylo pouzito injektazni ¢erpadlo typu GSF 35, max. inj. tlak ¢inil 10 MPa. Pro
utésnéni vyvrtll pouzity jednoduché mechanické obturatory. Po demontazi obtu-
ratoru byla zbytkova €ast vyvrtu vypinéna rychle tuhnouci spravkovou cemento-
vou maltou PCI Polyfix 5.

Problémem pfi injektaZi okolnich hornin bylo provadéni injektaznich vrtd.
Jednalo se o vrtani velkého poctu vrtl béhem kratkého ¢asového obdobi. Vitani
zajistovala fa CarboGrouting subdodavatelsky. Vzhledem k tomu, Ze pfi vrtani
prumérem 42 mm pfip. 45 mm dochazelo velmi asto ke zniéeni vriného nafadi,
byl po dohodé s hlavnim projektantem zménén priimér vrtani na 50 mm. Vrty byly
provedeny rdznymi sanovymi vrtacimi kladivy osazenymi na specialné uprave-
nych vrtacich stojanech. Ucinnost provedenych injektaznich praci byla ve vylomu
kazdé zatky ovérena vodni tlakovou zkouskou s tlakovymi stupni 1, 3, 8 a 13
MPa. Ve vSech pfipadech bylo spinéno pozadované kriterium propustnosti
(k= 10" m/sec. dle Altovského).

4.2. INJEKTAZ OKOLNICH MANZET ZATEK -
PRIKONTAKTNI INJEKTAZ

Pikontaktni injektaz byla provadéna v predpolich kazdé zatky vrty dlouhymi
900 mm véjifi po celém obvodu dila. Vrtani bylo zpocatku provadéno elektricky-

Obr. 1 Vylomeny prostor pro zatku se zavérovym pancifem
Fig. 1 Excavated space for the plug with the closure armour

- the horizontal back displacement of the plug did not cross 2 mm

Knowledge and experience gained at the above mentioned grouting tests and
pressure ones were very valuable for elaborating the design of the final plugs
and for the choice of most suitable grouting materials and technologies.

4. SEALING OF THE FINAL PRESSURE PLUGS

The sealing of individual pressure plugs consisted of the following grouting

works (see Figure 4):

1. grouting of the rock surroundings

2. grouting of the plug collars - so called contact vicinity grouting in the foreg-
round of the plugs

3. grouting of the contact between the plug body and surrounding rocks - so cal-
led contact grouting

4. local grouting in plug bodies after the evaluation of the check-up measuring by
means of ground penetrating radar (heterogeneity)

5. microgrouting of the face of the crosscuts in the foregrounds of the plugs

6. back grouting of a gap between the body of plugs and closing steel armours
The following items created the high quality of the pressure seal:

- flooding bore holes which are situated into the interplug space, viz. both to the
right branch and left one. Bores of the diameter of 105 mm were bored in a fan
shape under the angle of 45° in 10 m lengths (Figure 3). The said bores ser-
ve, after the interplug space has been filled with water, as a water way which
feeds the rock massif with pressure water, and in this way a water pressure
curtain is formed.

- a waterproof foil in the foreground of pressure plugs. In the first phase, there
was designed to apply the so called hot foil of the type FOX-O-COAT
F 10/URESTYL 3101 which was rejected because of technological reasons
and which was replaced with the foil MEDIATAN 361. This foil serves for pre-
venting water from penetrating into the direct foreground (length of 10 m) of
the plugs (both on the air plug side and water one).

4.1. GROUTING OF NEIGHBOURING ROCKS

The seal grouting of the rocks sutrounding each plug was performed after the
excavation had been completed. Grouting bores were situated on each plug in
10 fans along the whole circumpherence of the plug. The length of bores was 7
m, the designed diameter - 42 mm. Alfogether 188 bores, 7 m long, were drilled
for each plug, i.e. 1316 m of grouting bores (all in all 5264 m). The grouting was
performed on 2 steps:
1st step - bore hole section 2 to 7 m
The said section was grouted with a mixture of polyurethan gels - RESICAST GH
96D/RESICAST GH 90 (1 : 1 ratio) with 9 parts of water. At this ratio there arises
an elastic gel with a gelling period of about 5.5 min. and with a very low viscosi-
ty (about 5 mPas). A pneumatic pump of the type KPZ 1, max, grouting pressu-
re - 15 MPa, was applied for the grouting. For sealing bores, at the beginning,
there were applied hydraulic packers of the type - PS 40-6,

When applying said obturators, though, due to a low friction coefficient, an
inconvenient packing of bores took place, and the grouting mixture flowed out of
bores. That is why the obturators PS 40-60 were replaced with obturators of the
type PAKRAN 45/50/ provided with special steel rings, which ensured for the
obturator to be stable even at high pressures in the bore.

Grouting materials RESICAST were applied for finish sealing of rocks for the
first time in the Czech Republic. Their application may be considered as
successful,
2nd step - bore section 0.3 to 2.0 m
The grouting was performed with polyuretane resin of the type - BEVEDAN-
BEVEDOL WF. The pump of the type GSF 35, max. grouting pressure 10 MPa,
was performed for grouting. For sealing bores there were applied simple mecha-
nical packers. The part of the bore hole remaining after dismantling of the pac-
ker was filled with a quick-setting repair cement mortar: PCI Polyfix 5.

The carrying out of grouting of neighbouring rocks was a problem. It concer-
ned the drilling of many bores within a short time period. The drilling was ensu-
red by the firm CarboGrouting as a subcontractor. With respect to the fact that
during the boring with the diameter of 42 mm, eventually 45 mm, the drill rods
were often damaged, the boring diameter was modified to 50 mm, with the app-
roval of the main designer. Bores were performed with various slide hammer
drills seated in specially adapted drilling stands. The effectivity of performed
grouting works was checked up after excavation of each plug by a water pres-
sure test with pressure values 1, 3, 8 and 13 MPa. In all cases, the required per-
meability criterion (k, = 10" mps according to Altovsky) was performed.

4.2. GROUTING OF PLUG SEALING COLLARS
IN THE PLUGS FOREGROUNDS

Grouting in the vicinity of the plug-rock contact was performed in foregrounds
of each plug through a fan of bore holes 900 mm long, situated along the whole
circumference. The boring was done at first by means of electric hammer drills -
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mi vrtacimi kladivy HILTI a BOSCH, vrtdky SDS plus 14/960 mm. Ve velmi pev-
nych horninach vsak dochézelo ke znaénému opotfebeni vrtakd, a proto byl po
dohodé s hlavnim projektantem zménén primér vrtd ze 14 mm na 29 mm. Vrty
byly vrtany kladivy NVK 03 a VK 29. Injektaz byla provadéna jednoetazové poly-
uretanovou pryskyrici typu Bevedan-Bevedol WT, ¢erpadlem GSF 35, pozdeji
cerpadlem DD 96, pfip. DV 97. Vriy byly utésfiovany mechanickymi obturatory,
u praméru vrid 14 mm obturdtory 13/115 mm, u priméru vrid 29 mm obturétory
26/300 mm. Injekiazni tlak ¢inil max. 5 MPa. Uéinnost injeklaze byla tspésné
ovéfena ve véech predpolich vodnimi tlakovymi zkouskami s kriteriem minimalni
propustnosti ki=10 -10m/sec, které bylo splnéno ve v$ech piipadech,

4.3. KONTAKTNI INJEKTAZ

Kontakini injektaz byla provadéna postupné pii vystavbé kazdé_zatky.
Jednotlive zétky byly rozdéleny na injektazni celky 1. aZ IV. (obr. &. 4). Clenéni
zatek na injektazni celky odpovidd tvaru télesa zatek a moznostem provadéni
vrtacich praci.

Pro tésnici injektaZ byla vybrana polyuretanova pryskyfice typu BEVEDAN-
BEVEDOL WF 6004/01, kterou je mozné pouzit pfi teploté az 45 °C. Jedna se
o pomalou alternativu typu WF, viskozita smési pfi 25 °C €ini 200 + 30 mPa,
pocatecni as reakce pii 45 °C cca 25 sec. Injektdz byla provadéna ve dvou
oddélenych tlakowych etazich,

Prvni etaz zastihuje oblast kontakinl spary mezi hominou a télesem zélky
a okolni hominu v bezprostfedni blizkosti kontaktni spéry. Tésnici obturator byl
umistén ve vzdalenosti cca 200 mm od kontakini spary, injektézni vrty praméru
29 mm byly vrtany tak, aby zasahovaly cca 300 mm do okolni horniny. Injektazni
tlak prvni etaze éinil zpotatku max, 10 MPa, pozdéji byl po dohodé s hlavnim-
projektantem zvysen na max. 15 MPa.

Druha etaz byla injektovana po demontazi obturatoru pro 1. etaZ, tésnici obtu-
rator byl upinan do hloubky cca 150-200 mm od Usti vrtu. Injektazni tlak druhé
etéie/ ¢inil max. 3 MPa, bylo injektovano opét smési Bevedan-Bevedol WF
6004/01.

Injektaz byla zpo€atku provadéna erpadlem GSF 35, pozdéji jiz pouze der-
padly DD 96 a DV 97 s elekirickym pohonem. Tato ¢erpadla jsou pro kontaktni
injektaz vhodn@jsi, protoZe je nutné injektovat pomérné malym mnoZstvim smé-
si's postupnym naristem inﬂ‘ekléiniho tiaku.

Pri provadéeni kontakini injektdze v injektaznich celcich I. na zatkdch
1A a 1B opakované nevyhovély vysledky vodnich tlakovych zkousek - nebylo
spinéno kriterium CFripustné propustnosti min. k= 10" m/sec. Na zakladé téchto
negativnich vysledk( byly dalSi injektaZni prace na obou zatkach zasiaveng.

ylo ziejme, Ze pii dané viskozité a reakéni dobé pryskyfice nelze dosahnout
pozadovanych tésnicich (cinka. Firmou CarboTech Bohemia s.r.0. Ostrava byla
provedena Uprava viastnosti injektazni pryskyfice Bevedan-Bevedol WF 8004/01
s cilem snizit viskozitu smési a prodlouzit jejl reakéni dobu.

Tyto viastnosti byly dosazeny specidinim modifikaénim Cinidlem s nazvem
DISOL. Zkousky smési a méfeni jeji viskozity prokazaly, Ze viskozita byla snize-
na na 140 mPa pfi 20 °C, potatek reakce se prodlouzil na 4 min 20 sec. Uprava
smesi modifikaénim ¢inidlem nijak neoviiviuje fyzikalné-mechanické viastnosti
vytvrzené pryskyiice.

HILTI and BOSCH, with drill steels SDS plus 14/960 mm. But in rocks of a very
high strength, the drill bits were considerably worn out, and that is why, after the
agreement with the chief designer, the bore diameter was changed from 14 to 29
mm. The bores were drilled when using hammer drills - NVK 03 and VK 29. The
grouting was performed on a single-stage way with the polyurethan resin of the
type Bevedan-Bevedol WT, when using the pump GSF 35, later DD 96 and DV
97. The bores were sealed by means of mechanical packers, as to bore diame-
ters of 14 mm by means of packers 13/115 mm, as to bore diameters of 29 mm
by means of packers 26/300 mm. The maximum grouting pressure was 5 MPa.
The grouting effectivity was successfully checked up in all foregrounds by means
of water pressure tests with the criterion of minimum permeability:
k, = 107 mps, which was fulfilled in all cases.

4.3. CONTACT GROUTING

The contact grouting was performed gradually during the construction work on
each plug. Individual plugs were divided in grouting sections 1. to IV. (Figure 4).
The classification of plugs in grouting sections corresponds with the plug body
shapes and with possibilities of drilling works.

For the seal grouting, polyurethan resin of the type BEVEDAN-BEVEDOL WF
6004/01 was chosen, which may be applied at the temperature up to 45 °C. It
concerns a slow alternative of the type WF, the mixture viscosity at
25 °C amounts to 200 + 30 mPa, the starting reaction time at 45 °C is about
25 sec. The grouting was performed in two separated pressure stages.

The first stage concerns the area of the contact gap between the rock and the
plug body, and the surrounding rock in the direct vicinity of the contact gap. The
packer was placed in the distance of about 200 mm from the contact gap, grou-
ting bores of the diameter of 29 mm were made in such a way that they may
enter about 300 mm in the surrounding rock. The grouting pressure of the first
face was at first of 10 MPa at max., later it was increased to max. 15 MPa after
an agreement with the chief designer.

The second grouting stage was performed after having dismantied the packer
from the Ist stage. The sealing obturator was clamped in the depth of about 150
up to 200 mm from the mouth of the bore. The grouting pressure of the second
stage was max. 3MPa, and the grouting was also realized with the mixture
Bevedan-Bevedol WF 6004/01.

At first, the grouting was made by means of the pump - GSF 35, later only by
means of pumps DD 96 and DV 97 with an eleciric drive. Said pumps are more
suitable for the contact grouting, because it is necessary to perform the grouting
operation with a relatively small quantity of the mixture, with a gradual increase
of the grouting pressure.

When performing contact grouting in grouting sections | on plugs IA and IB
repeatedly, the results of water pressure tests were not satisfactory - the criteri-
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S takto upravenou pryskyfici byla provedena kontaktni injektaZ celku I. na zat-
ce B1. Pfiinjektazi dochazelo k lepsimu pronikani smési v kontakini zoné, zejmé-
na pak k jejimu pronikdni z kontrakéni trhliny vzniklé na kontaktu dratkobetonu
a horniny. Nasledné byla provedena vodni tlakova zkouska, jejiz vysledky vyho-
vély pozadovanému kritériu.

Ve stejném obdobi byla zkusebné provadéna firmou Zakladani staveb a.s.
Praha kontaktni injektdz v injektaznim celku II. zatky 1A. Injektaz byla provede-
na polyuretanovou pryskyfici WEBAC 1403. Pfi této injektazi byly spinény poza-
davky tésnosti, vodni tlakova zkouska vyhovéla.

Na zékladé odborného zhodnoceni obou injektaznich hmot a srovnénim
vysledkd méfeni mechanického chovani s pozadovanymi pevnostnimi vlastnost-
mi bylo rozhodnuto pro daldi injektaZni prace pouzivat modifikovanou injektazni
smés Bevedan-Bevedol WF 6004/01. Bylo konstatovano, Ze smés WEBAC 1403
nedosahuje potfebné pevnostni a pfetvamé vlastnosti stanovené projektem.
Pro srovnani uvadime vysledky provedenych zkousek:

» modifikovana smés Bevedan-Bevedol WF 6004/01
tlakova pevnost: min. 79 MPa
smykova pevnost: 55,5 MPa

Hmota mé vyrazné dilatantni chovani. Charakter pfetvafeni je pruzno-plastic-
ky s residuélni pevnosti ne menséi nez 50-55 MPa. Vzorky se pfi tlakové zkous-
ce nepodafilo porusit trhlinou ani pfi 30% zkraceni vysky vzorku. Mechanické
parametry modifikované hmoty jsou vesmés lepsi neZz ma zakladni hmota.
Materidl pfi tuhnuti nepatrné zvétsuje objem.

* WEBAC 1403
tlakova pevnost: 0,6 MPa
smykova pevnost: 0,31 MPa

Porudeni na mezi pevnosti je kiehkého charakteru, coz potvrzuje i znaéné
kieh¢i chovani hmoty pfi smykovém naméhani za mezi pevnosti,

Hmota ma charakter pruzného gelu, bez projevii zmén objemu pfi tuhnuti,

4. 4. LOKALNI DOTESNENI TELESA ZATKY
(NEHOMOGENITY V ZATCE)

InjektdZ byla provadéna az po vyhodnoceni kontrolniho méfeni pomoci geo-
radaru, které indikuje anomalie odpovidajici shlukiim dratk( a pfipadnych ploch
nespojitost. Situovani a hustota vrtll byla stanovovana soubézné s vyhodnoce-
nim méfeni georadarem.

Pramér inj. vrtd byl u kratkych délek vrtani 14 mm, u delSich pak 29 mm. Vriy
byly injektovany modifikovanou pryskyfici typu Bevedan-Bevedol WF 6004/01
pod tlakem max. 3 MPa.

4.5. MIKROINJEKTAZ V PREDPOLICH ZATEK

Pro dotésnéni kontaktni plochy lice vyrubu a betonového vyrovndvaciho
nastfiku v predpoli zatek byla provadéna mikroinjektaz. Vrty byly situovany na
zatatku vyrovnavaciho nastiiku a u pancift zatek po tfech véjifich Sachovnico-
vé, s rozestupem 300 mm. Hloubka vrtl je 300 mm v horniné, coz zajisti injek-

Vrty & 105 mm délky 10 m
Bores dia 105 mm, 10 mlong =~ ™_

Obr, 3
PZP Haje, tlakovy uzavér, provedeni zavodiovacich vrtl na zatce B1
UGS in Haje, pressure seal, realization of irrigation bores on the plug B1

on of the allowed permeability min. k, = 10 m/sec was not performed. On the
basis of said negative results, further grouting works on both sides of the plug
were stopped.

It was evident that at the given viscosily and reaction time of the resin, the
required sealing effects cannot be achieved. The firm CarboTech Bohemia s.r.0.
Ostrava, performed changes of properties Bevedan-Bevedol WF 6004/01 with
the aim to decrease the mixture viscosity and to make longer its reaction time.

The said properties were achieved by means of a special modificating agent
named DISOL. Tests of the mixture and measuring of its viscosity proved that the
viscosity was decreased to 140 mPa at 20° C, the start of the reaction was made
longer, viz. to 4 min. 20 sec. The mixture modification performed by means of the
modificating agent does not affect physical-mechanical properties of the harde-
ned resin in any way.

With the resin modified in this way, there was carried out a contact grouting of
the Ist section at the plug Bl. Now, at grouting, a better penetration of the mixtu-
re in the contact zone was found out, particularly from the contraction breach,
arisen at the contact of the steel fiber reinforced concrete and the rock. Then
a water pressure test was made, the results of which complied with the required
criterion.

In the same time there was performed a test contact grouting by Zakladani
staveb a.s. Praha in the grouting section of the lind plug IA. The grouting was
carried out when using polyurethan resin WEBAC 1403. At this grouting, tight-
ness requirements were performed, and the water pressure test also complied
with laid down conditions.

On the basis of professional evaluation of both grouting mixtures and by com-
paring measuring results of the mechanical behaviour with the required strength
properties, it was decided to apply the modified grouting mixture Bevedan-
Bevedol WF 6004/01. It was stated that the mixture WEBAC 1403 does not achi-
eve the required strength and deformation properties laid down by the design.

Results of performed tests are mentioned for a comparison:

- modified mixture Bevedan-Bevedol WF 6004/01

compression strength: min. 79 MPa

shearing strength : 55.5 MPa

The material has a considerable dilative behaviour. Its deformation character
is elastic-plastic with a residual strength not lower than 50 to 55 MPa. No crack
appeared on samples even at a 30 % shortening of the sample height,
Mechanical parameters of the modified material are altogether better than those
ones of the basic material. The material increases its volume a little during set-

fing,
WEBAC 1403
compression strength: 0.6 MPa
shearing strength : 0.31 MPa

Failure at the breaking strength is of a fragile character, which also proves
a more fragile behaviour of the material at the shearing stress being higher than
the limit.

The material has a character of an elastic gel without volume changes during
setting.

4.4. LOCAL FINISHING SEALING OF THE PLUG BODY
(HETEROGENEITY IN THE PLUG)

The grouting was carried out after the check testing by means of a ground
penetrating radar, which indicates anomalies corresponding with clusters of ste-
el fibers, and with random areas of discontinuity. The density of bores and their
location were determined simultaneously with evaluations of measurements per-
formed by the radar.

If grouting bores were short, their diameter was 14 mm, if they were longer,
the diameter was 29 mm. The bores were grouted with the modified resin of the
type Bevedan-Bevedo! WF 6004/0! under pressure of max. 3 MPa.

4.5. MICROGROUTING IN THE PLUGS FOREGROUND

For the final sealing of the contact surface of the excavated space and of the
smoothing shofcrete layer in the foreground of the plugs, a micro grouting was
carried out. Bores were situateded at the front edge of the levelling shotcrete lay-
er, and at the plug armours in three fans of bores laid out in a chessboard-like
manner, in a spacing of 300 mm. Boring in the depth of 300 mm was done to
ensure that the grouting affected the zone at the contact vicinity only. The modi-
fied resin of the type Bevedan-Bevedol WF, grouted at the maximum grouting
pressure of 3 MPa, was applied as the grouting medium again.

4.6. BACK GROUTING

Between the mounted armour, closing the plug, and the concrete surface of
the plug, there arose a space which had to be filled. Said grouting had to be per-
formed only in a casting way without a pressure and with a material which makes
no foam, if it is in contact with water, because there would arise a danger of
deformation of the armour. For said purpose there was chosen the modified mix-
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taz pouze pfikontakini zény. Jako injektdZniho média bylo opét pouzito modifiko-
vané pryskyfice typu Bevedan-Bevedol WF injektovane pfi max. injektaznim tla-
ku 3 MPa.

4. 6. VYPLNOVA INJEKTAZ

Mezi osazenym pancifem uzavirajicim zatku a betonovou plochou zatky vzni-
kl prostor, ktery bylo potfeba vypinit. Tuto injekta vak bylo nutno provadet pou-
ze zalévanim bez tlaku a hmotou, kierd pfi styku s vodou nenapénuje, protoze
hrozilo nebezpeéi deformace pancife. Pro tento ugel byla zvolena modifikovana
inj. smés lypu Bevedan-Bevedol WF/WT /michani 1:1/. Injektovéano bylo pres
pancif do predem navrtanych olvorll priméru 8 mm postupné od spodni casti
pancife az do klenbové ¢asti dila,

5. TLAKOVA ZKOUSKA VODNIHO TLAKOVEHO UZAVERU

Po dokonceni stavebnich a injektaznich praci na zatkdch A2 a B2 bylo nutné
ovéiit llakovou zkouskou, zda tlakovy uzavér vyhovuje projektem stanovenym
parametrim. Vlastni tlakova zkouska byla provadéna vodou spousténou mezi-
zatkovym vrtem do mezizatkoveho prostoru. Pfi zkousce byly sledovany
a nasledné vyhodnoceny zejména deformace zétek a jejich piedpoli, prisaky
zalek A 2 a B 2 a syceni masivu v mezizatkovém prostoru, Nedilnou soucasti tla-
koveé zkousky bylo | sledovani a vyhodnocenl jejl vodni bilance.

PRUBEH TLAKOVE ZKOUSKY

Tlakova zkouska probihala ve tfech etapéch. Mezi jednotlivymi e[arami bylo
nuiné realizovat dopliujici injektaze zatek A2 a B2. U obou zatek byly v injek-
taznich celeich IV. a v jePch predpolich vrtany véjife vrtd délky 5 m a pruméru 29
mm. Smérovani vitd byla venovana velka pozormost, vrty byly vedeny lak, aby
protinaly puklinové systémy v éelech i predpalich zatek. Doplfiujici injektaz byla
provadena ve dvou az tfech oddélenych lakovych etazich vzestupnym zplso-
pem takto:

Etaz | Injektazni hmota Injektazni tlak /MPa/
1. smés polyuretanovych gell
RESICAST GH 90/GH 96 D 15,00
2. smés polyuretanovych gelll
RESICAST GH 90/GH 96 D 10,00
3. modifikovana polyuretanova pryskyfice
BEVEDAN-BEVEDOL WF 5.0

Zatka

ture of the type Bevedan-Bevedo! WF/WT (mixture 1 : 1). The grouting was per-
formed through the armour into bores of 8 mm diameter, drilled in advance, viz.
gradually from the lower armour part up to the vault part of the structure.

5. WATER TEST OF THE WATER PRESSURE SEAL

The engineering works and grouting ones concerning the plugs A2 and B2
having be completed, it was necessary to check up, by means of a pressure test,
if such a seal comprises with parameters laid down by the design. The proper
pressure test was carried out by means of water supplied through the interplug
bore into the interplug space. During the test, there were monitored and then
evaluated especially deformations of the plugs and of their foreground, percola-
tions of plugs A2 and B2, and saturation of the massif in the interplug space.
Monitoring and evaluation of the water balance form the integral part of the pres-
sure test too.

THE COURSE OF THE PRESSURE TEST

The pressure test is performed in three slages. Between individual stages, it
was necessary to realize additional grouting of plugs A2 and B2. At both plugs,
in the grouting sections 1V and in their foregrounds, there were drilled fans of
bores being 5 m long and of the diameter of 29 mm. A considerable attention was
paid to the direction of the bores. The bores were directed in such a way that they
may cross crack systems in faces and foregrounds of the plugs. The additional
grouting was made in two up to three separated pressure steps in an increasing
way as follows:

Step Grouting material Grouting pressure /MPa/
1st mixture of polyurethan gels
RESICAST GH 90/GH 96 D 15.00
Z2nd mixture of polyurethan gels
RESICAST GH 90/GH 96 D 10.00
3rd modified polyurethan resin
BEVEDAN-BEVEDOL WF 5.0

In the course of the pressure test, percolations were measured in the foreg-
round of the plugs A2 and B2 by means of a submersible pump, located in a spe-
cial pit.
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V priibéhu tlakové zkouSky byly priisaky méfeny v piedpoli zatek A2 a B2
pomoci ponorného ¢erpadla umisténého ve specialni jimce.

Vyvoj priisakt v pribéhu tlakové zkousky

ZATKA A 2
etapa tlak vody /MPa/ prasak /I min/
I B 1,5 neustaleny stav
II. 5,37 0,0
10,0 1,5 neustéleny stav
MI. 9,0 0,0
10,0 3,95 ustaleny stav
ZATKA B 2
etapa tlak vody /MPa/ prusak /l min"/
I 5,37 5,5 neustaleny stav
il 5,37 0,0
10,0 3,9 neustaleny stav
I11. 8,0 0.0
10,0 6,3 ustaleny stav

Pribéh I, etapy tlakové zkousky je graficky znazornén na obr. ¢. 5.
Vyhodnoceni tlakové zkousky

Na zékladé vyhodnoceni vysledkd provedené tlakové zkousky bylo hlavnim
projektantem konstatovano, ze tlakova uzavéra podzemniho zasobniku plynu
dostateéné vyhovéla projektovanym parametrdim.

7. ZAVER

Pro utésnéni tlakovych uzavérd podzemniho zasobniku plynu bylo nutné pro-
vést technicky velmi naroéné injektaZni prace. Na fesenf problematiky se podile-
la cela fada odbornik( z oboru podzemniho stavitelstvi a geotechniky. Uspésnost
provedeného utésnéni bude mozné detailnéji zhodnotit az pii trvalém provozu
zasobniku. Jiz dnes je vSak mozné konstatovat, ze diky dobré spolupraci véech
zU&astnénych pracovnikl se podafilo utésnit a tim dokondit ojedinélé a ve svété
unikatni dilo.

Z hlediska utéstiovani horninového masivu a stavebnich konstrukei bylo zis-
kano mnoho novych a velmi cennych zkusenosti. Bylo prokazano, ze Ize provést
utésnéni podzemniho dila proti velmi vysokému tlaku vody, byla potvrzena vhod-
nost pouziti chemické vysokotlaké injektaze polyuretanovymi pryskyficemi
a gely. Ziskané poznatky a zkusenosti mohou byt v budoucnu uréité vyuzity pfi
vystavbé daldich narocnych podzemnich staveb.

Development of percolations in the course of the pressure test

PLUG A2

stage water pressure /MPa/ perlocation fipm/
Ist 5.37 1.5 unsteady state

lind 537 0.0
10.0 1.5 unsteady state

iird 9.0 0.0

10.0 3.95 unsteady state
PLUG B2

stage water pressure /MPa/ perlocation /lpm/
Ist 7 5.5 unsteady state

lind 537 0.0
10.0 3.9 unsteady state

Iird 8.0 0.0
10.0 6.3 unsteady state

The course of the llird stage of the pressure test is shown graphically in
Figure 5.

Evaluation of the pressure test

On the basis of evaluation of the results of the performed pressure test, the
chief designer stated, that the pressure seal of the underground gas storage
complied with the designed parameters in a sufficient way.

7. CONCLUSION

For the pressure seals of the underground gas storage, it was necessary to
perform grouting works, very exacting from the technical point of view. Many
experts of the branch of underground engineering and geotechnics took part in
solving the problems. To evaluate in details, how successfully the performed sea-
ling was solved, it will be possible after some time of the permanent storage ope-
ration. But it may be stated already just now, that due to a good cooperation of
all participating workers, the structure, unique in the world, was successfully sea-
led and in this way completed.

From the point of view concerning sealing of the rock massif and of underg-
round structures, there was gained new and valuable knowledge. It was proved
that it is possible to seal an underground structure against very high water pres-
sure, and it was also proved that it is suitable to apply a chemical, high pressu-
re grouting with polyuretane resins and gels. Gained information and knowledge
may be surely applied in the future, when constructing further exacting underg-
round structures.
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PZP Haje - Tlakova zkouska lil. etapa, prisaky na zatkach A2 a B2

USG in Héje - Pressure test stage lll., percolations on plugs A2 and B2
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KAVERNOVY ZASOBNIK PLYNU

CAVERN GAS STORAGE

JOSEF TESKA, SG GEOTECHNIKA, A.S.

Uvaha o vystavbé Kavernového zasobniku Haje u PFibrami byla fesena stat-
nim Okolem RUT ¢. P 10-125-404 "Vyzkum Kavernového zésobniku plynu"
v letech 1979-1986 jehoz fesitelem byl Plynoprojekt Praha. Od pocatku praci na
vyzkumném Ukolu dzce spolupracoval Plynoprojekt Praha se Stavebni geologif
a s byvalym Ceskym geologickym Gfadem, Ceskym bafskym ufadem
a Uranovymi doly Pfibram.

Po kladném expertnim posouzeni byl v roce 1987 zpracovan investicni zamér,
ktery byl predlozen statni expertize a schvalen.

Cesky plynarensky podnik s cilem minimalizovat rizika investiéni vystavby
uzaviel v roce 1989 smlouvu s Ceskym geologickym Gfadem. Realizaci viastnich
prdzkumnych praci na 21. patfe dolu lll, IV byla povéfena Stavebni geologie
Praha. Zajmovy prostor byl z povrchu pfistupny jamou ¢. 16 a ¢. 11A.

Stavebni geologie Praha v kvétnu 89' zpracovala projekt geotechnického
a hydrogeologického prGzkumu masivu granitoidd.

V 09/89 byl zahajen systematicky prizkum I. etapou, jejimz dkolem bylo stu-
dium a ziskani poznatkd o geologickych a hydrogeologickych pomérech horni-
nového masivu.

Soucasné v pribéhu |. etapy prdzkumnych praci byl zpracovan projektovy
Ukol podzemni ¢asti KZP (Kavernovy zasobnik plynu - déle jen KZP), kiery zpra-
coval Plynoprojekt v roce 1989 !

V letech 10/1991 - 02/1992 néasledovala Il. etapa inzenyrsko-geologickych
praci s cilem ovéfeni prilbéhu a charakteru zjisténych tektonickych linif a ovéie-
ni jejich propustnosti pro vodu a plyn.

Stavebni geologie - Geotechnika zpracovala originalni metodiku pro zkougky
jimatelnosti plynu ve vrtech.

Na zakladé zavérl a vyhodnoceni praci, které byly v roce 09/1991 oponova-
ny hlavni komisi CPP s.p. Praha (za G&asti expertnich pracovnik(l) a dale na
zakladé uspé3né oponentury na Ministerstvu pro hospodarskou politiku a rozvoj
v tnoru 1992 byla zpracovana zékladnf projektova dokumentace Plynoprojektem
Praha a Diamosem Ostrov nad Ohfi, ktera byla vyskladnéna v 08/1991.

V navaznosti na to byl OBU Pfibram pozadan zhotovitelem, tehdejsim CSUP
s.p. Sprava uranovych lozisek, 0.z. Piibram o povoleni hornické éinnosti - zvlast-
ni zsah do zemské kliry k realizaci podzemni ¢asti "Kavernového zasobniku ply-
nu Brod", pozdéji zména dle katastralniho Gzemi na "Kavernovy zasobnik plynu
Haje".

Vlastni realizace stavby probihala od 1. 4. 1992 podie schvaleni projektové
dokumentace. Po zhodnocen( pribéhu vystavby v zavéru r. 1994 byl dopracovéan
zakladni projekt vystavby a vydan jako "Projekt dostavby spodni ¢asti" platny od
1.1. 1995,

Zhotovitel v souladu s timto projektem ukon€il razby v PZP v 10/1996 s tim, ze
termin likvida¢nich praci a ¢isténi zasobnikovych chodeb, 01/1997 nebyl dodr-
zen. Nedodrzeni terminu bylo zpiisobeno likvidaci zavalu v ZV 51/2.

Soucasné s dokonCovacimi pracemi probihaly prace vyplyvajici ze zpravy
"0 zvydeni kapacity PZP - Haje" a to realizace zkusebniho télesa ¢, 1, véetné tla-
kovych zkousek a nasledné zkusebniho télesa &. 2.

Na zakladé dilcich vysledk( a oponentury stavebniho objektu SO 1608 - - tla-
kové uzavéry ¢. 1 a 2 byl pfepracovan jeho projekt a technologie vystavby toho-
to objektu.

V obdobi 03/97 - 31.5.1997 byly provedeny vylomové prace.

Nésledovala Uprava pfedpoli zatek, osazeni 2 pancii a injektazni prace v pro-
storu zatek.

K 31.5.1997 byly ukonCeny vSechny prace uvnitf zasobniku véetné fotogram-
metrického zaméfeni skuteéného objemu zasobniku, ktery éini dle protokolu fir-
my MEKKA 620 502 m?.

Propojeni podzemni ¢asti KZP - Haje s povrchem bylo feSeno v ramci |. eta-
py vystavby vrchni ¢asti stavby KZP v roce 1992 a to piipravou stavenisté, pii-
vody energif a realizaci 2 technologickych a 5 tézebné vtldéecich vrid,

Vitné prace byly zahajeny v 3/93 vrtem V5 a ukonceny vrtem T2 dne 21. 9.
1994, realizovanych dle projektu GPO Ostrava a.s., ktery byl téZ zhotovitelem
dila.

InZzenyring provedla SG - Geotechnika. Podrobné zhodnoceni je uvedeno ve
"Zpravé o technickém dozoru vrinych praci* z 11/94.

Jednou ze zakladnich problematik studovanych od zagatku |. etapy prizkum-

The idea concerning the construction of the Cavern Storage at Hdje near
Pribram was solved by the state task RUT No. P 10-125-404 “Research of a
Cavern Gas Storage” within the years 1979 up to 1986, the solving corporate
body of which was Plynoprojekt Praha. From the beginning of works concerning
the research task, the firm Plynoprojekt Praha cooperated intensively with the
firm Stavebni geologie, as well as with the former Czech Geological Office,
Czech Mining Office and Uranium Mines of Pribram.

After a positive expert's opinion, the investment brief was elaborated in the
year 1987, which was presented fo a state expertise and then approved.

The Czech Gasworks Enterprise (CGE), with the aim to minimize the con-
struction risks, concluded, in the year 1989, a contract with the Czech Geological
Office. The firm Stavebni geologie Praha was authorized to perform the investi-
gation on the floor 21 of the mine Ili, V. The respective area was accessible from
the surface through the shaft No. 16 and No. 11A.

Stavebnf geologie Praha elaborated, in May 1989, a design of geotechnical
and hydrogeological investigation of the massif of the granitic massif.

In September 1989, there starfed the Ist stage of the systematic survey, the
task of which resided in a studying and in gaining knowledge on geological and
hydrogeolegical conditions of the rock massif.

Simultaneously, in the course of the first stage of the survey, there was ela-
borated a small scale design concerning the underground part of the CGS
(Cavern Gas Storage - hereinafter “CGS” only) which was elaborated by
Plynaprojekt in the year 1989,

Within the period from October 1991 up to February 1992, the second stage
of engineering-geological survey followed, with the aim to verify the course and
charakter of the encountered tectonic lines, and to verify their water and perme-
ability conditions.

The firm Stavebni geologie - Geotechnika developed an original method for
testing gas holding capacity of bore holes.

On the basis of the canclusions and evaluations of the surveg results, which
were opposed in September 1991 by the main commission of CGE (at the atten-
dance of experts) and then on the basis of a successful opposer proceedings at
the Ministry for Economic Politics and Development in February 1992, there was
elaborated the basic design documeniation by Plynoprojekt Praha and by
Diamos Ostrov nad Ohii, which was completed in Augus! 1991.

With respect lo the above mentioned facis, the District Mining Office Pribram
was asked by the coniractor - the former CSUP s.p., Administration for Uranium
Deposits, o.z. Pribram, for a licence to perform mining aclivities - viz. a special
intervention into the crust of the earth for realizing the underground part of the
‘Cavern Gas Storage Brod", later changed with respect to the cadastral area to
“Cavern Gas Storage Haje". The realization proper of the consiruction started on
April 1, 1992, according to the approved design documentation. After having
evaluated the previous development of the construction at the end of the year
1994, there was completed the basic design of consiruction and issued as the
“Design of the finish of the complementing structure of the subsurface part’, valid
from January 1, 1995.

The conlractor, in compliance with this design, completed excavation of the
cavern in October 1996, although the term for completion of liquidation works
and cleaning of sforage corridors, January 1997, was not observed. The delay of
the term was caused by liquidation of a caving ref. no. 51/2,

Simultaneously with the finishing works, the works resulting from the report
"On increasing the capacity of the CUS - Héje" were carried out, viz. the realiza-
tion of the testing body No. 1, including pressure tests, and then the realization
of the testing body No. 2.

On the basis of partial results and the opposer proceedings of the structure
SO 1608 - pressure seals No. 1 and 2, the respective design and consiruction
melhod of this structure were revised,

Within the period from March 1997 up to May 31, 1997, the excavation works
were performed.

Then the improvement of the foreground gg:lugs, installation of two armours
and iqroul:‘ng works in the plugs areas followed.

All works inside the storage, including the aerial surveying of the actual volu-
me of the storage which was determined in the report of the firm MEKKA as 620
502 cub.m., were completed to the date of May 31, 1997,

The interconnection of the underground part of the UGS Héje with the ground
level was solved within the first stage of the consltuction of the superstructure of
the UGS in the year 1992, viz. by preparing the consiruction sile, the ulility ser-
vices and by realization of two technalogical and five filling bore holes.

Drilling was started in March 1993 with the bore hole V5 and completed with
the bore hole T2 on September 21, 1994, realized according to the design of
GPO Ostrava a.s., which was one of contractors.
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nych praci az prakticky po zkousky "in situ" v pokusné hrdzi ¢.1 a 2 bylo zjisténi
propustnosti horninového prostiedi pro vodu a plyn.

Vodni tlakové zkousky byly provadény ve vodorovnych a svislych jadrovych
vrtech.

Zjistovani propustnosti horninového prostiedi metodou vodnich tlakovych
zkousek je jednoducha a pfesna metoda. Obor tlakli do 20 MPa pouzivany v pro-
storu zasobniku byl v hasem stété proveden poprve.

Metodika zkousek spocivala v méieni spotfeby vody ve vrtech na predepsa-
nych tlakovych stupnich. Koeficienty filtrace jsou pfepocteny dle vzorce
Altovského

k = 0,607639 x 10° x Q x log %6’“
kde

k = koeficient filtrace (m.s™)

Q = mérn4 ztrata vody (pfi tlaku 10 kPa) (1.min".m?)
| = délka etaze (m)

r = polomér zkouseného vrtu (m)

Plynové tlakové zkousky propustnosti (PTZ)

Ovéfovani plynopropustnosti horninového masivu ve vrtech bylo provadéno
dvéma rozdilnymi typy zkouSek a to zkouskou PDT a CHIT.

Zkouska PDT (pressure drop test) sestavala z postupného natlakovani vrtu
vzduchem na maximalni hodnotu, uzavfen tlakového systému a dlouhodobého
sledovani tlakovych zmén ve vrtu za postupného pfechodu do jednotlivych rov-
novéaznych stav(l pii danych teplotach a tlacich.

Zkouska CHIT (constant head injection test) sestavala z postupného tlako-
vani vrtu vzduchem na predepsané tlakové stupné, na nichz je drzen konstantni
tlak media ve vrtu pfi proménném pritoku. Po vytvofeni rovnovazného stavu, je
stanovena ztrata vzduchu pfi uréitém konstantnim tlaku. Dana ztrata media je
pfimo dmérna propustnosti horninového masivu.

Z ¢asoveho vyvoje ztrat objemu plynu pfi zkousce CHIT a z ¢asového vyvoje
ztréat tlaku pii zkousce PDT je mozno stanovit plynopropustnost (K) hominového
masivu :

_ QaxpxG Y _ [PV
K= Txixp X[(m) <p>

kde

-1

K = propustnost (m?) G = geometricky faktor (bezrozmérné)
Q = pritok vzduchu pfi p=10°Pa  (m%s) p, = referencni tlak (10°Pa)

k = koeficient filtrace (m/s) p, = tlak na hraniéni izobafe (10°Pa)

L = délka vitu (m) g = tihové zrychleni (m/s?)

P, = tlak ve vrtu (Pa) v = kinematickd viskozita (kg/im.s)

1 = dynamicka viskozita (kg/m.s)  r = Ludolfovo ¢islo (3,1415)

Podminkou fe$eni je suchy vrt a laminarni proudéni vzduchu do vrtu.
Objemové a tlakové ztraty byly méfeny az po dosaZeni rovnovazného stavu ve
vriu tj. stavu, kdy pii konstantnim tlaku je do vrtu vila€eno konstantni mnozstvi
plynu v daném ¢asovém intervalu. Pokud jsou stény vrtu vihké nebo z vriu vyté-
ké voda, dochazi pfi injektazi plynného media ke zvétSenym ztratam viivem zvét-
$eného rozsifen! puklin a vlivem snadnéj$iho prlichodu vzduchovych bublin
zvodnélymi diskontinuitami. Stav zvodnéni horninového masivu je vyjadien hod-
notou koeficientu m jsou v mezich 0,00 - 1,00. Stanovenou hodnotou koeficien-
tu m je nutno vynasobit namétené ztraty Q,, abychom ziskali skuteénou hodno-
tu ztrat plynného media v horninovém masivu.

VYSLEDKY VYHODNOCEN( VODNICH A PLYNOVYCH
TLAKOVYCH ZKOUSEK

The firm SG - Geotechnika performed engineering works. The detailed evalu-
ation is contained in the “Report on technical inspection of drilling works”, dated
November 1994.

One of the basic problems sludied from the beginning of the first stage of the
investigation, practically up lo field tests of the trial plugs No. 1 and No. 2, was
determination of the water/gas permeability of the rock environment.

Water pressure tests' (WPTs) were carried out in horizontal and vertical core
bore holes.

Determination of the rock permeability by means of the waler pressure tests,
is a simple and-precise method. The pressure line up to 20 MPa in the space of
the storage was performed in our state for the first lime.

The method of test resided in measuring water consumption in bores at presc-
ribed pressure levels. The coefficients of filtration are re-calculated according to
the Altovsky formula

k = 0,607639 x 10° x 0x/og%6x’
where

k = filtration coefficient (m.s')

Q = specific water loss (at the pressure of 10 kPa) (Lmin™ . m™')
| = length of the section (m)

r = radius of the tested bore hole (m)

Gas permeability pressure tests of permeability (GPT)

Verification of the gas permeability of the rock massif in bore holes was carri-
ed out by means of two different types of tests, viz. PDT and CHIT fests.

The PDT lest (pressure drop test) consisted of the following operations: gra-
dual buildup of the air pressure in the bore hole lo the maximum value, closing
of the pressure system and long-term monitoring of pressure changes in the bore
while gradually switching to individual balanced states at corresponding tempe-
ratures and pressures.

The CHIT test (constant head injection test) consisted of a gradual pressuri-
zing of the bore hole with air to the pressure degrees prescribed, at which the
constant pressure of the medium contained in the bore hole is maintained with
passage changes. After the balanced state has been reached, the air loss at a
certain constant pressure is determined. The given medium loss is in direct pro-
portion fo the permeability of the rock massif.

With respect to the time development of the gas volume losses at the CHIT
test and with respect lo the time development of pressure losses at the PDT test,
it is possible to determine the gas permeability (K) of the rock massif.

-1
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K= Zxixp° X{(m) <pa>
where
K = permeability

(sq.m) G = geometric factor (without dimension)

Q = air passage atp = 10° Pa  (cub.mps) p, = reference pressure (10 Pa)
k = filtration coefficient (mps) p. = pressure at the limit isobar ~ (10° Pa)
L = length of the bore hole (m) g = weight acceleration (mps?)

P, = pressure in the bore hole  (Pa) v = kinematic viscosity (kgpm.s)
1 = dynamic viscosily (kgpm.s) 7 = Ludolf No. (3.1415)

A dry bore and laminar air stream of air into the bore is a precondition of the
solution. Volume losses and pressure ones were measured, after the balanced
state in the bore had been achieved, i.e. the state when, at the constant pressu-
re, a constant gas quantity within the determined time interval is pressed into the
hole. If walls of the hole are wet, or water flows out of the bore, then, at supply-
ing the gas medium, increased losses take place, due to the enlarged cracks,
and due to an easier passage of air bubbles through saturated discontinuities.
The situation of rock massif saturation is expressed by the value of the coeffici-
ent m within limits 0.00 up to 1.00. The measured losses Q, must be multiplied
by the determined value of the coefficient m, that the real value of losses of the
gas medium in the rock massif could be obtained.

RESULTS OF EVALUATION OF WATER PRESSURE TESTS
AND GAS ONES

Zkouska Rozsah | Vypoctovd | Vypottovd Celkovd Spotieba Koeficient fillrace Vypocel Extent of | C: ion| C: ion | Total i{ C i O of filtration | Calcula-
zkousené | délka délka spotieba vody | vody (plynu) pro Typ Test of | the tested| lengih of | length |onof gas | of waler/gas pe tion for | Kind
na . = -
e etdze etize poruch (plynu) / etéz | na 1 metdse | naetdz |poruch pdsem| tlak | zkousky the bore| section | the section| of faulls per section  |one m of section| for section| of faully zones | pressure| of test
[m] [m] {m] [Vs] [Vs.m] [m/s] [m/s] [MPa] [m} imj [m] [ips} [los.m} {mps] [mps}] {MPa]

J1 10-58 48,0 12,7 0,024 520.10¢ | 1.5010™ 19010 12,5 VTZ J1 10-58 480 127 0,024 5,20.10¢ | 1,50.10™ 1,90.10° 125 viz

J2 10-170 160,0 6,74 0,051 3,22.10* | 43010 29010 125 V1Z J2 10-170 1600 6,74 0,051 3,22 10% | 430.107 2,90.10™" 125 viz

1.0 6,25.10° | 10710 12,5 PTZ 1.0 625100 | 10107 125 P17

J3 5,2-17 164,0 210 0,53 322107 | 560,10 6,50.10™ 12,5 V1Z J3 52-17 164,0 21,0 053 32210° | 560.10" 6,50.10™" 125 1274

J4 6,2-100 948 6,3 0,04 421.10* | 3.20.10" 8,50.10 15,0 VTZ J4 6,2-100 94.8 63 0,04 421107 | 320.10* 8,50.10% 15,0 Viz

J5 5,8-70 64,2 5,5 4,00 623107 | 900,10 6,50.10* 12,0 VTZ J5 5,6-70 642 55 4,00 6.23.107 | 9,00.10° 6,50.10° 12,0 Viz

J6 2,0-50 48,0 21 0,64 133102 | 18410 21010 12,0 VTZ Jé 2,0-50 48,0 21 0.64 1.33.10% | 1.84.10" 2,10.10° 12,0 viz

37,95 791100 | 107107 120 | P12 37,95 79110 | 10210 120 | PIZ

J8 4-1 70 1.0 0,080 1,14.107 | 1,09.10™ 4,20.10 12,0 VTZ Jo 4-11 7.0 1,0 0,080 1,14.1¢% | 1,09.10" 4,20.10" 12,0 Viz

4,2-69,2 65,0 14 0,01t 1,69.10 | 24510 1,02.10" 12,0 VTZ 4,2-692 65,0 114 0011 1,69.10° | 245107 1,02.10" 12,0 viz

PJ 1 1-20 19,0 44 0,026 137.10° | 25010 8,60.10 12,0 V1Z P =20 19.0 44 0,026 1,37.10° | 250.107 8,60.10* 12,0 viz

49 0,8-53 52,2 79 0,180 345107 | 69110 3,61.10™ 12,0 V1Z J9 0,6-53 522 7.9 0,180 345.10° | 691.10* 36110 12,0 1274

1-110 109,0 79 0,132 121107 | 26210 26510 12.0 V1Z 1-110 109.0 79 0,132 121.10° | 26210 2,65.10" 120 viz

1,33.10° 2,90.10° 1,33.10° 2.90.10°
6,67 az 9,25.10™ az 14 PTZ 6,67 a2 82510 az 114 PTZ
5,34.10* 5,09.10° 534.107 509.10°
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VYSLEDKY VYHODNOCENI VODNICH A PLYNOVYCH
TLAKOVYCH ZKOUSEK - pokragovan

RESULTS OF EVALUATION OF WATER PRESSURE TESTS
AND GAS ONES - continuation

Zkouska Rozsah | Wypoclovd | Vypodtova Celkovd Spotfeba Kaeficient filtrace Vypacel Extent of | C: ion | C: jon |Total pt Ot Coefficient of filtration C:alcula- '
zkousené | délka détka | spolfeba vody | vody (plynu) pio Typ Test of | the tested| fength of | fength | on of water/gas | of water/gas per - tion for | Kind
'r‘f elaze eldze poruch [ (plynu)/eld? [na1meldze | naetiz |poruch pasem | tlak Zkousky the bore | section | the section | of faults | per section  |one m of section] for section| of faulty zones | pressure| of test
M ] [m) (ws) Wsml | fms] (mis] | [MPa] m | m [ fips} fosmj | fmps] | fmps| | mPaj
Jio 1>9 8,0 = 0,005 62510 |9,9310" 9,93.10" 12,0 VTZ J10 1>9 80 = 0,005 625107 | 8,93.10 9,93.10" 120 1274
8.3-20 1.7 46 0,015 1,2510° [ 2,14.10™ 47810 120 VIZ 8,3-20 1.7 46 0015 125107 | 214107 4,76.10" 120 viz
20-30 10,0 3,0 0,004 40010 | 6,56.10" 1,83.10™ 12,0 TZ 20-30 10,0 30 0,004 400107 | 656.10" 1,83.10% 12,0 viz
J1 2-20 18,0 0.5 0,03 1,66.107 | 2,10.10™ 2,25.10™" 120 VTZ J11 2-20 16,0 05 0,03 1.66.107 | 210.10 22510 12,0 viz
20-50 30,0 35 0,046 1,53.10° [ 2,11.10" 6,37.10™ 12,0 VTZ 20-50 30,0 35 0,046 153107 | 211.10™ 83710 12,0 vz
J12 2,6-50 475 - 0,112 23510 | 348,10 3,50.10" 12,0 vz J12 | 25-50 475 = o112 235107 | 348.10™ 3.50.10" 120 viz
5,00,10" 500107
8,00 1,68.102 az 125 PTZ 8,00 1,68.10° az 125 P1Z
1,00.10™ 1.00.10
T™vZ2 |06-4,17 3,57 3,57 0,02 5,60.10° | 58310" 59310 12,0 VTZ vz |06417 357 357 0,02 560.10° | 593.10" 5,93.10 120 Viz
™4 0,6-4 3,40 340 0,014 412,107 | 432.10™ 4,32.10" 120 VTZ Uz 064 340 340 0014 4,12.10° | 432107 4,32.10" 12,0 1z

Poznamka: U vrttt J 1, J 2 a J 4 je hodnota celkové spotfeby vody na etaz zna-
ma pouze pii tlaku 15 MPa.

Na zakladé naméfenych vysledki VTZ byla provedena interpretace vodnich
tiakovych zkoudek Ustavem pro ekosystémovou analyzu Bariské univerzity
Leoben (autor RNDr. Michal Stibitz).

Pro interpretaci VTZ byl pouzit systém PanSystém (sime 1890). Byla pouzita
metoda VRD (variable rate drawdown) v modifikaci pro injektaz s promeénlivym
vtlaéenym mnozstvim.

Vysledky vyhodnoceni VTZ z vrtu J8 pii tlaku 12 MPa jsou prezentovany na
obrazcich 1. a 2.

Celkem bylo vyhadnoceno 22 vodnich tlakovych zkousek. Z vyhodnoceni

VTZ programem PanSystém piineslo hodnoty s mediany proméru fadové

2-4. E' m's", coZ jsou hodnoty vy33i nez vysledky interpretace VTZ podie
Altovského. Polvrdila se tak omezena aplikovatelnost programu PanSystém pro
vyhadnoceni téchto hydraulickjch zkousek v granitu.

Nasledné byla provedena modelova simulace modelem MODELFLOW, ktera
poskylla dalsi tdaje pro simulaci hydrauliky okeli Kavernového zasobniku troj-
rozmérnym modelem STAFF 3 D. Pfi pouziti tohoto modelu byly podstatné sni-
Zeny predevsim hodnoty koeficientu filtrace puklin.Vysledné hodnoty odpovidajf
vysledkiim interpretace VTZ dle Altovského.

Posouzenim propustnosti horninového masivu prostorovym matematickym
modelem se zabyvala téz fy Dolexpert - Geotechnika (autorka ing. Marta
Dolezalova, CSc.).

VySe citovand préce se zabyva analyzou propustnosti horninového masivu
v okoli tlakovych uzavéri KZP pfi plisobeni liaku vody v mezizétkovém prostoru
v10 a 13 MPa. Zhodnaceni tohoto modelu by zasluhovalo samostatny ¢lanek.

V soucasné dobé je z&sobnik plynu provozovén pii loziskovém tlaku 7.5 MPa
a tiak v mezizatkovém vrtu cca 8,0 MPa. Vysledky pfi téchto tlacich piné kores-
ponduji s projektovymi propustnostmi masivu a jsou sledovany jak provozem fy
Transgas, Plynoprojektem a.s. (generalnim projekiantem), tak i SG -
Geotechnikou a.s. a Plynoprojekt provédi porovnani projekiovanych parametr()
s modelem i se skuteénosti.

MPa, m3, day
375000
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Obr. 1/ Fig. 1

Note: As to bores J 1, J 2 and J 4, the value of total consumption of water for
section is known only at the pressure 15 MPa.

On the basis of measured WPT results there was performed the interpretati-
on of waler pressure tests by the "Institute for ecosystem analysis of the Mining
University Leoben" (author: RNDr. Michal Stibitz).

For the interpretation of WPT there was applied the system PanSystém (sime
1990). The VAD (variable rate drawdown) method in the modification for grou-
ting with variable pressed-in quantities was applied.

Results of WPT evaluation from the bore J8 af the pressure 12 MPa are pre-
sented on Figs. 1 and 2.

Alltogether there was evaluated 22 water pressure tests. The evaluation of
WPT by means of the PanSystém program provided values with medianes of the
average in orders 2 up to 4 . E* ny's ', which are values higher than results of
interpretation of VTZ according to Altovsky, The limited applicability of the
PanSystém program for evaluation of the said hydraulic tests in granite was pro-
ved in this way.

Then a model situation was performed by means of the model MODELFLOW,
which provided further data for simulating hydraulic condiitions in the neighbour-
food of Cavern storage by means of a three dimensional model STAFE 3 D.
When applying this model there were considerably decreased especially values
of the filtration coefficient of cracks. Resulting values correspond with results of
the WPT interpretation according to Aftovsky.

The judging of permeability of the rock massif by means of the space mathe-
matic model was also the subject of activity of the firm Dolexpert - Geotechnika
(author: Ing. Marta DoleZalové, CSe.)

The cited work concemns the analysis of the rock massif permeabifity in the
surroundings of pressure seals of the CGS at the influence of water pressure in
the interplug space at 10 and 13 MPa. The evaluation of this model would deser-
ve the whole article.

Al present, the gas storage is operated at the deposit pressure of 7.5 MPa and
the pressure in the interplug bore Is about 8.0 MPa. Resulls at the said pressu-
res correspond lully with the designed permeability of the massif and they are
monitored both by the operational depariment of the firm Transgas, Plynoprojekt
a.s. (general designer), and SG Geotechnika a.s., and Plynoprojekt performs
comparisons of designed parameters with the model and the reality.

Dimensionless pressure Pd

10 2,0

1,010

1,0

1,010

1,020 4,030 1,040
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Obr. 2/ Fig. 2

Vyhodnoceni VTZ na vrtu J = 15 s tlaky 3 a2 12 MPa metodou lineami aproximace - znazomeéni experimentaing ziskanych dat a priib&hu regresni piimky
Evaluation of WPT concerning the bore J-15 with pressures 3 up to 12 MPa by means of the method of linear approximation - presentation of experimentally obtained data

and of the course of the regress straight line
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REALIZACE ODVZDUSNOVACIHO VRTU
DO PROTIPOVODNOVE STOLY V ZATOPOVE OBLASTI
SVYCARSKEHO LANGENTHALU

IMPLEMENTATION OF THE VENTILATION BOREHOLE
INTO THE DRAINAGE TUNNEL IN AN INNUNDATION AREA
NEAR LANGENTHAL, SWITZERLAND

ING. STANISLAV KUCIK, ING. MIROSLAV JANKU - OKD, DPB PASKOV, A.S.

Autofi popisuji realizaci velkoprimérového vrtu o priméru 1 400 mm, délky
51 m a Uklonu 300%, provadéného z povrchu do odvodnovaci protipovodriové Stoly.

uvoDp

Malebné uzemf v okoli Svycarského Langenthalu, opakované a v nepravidel-
nych éasovych intervalech, bylo postihovano nigivymi zaplavami zpisobenymi
rozvodnénim malé ficky Langete. O tom, co tato ficka dokaZe pod piivaly vétsich
destll nebo nahlého tani snéhu v okolnich horach svédei fada dokumentd a sta-
veb. Také v historii mésta Langenthal je mozno najit stopy o ztéZzovani Zivota
obyvatel povodnémi. Svédkem jsou povodiové kandly, tahnouci se méstem
nékolika ulicemi, zafiznuté pod Uroven terénu (obr. 1).

Z dlouhodobé sledovaného pritoku vody v mnozstvich cca 12 m?s™ v téchto
obdobich stoupal priitok az na extrémnich 90 m*" a zplsoboval povodné se
znaénymi materidlnimi Skodami.

TECHNICKE RESENi PROTIPOVODNOVE OCHRANY

Ojedinglym projekénim fedenim, kieré umoznila konfigurace terénu a navaz-
nost spad(i vodnich tokd, se podafilo zmimit svizele zplsobované povodnémi.

i !

Obr. 1 Povodnovy kanal v Langenthalu
Fig. 1 Anti-flood canal in Langenthal

The authors deal with the implementation of large diameter surface borehole
(1,400mm) with length of 51m and inclination of 300% drilled into the drainage
tunnel.

INTRODUCTION

The picturesque territory near Langenthal, Switzerland, has been inflicted
repeatedly and irregularly with the destructive floods caused by small torrent of
Langete overflowing its banks. There is a number of documents and constructi-
ons demonstrating the power of the torrent after heavy rainfalls or abrupt snow
melting in the surrounding mountains. The history of Langenthal also shows how
the life of people was troubled with the floods. The anti-flood canals cut under the
surface level can be found in several streets of the town (Fig. 1). The normal long-
term monitored flow of water in the torrent of about 12 m’s" increased extreme-
Iy up to 90 m’s* thus imposing floods with considerable tangible damages.

TECHNICAL SOLUTION OF ANTI-FLOODING PROTECTION

The troubles caused by floods have been eliminated by the unique project
which resulted from the surface configuration predetermining the slant of water
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OKD, DPB PASKQV, akciova spole¢nost byla pfi realizaci tohoto unikatni-
ho projektu. Uzemn( situovani protipovodiiové odvodriovac! &toly je znazorné-
no na obr. 2. Propojenim zatopové oblasti u méstecka Madiswil, se vody z Fi¢-
ky Langete dostanou &tolou vyraZenou v hloubce cca 55 m po urovni terénu
do feky Adry, pobliz vodni elektrarny Bannwil. Odvodiiovaci $tola o délce
7 531 m a svétlém prdméru 3,30 m, vyztuzena betonovymi panely byla vyra-
Zena tunelovacim strojem v obdobi dvou let. Vtokova vpust u Madiswilu je
feSena svislou sachtou o prliméru 5,50 m v horni &asti pfechazsjici do trych-
tyfového tvaru o priméru az 20 m. Tato rozsifena vpust je pfekryta betono-
vym poklopem umozfiujici vtok vody po obvodu trychtyfe do $achty pfi zvyse-
né hladiné vody. Pfekrytim limce pokiopu pod hladinu vody je zabranéno vni-
kani plovoucich pfedmétll do vtokové vpusti, ¢imz je pfedchazeno moznému
zaneseni a ucpani achty. Sachtou voda pada do tkz. "toskomory”, na hloub-
kové Urovni odvodiovaci Stoly. Do této komory jsou rovné? situovany dva
odvzdusiiovaci vrty. Vysek projektu vtokové vpusté s odvzdushovacimi vrty
a toskomorou je znazornén na obr. 3. Dale voda pokraduje odvodiovaci §to-
lou az do jiz zmifované feky Adry. Kapacita vyprojektovaného odvodriovaciho
systému je 58 ms™.

streams in the territory. The location of the anti-flood drainage tunnel is shown in
Fig. 2. The potential floods coming from the Langete torrent would be diverted
from inundation area near a small town of Madiswil through the tunnel driven in
depth of about 565 m under surface level to the Aara river near the hydroelectric
power station of Banwil. The drainage tunnel with length of 7,631 m and inner
diameter of 3.3 m supported with concrete panels was driven with tunneling
machine during the period of two years. The drainage inlet near Madiswil was
constructed as the vertical shaft of 5.5 m diameter with funnel-shaped upper part
with diameter up to 20 m. Such an extended inlet was covered with a concrete
lid in order to enable the inflow of water around the funnel into the shaft when the
water level in the torrent would be increased. The inlet was protected against flo-
ating objects and resulting clogging of the shaft. Water drops through the verti-
cal shaft into the so called toschamber at the depth level of the drainage tunnel,
Two ventilation boreholes were situated into the chamber. The detail of the pro-
ject of the drainage inlet with toschamber and ventilation boreholes is shown in
Fig. 3. Further downstream, water was diverted through the drainage tunnel to
the Aara river. The flow rate of the drainage system is 58 mPs’.

IMPLEMENTATION OF THE VENTILATION BOREHOLE

After closing of the contract and mobilization of drilling machine WIRTH HG-

Obr. 2 Uzemni situovani odvod#ovaci $toly
Fig. 2 Map of the territory with the position of the drainage tunnel

st
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REALIZACE ODVZDUSNOVACIHO VRTU

Po technické pripravé, zajiSténi smluvniho vztahu a dopravé vriné soupravy
WIRTH HG - 210 bylo zapogato s viastni realizaci odvzdu&riovaciho vrtu meto-
dou "Raise Boring".

TECHNICKA DATA POUZITE VRTNE SOUPRAVY WIRTH HG 210

délka vrtu: 200 m, 240 m, 370 m, 420 m
pramér vrtu: 240m,2,04m, 1,72 m, 1,40m
pohon: el. hydraulicky
vykon el, motoru: 160 kW
napéti: 500 V
pocet otacek: 0-49 min*
pfitlak: 1900 kN
max. kroutici moment: 100,5 kNm
vriné trubky: primér 210 mm
délka 1,5m
hmotnost 278 kg
rozméry stroje:  délka 5495 mm
Sitka 2 000 mm
vyska 4 375 mm
hmotnost stroje: 18 000 kg

Montaz soupravy na povrchovém stavenisti pobliz vtokové vpusté byla prove-
dena b&hem 3 dnl a tak mohlo probéhnout zaméfeni pilotniho vriu a jeho zavr-
tani pod dklonem 300% smérem do podzemni $toly. V priib&hu 9 smén byl pilot-
ni vit o priméru 250,8 mm a délce 50,88 m odvrtan. Zjisténa odchylka 12 cm
pfedstavuje vynikajici pfesnost, kterd pfepoctena na celkovou délku &ini 0,24 %.
Pronik pilotniho vrtu do toskomory je zachycen na obr. 5.

Presné odvrtani cilového vriu se stalo predpokladem pro dokon&eni vrtu.
Vlastnimu pfipojeni rozéifovaciho dlata (RD) o priméru 1 400 mm pfedchazelo
rozsifeni Useku 8 m primérem 450 mm z prostorovych divodu, kdy uklonénd
osa vrtu neumoziovala pfipojeni RD 1400 mm, Rozsifenim vznikl prostor pro
vychyleni osy vrtnych trubek a tim i moznost priichodu RD 1 400 mm do vrchli-
ku vrtné komory. Rozéifovaci diato 1 400 mm bylo osazeno osmi plnoplo$né osa-
zenymi roubikovymi kotouéi s pfedstupném o praméru 450 mm. S takto sesta-
venym vrtacim nastrojem bylo provedeno rozsifent pilotniho vrtu na koneény pra-
mér v pribéhu 10 smén. Bylo tak dosazeno primérného postupu rozsifovani
5,09 m/sm. Rozpojena hornina v mnoZstvi cca 25 m¥sm byla plynule odtéZova-
na Izicovym nakladacem na housenicovém podvozku. OdtéZovani rubaniny byla
vénovana maximalni pozornost pfi soustavném sledovani hladiny vody v fidce
Langete z divodu zamezeni ohroZeni pracovnikll odtéZeni a splaveni rubaniny
do trasy odvodriovaci Stoly. Z téchto divodil byl objednatelem vybran pro reali-
zaci listopadovy termin s dlouhodobé nizkymi srazkami. Tento pfedpoklad nebyl
potvrzen a nékolikrat v prabéhu vrinych praci byl havarijnim systémem znemoz-
nén vstup do prostoru dolni komory v odvodnovaci §tole.

Pomérné monoténni geologicky profil, bez tektoniky, tvofil téméf po celé dél-
ce jemnozmy aZ stfednézrny piskovec jehoZz pevnost nepfesahla 90 MPa.
Nezpevnéné horniny tvofici povrchovou vrstvu, byly do hloubky 5,70 m odstra-
nény a vznikly prostor vypinén betonem.

Realizace vriu je zdokumentovana na fotografickych snimeich (obr. 5,6,7,8).

Obr. 3 Schéma odvodniovaci vpusté s odvzdusiovacimi vrty
Fig. 3 Scheme of Drainage Inlet with Ventilation Borehole

210 the implementation of the ventilation borehole was started. The borehole
was performed by the Raise Boring method.

Technical Specification of Drilling Machine WIRTH HG-210

Borehole Length: 200m, 240m, 370m, 420m
Borehole Diameter: 2.40m, 2.04m, 1.72m, 1.40m
Drive: electric - hydraulic
Motor Output: 160 kW
Voltage: 500V
Drilling Head Speed: 0-49 min’
Head thrust: 1,900 kN
Max. Torque: 100.5 kNm
Drill Rods:  Diameter: 210 mm
Length: 1.5m
Weigth: 278 kg
Dimensions of Machine:
Length: 5,495 mm
Width: 2,000 mm
Height: 4,375 mm
Weight of Machine: 18,000 kg

Assembly of the drilling machine at the surface construction site was perfor-
med during 3 days. Then the pilot borehole was surveyed and spud with inclina-
tion of 300% into the.underground tunnel. The pilot borehole with diameter of
250.8 mm and length of 50.88 m was finished after 9 shifts. The measured final
deviation of 12 cm represents the outstanding accuracy - in relation to total bore-
hole length the deviation accounts for 0.24%. The penetration of the pilot bore-
hole into the toschamber is taken in Fig. 5.

The accurate implementation of the pilot borehole was necessary for success-
ful reaming of the borehole. In order to get more space for the attachment of the
reaming head 1 400 mm in inclined borehole the 8 m long bottom section of the
borehole was reamed to 450 mm at first. In this way sufficient space was crea-
led for pulling of reaming head 1 400 mm into the spherical cap of the drilling
chamber at underground tunnel. The reaming head was equipped with 8 button
cutters including forgoing cutters 450 mm. With the sequential head assembled
in this manner the borehole was reamed to final diameter during 10 shifts. The
average advance of reaming was 5.09 m per shift. The muck in amount of 25 m°
per shift was continuously removed by means of a shovel loader with caterpillar
undercarriage.

The maximum attention was devoted to the removal of muck while perma-
nently monitoring the water level in Langete torrent in order not to jeopardize the
workers removing muck and to prevent flowing and deposition of muck farther in
the drainage tunnel. For these reasons the customer chose for drilling works
a period in November characterized in records with low rainfalls. But the assump-
tion was not correct and, several times during the drilling work, the exit to the
chamber in drainage tunnel was blocked by the emergency system.

The geological setup was relatively monotonous and without tectonics. It was
formed by fine grained to medium grained sandstones along the whole borehole
length, with uniaxial compression strength not exceeding 90 MPa. The unconso-
lidated rocks in upper part of the borehole up to depth of 5.7 m were removed
and the created space was filled with concrete.

Obr. 5 Pronik pilotniho vrtu
Fig. 5 Penetration of the Pilot Borehole
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ZAVER

Usp&snym provedenim velkpramérového vrtu, ktery byl pfedan pred smiuv-
nim terminem objednateli firmé WITSCHI AG, Langenthal, nase akciova spoleé-
nost OKD, DPB PASKOQV, navazala na prace obdobného charakteru, provadéné
na podzemnich stavbach v tuzemsku i zahranici.

Pro Uplnost uvadime dalsi zahraniéni zakazky nedévné doby, jako napfiklad
v Némecku realizované pfedvrty svislych vétracich $achet obchvatovych silnié-
nich tunell "Saukopf" u Weinheimu, "Sommerberg" pobliz Hausachu a v Recku
jsme technologickym pfedvrtem o priméru 1 720 mm, délky 157 m umoznili

Obr. 4 Vrina souprava WIRTH HG 210
Fig. 4 WIRTH HG-210 Drilling Rig

Obr. 6 Situovani vrtu - Madiswil
Fig. 6 Borehole Location at Madiswil

The implementation of the ventilation borehole is documented in photographs
-see Fig. 5,6, 7, 8.

CONCLUSION

The large diameter ventilation borehole was successfully finished before the
contractual term and transferred to the customer - WITSCHI AG based in
Langenthal, Switzerland. Our company - OKD, DPB Paskov, Inc. has added the-
se drilling works to the similar ones realized previously in underground construc-
tions both in the Czech Republic and abroad.
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For review, we list our further orders conceming large diameter drilling abroad
realized few years ago:
- pre-boring of vertical ventilation boreholes for the by-pass road tunnels
"Saukopf" near Weinheim and "Sommerberg" near Hausach, Germany,
- technological pre-boring with diameter 1,720 mm and length 157 m for driving

razbu podzemniho vodniho pfivadéée o Uklonu 52° na stavbé hydroelektrarny
Messochora.

Zavérem je moZno konstatovat, 7e metoda vrtani velkoprimérovych vitu
"Raise Boring", kterou pouzivame v nasich uhelnych dolech nasla dalsi vyuziti

a to pfi realizaci unikatni podzemni stavby, fesici odvodnéni zatopové oblasti. ! [
of underground headrace tunnel with inclination -52degrees at hydroelectric
power station Messochora, Greece.

Concluding we can state that the "Raise Boring" method, used for the imple-
mentation of large diameter drilling in the Czech underground coal mines, was
uniquely applied also for underground construction, solving the drainage of an
inundation area in Switzerland.

cpd *

Obr. 7 Dovrtavani RD 1400 mm
Fig. 7 Reaming up to 1,400 mm
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Obr. 8 Pohled na stavenisté
Fig. 8 View of Working Site
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STARA DULNI DILA V OSTRAVSKEM REGIONU A PLYN

GAS AND OLD WORKINGS IN THE OSTRAVA REGION

ING. PETR NOVACEK - OKD, DPB PASKOV, A.S.

1. UVOD

V ostravsko-karvinském reviru se ¢emé uhli dobyva déle ne# dvé sté let.
V roce 1991 byl na zakladé usnesenl viady Ceské republiky zahajen dtlum téz-
by na ostravskych dolech, v prvni etapé na diléich lokalitach dolli Sverma,
Oslrava a Odra, nasledné se pristoupilo k likvidaci celych diiinich podnikii ostrav-
skeé dili panve (ODP). 8 vyjimkou lokality Vodni jamy Jeremenko neexistuje ve
druhé poloviné roku 1998 na Ostravsku zadna nezasypana jama. Organizacnim
sjednocenim byvalych ostravskych dolti do jednoho celku - Dolu Odra - vznikia
nastupnicka organizace, ktera dostala do vinku integrovany dobyvaci prostor
o rozloze 111 km®.

Cerpani duinich vod na likvidovanych dolech bylo ukonéeno k 30. 6. 1997
s tim, ze po dobu dobyvani uhll v karvinské Gasti reviru bude hladina dinich vod
udrzovana cerpanim v lokalité Jeremenko na Grovni 600 m pod povrchem.
Divodem tohoto naroéného fedeni, a to jak po strance technické, tak i ekono-
micke, je zabranénl pretékani diinich vod do dobyvacich prostord petivaldske
a karvinské dilél panve. Ponechanim nezatopeného prostoru o kubatufe kolem
50 - 100 mil. m" se zkomplikovala situace nejen v problematice feseni vystupu
dilnich plyni z uzavienych doll, ale i se zajistovanim stability dfive zlikvidova-
nych jam,

Ostravské doly se vzdy vyznacovaly vyraznou plynodajnosti a byly z hlediska
banskych bezpeénostnich pfedpist zafazeny do kategorie doli s nejvétsim
nebezpedim vyskytu metanu. Plynodajnost metanu je sledovana vice nez 100 let
a svého maxima dosahla v éedesall}'mh létech, kdy briy dosahovény na
Ostravsku nejvy$si tézby. V té dobé presahovala dennf p gmodajnost hodnotu
500 tis. m* CH, a plyn byl z doll odvadén vétranim (pfed zahajenim Gtlumu v roce
1990 bylo v provozu 17 vydusnych jam) a diinl degazaci. Plynodajnost se dnes,
po likvidaci takfka vSech jam ustélila na hodnoté 80 tis. m? CH, za den. Na zakla-
dé pribéhu vyse plynodajnosli v uplynulych letech a s vyuzitim zahranicnich zku-
Senosti Ize vyslovit prognozu, Ze plyn se bude z dilnich prostor na Ostravsku
uvolfiovat fadu let,

2. MOZNOSTI VYSTUPU PLYNU Z UZAVRENYCH DOLU

Na Ostravsku, pfedevsim pak v oblasti Slezské Ostravy, ale i vrichu Landek,
byly vydobyty sloje nachézejici se v malych hloubkach (nékdy jen 20 m) pod
povrchem. Dobyvani uhli vSak dosahlo i hloubek kolem 1200 m pod povrchem.
£ mapy plynovych cest podzemi ostravské diléi panve, klerou zpracovala speci-
alizovana organizace OKD, DPB PASKOV, akciova spolednost v roce 1994,
vyplynula existence souvislé sité plynovych cest v podzemi Ostravy. AZ disled-
ky intenzivniho zatapéni oderskych jam pii povadnich v éervenci 1997 naznadily
urcité hydraulické oddéleni tzv. oderského bazénu od bazénu ostravského. Z hle-
diska proudeéni plynli v podzemi hraje znaénou roli az tisici metrovy rozdil hlou-
bek ve stafinach.

Vysledky prizkumu pii realizaci sité odplyRovacich vrtdi ukazaly, Ze slozen
stafinné atmosféry je velmi riiznorodé, zejména podie mistnich podminek.
Koncentrace metanu se pohybuje od 1 do 85%, vyznamny je i podil oxidu uhliéi-
tého (do 15 %). Ze se jedna o stafinnou atmosféru dosvédéuje fakt, Ze v podze-
mi v mistech bez ovlivnéni zménami barometrického tlaku se prakticky nena-
chazi kyslik.

Atmosféra zjistovana v neovlivnéném dhinim groslfedi nema kyslik, nevybu-
chuje ani nehori. Nebezpecnou se stava pfedevsim pfi smichani se vzduchem.

Podzemni prostory, ve klerych se starinna atmosféra nachazi, jsou spojeny
s povrchem hilavnimi dlinimi dily - jamami a Stolami. Kazdé toto dio, pokud ma
navaznost na dulni proslory, je kemunikaei pro diini plyny a ohroZuje bezpednost
obyvatel. Vyznamnou roli v ovliviiovani intenzity wstupu plyni z podzemi na
povreh hraji zmény barometrického tlaku, zejmena ty vyrazné. Na obr. . 1 je
schematicky znazornén vliv zmén barometrického tlaku na chovani stafinnych
prostorti. Pri setrvalém stavu barometrického tlaku vzdusiny jamami v podstaté
neproudi a ptsobent je pouze difuzni. Pfi naristu barometrického tlaku se vyrov-
nava tlak vzdugin v podzemi tak, Ze vzduch pfes dulni dila proudi do dolu a napl-
fuje tak urcity objem stafin kyslikem, naopak pfi poklesu barometrického tlaku je
déj opacny a z dolu vystupuje do povrchové atmosféry diini plyn. Z tohoto sché-
malu vyplyva, Ze z podzem| starymi dainfmi dily vystupuje jiz 'smés obohacena
kyslikem, tedy vybusna nebo hoflava. Zkusenosti z méfeni provadénych na
vrtech &i sanovanych jamach ukazuji, ze sviij vliv ma ,generain" drover baro-
metrického tlaku - dlouhodoba hodnota bud' vysoka nebo nizka.

Mé&feni uskutecnénd v ramei prizkumu metanu v pidnim vzduchu (metan
screeningu) v posledni dobé ukazuji, Ze obdobné se ziejmé chova i plyn v pud-
nim vzduch ve specifickych podminkach na Slezské Ostravé, kde Ize predpokla-
dat v pokryvném Gtvaru znacny podil haldoviny z historické hornické ginnosti, pii-
padne jinych navazek. Ve vztahu ke starym dilim, pfedeviim jamam to ma za

1. INTRODUCTION

In the Ostrava-Karvind district, black coal has been mined for more than two
hundred years. In the year 1991, a damping of mining in Ostrava mines was star-
ted on the basis of the resolution of the government of the Czech Republic, viz.
in the first stage on partial localities of the mines Sverma, Ostrava and Odra, then
there were liquidated whole mining enterprises of the Ostrava Sub-Basin (OSB).
Except the locality of the Jeremenko Water Pit, there does not exist, in the
second half of the year 1998,any back filled pit in the Ostrava region. By joining
former Ostrava mines in one unit, viz. the mine Odra, there arose a successive
organization which received the integrated mining space having the area of 111
5q.km.

Pumping of mine water in liquidated mines was stopped on June 30, 1997,
under the condition that during the coal mining in the Karvind part of the district,
the mine water level shall be kept by pumping in the Jeremenko localily at the
600 m level under the ground. The reason of the said exacling solution, viz. both
from the lechnical point of view and economic one, is fo protect mine water from
flowing into mining spaces of the partial basin of Petivald and Karvind. By lea-
ving an unflooded space of the volume of about 50 to 100 mil. cub.m, there was
complicated not only the situation concerning the escape of firedamp from clo-
sed mines, but also the situation with securing the stability of formerly liquidated
pits.

Ostrava mines were always characterized by a considerable gas bearing cha-
racter, and they were classified, with respect to mine safely regulations, in the
category of mines with the highest danger of methane occurence. The methane
bearing character has been watched for more than 100 years, and its maximum
was achieved in the sixties, when in the Ostrava district the maximum outputs
were achieved. At that time, the daily gas bearing capacity crossed the value of
500 000 cub.m of CH,, and gas was taken out of mines by ventilation (before
starting the damping in the year 1990, there were in operation 17 exhaust pits)
and by removing gas from mines. The gas bearing capacily is stabilized now,
after nearly all pits have been liquidated, on the value of 80 000 cub.m of CH,
per aay. On the basis of the course of the gas bearing value in passed years, and
with utilizing foreign experience, one can make a prognosis, that gas will conti-
nue in being relieved from mining spaces of Ostrava region for many years.

2. POSSIBILITIES OF GAS ESCAPE FROM CLOSED MINES

In Ostrava region, especially in the Slezskd Ostrava region, but also in the
area of the hill Landek, there were extracted seams taking place in small depths
(sometimes 20 m only) under the ground. The coal mining, though, achieved
even depths about 1200 m under the ground. From the map of gas routes of the
underground sub-basin which was elaborated by the specialized enterprise -
OKD, DPB PASKOV, joint-stock company, in the year 1994, it is evident that the-
re exists a coherent network of gas routes in the underground of Ostrava.
Consequences of the intensive flooding of Ocra pits during floods in July 1997
showed certain hydraulic separation of the so called Odra basin from the Ostrava
basin. With respect of gas streaming in the underground, there has a conside-
rable importance the difference up to thousand metres of depths in worked out
spaces.

Results of the survey performed at the realization of the network of degassing
bore holes showed that the atmosphere composition of worked out areas is very
variable with respect to local conditions. The methane concentration fluctuates
from I io 85 %, the share of carbon dioxide (less than 15 %) is also important. It
concerns the almosphere of old workings, which is proved by the fact, that in the
underground, in places not affected by changes of barometric pressure, there
exists in fact no oxygen.

The atmosphere found out in a mine environment not affected by o%er influ-
ences has no oxygen. It is not explosive and it does not burn. It becofes dan-
gerous particularly if it is mixed with air,

Underground spaces, where the almosphere of warked out areas lakes place,
are connected to the ground through main mine workings - pits and galleries.
Each of the said workings, if it is connected to mine spaces, is the way for fire-
damp and it endangers the safety of inhabitants. A great importance in affecting
the escape intensily of gasses to the ground have changes of the barometric
pressure, particularly the significant ones. On Figure 1 there is shown in a dia-
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nasledek napf. zjisténi, Ze metanu je v pldé vice ve vzdalendj$im okoli nez
v télese vlastni jamy, obzvIasté tehdy, je-li plynopropustny zasyp jamy pfikryt pro
plyny nepropustnou vrstvou, napfiklad betonovym ohlubfiovym povalem. Metan
pak mlZe v horizontalnim sméru migrovat i desitky metrd a z bodového zdroje
nekontrolovatelného vystupu metanu se pak stava zdroj plosny.

3. JAMY A STOLY V OSTRAVSKE DILCi PANVI

Na Ostravsku se podle soucasnych poznatkl nachazi 378 hlavnich diinich
dél, z toho je 316 jam a 62 Stol. Tak velky podet komunikaci pro plyny nelze fesit
plosné, proto bylo nulno jiz na zaatku systematického feSeni problematiky
vystupu plyni stanovit urité priority, a to z divodu, Ze sanace starych jam byla
jednou z podminek, které stanovil Obvodni bansky (fad v Ostravé pro povoleni
zatapéni likvidovanych doli. Obecné plati, ze jamy zlikvidované pfed zahajenim
tlumu ostravskych doli, tedy pred rokem 1991 jsou z dnesniho pohledu a poza-
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Obr. 1

Vliv barometrického tlaku na pohyb dilinich plynd v jameé
Influence of barometric pressure upon movements

of firedamp in the shaft and in the underground

grammatic way the influence of changes of the barometric pressure upon the
behaviour of worked out spaces. At a constant barometric pressure, air does not
stream in fact through pits, and the affect is of a diffusion character only. If the
barometric pressure increases, the air pressure in the underground becomes
equal in such a way, that air streams through mine workings into the mine and
fills a certain volume of worked out spaces with oxygen. Vice versa, if the baro-
metric pressure decreases, mine gas escapes into the open atmosphere. From
this fact it is evident that from the underground through old workings there esca-
pes a mixture, enriched with oxygen, and that is why it is explosive and infla-
mable. Experience gained during measurements performed on bores or rehabi-
litated pits shows that the “general” level of the barometric pressure - a long-term
value, either high or, in contrary, low, has its influence,

Measurements performed within the methane survey in the soil atmosphere
(screening methane), at the last time, show that even gas in the soil atmosphe-
re, under specific conditions, is of the same behaviour in Slezské Ostrava, whe-
re there may be assumed in the overburden a considerable share of pit heap
material from the historical mining activity, eventually from other man-made fills.
With respect to old workings, especially pits, it results e.g. in the finding out that
in the soil, being more distant, more methane takes place than in the body of the
proper pit, particularly, if the gas permeable back fill of the pit is covered with a
gastight layer, e.g with a concrete deck. Methane can then migrate in a horizon-
ial direction even tens of meters and the point source of an uncontrolled metha-
ne escape is changed into a planary source.

3. PITS AND GALLERIES IN THE OSTRAVA SUB-BASIN

According to the present knowledge, in the Ostrava region there takes place
378 main workings, 316 of which are pits and 62 galleries. Such a big number of
routes for gasses

cannot be solved generally, and that is why it was necessary to determine, at
the beginning of a systematic solution of gas escape, centain priorities, viz. due
to the fact that the rehabilitation of old pits was one of the preconditions for issu-
ing a permission by the District Mining Office in Ostrava for flooding liquidated
mines. Generally it is valid that pits liquidated before the start of damping Ostrava
mines, i.e. before the year 1991, have been liquidated insufficiently, with respect
to the present view and requirements. In spite of the fact that during back filling
of pits from the year 1991, there was gained experience, and opinions concerning
a correct technological process were developing, the difference in the kind of
ensuring the security may be considered as very significant.

Pits liquidated before the year 1990 have been divided in two categories with
respect to the danger of gas escape:

- pits with increased or directly threatening danger (there are 55 of such pits),
- other pits.

The linking up to the workings, the kind and condition of the pit support, the
kind of the back fill (if it was successfully discovered), location in the built-up
area, and the like, represented the main criterions for the said categories.

All the said pits have been included in catalogues, where all available infor-
mation, including photographic documentation are mentioned. To ensure the
documentation concerning pit was not easy, particularly because of the fact that
many pits arose and became extinct in the last century. One of the problems in
determining the real place of the pit also resided in the fact that co-ordinate net-
works were changed, so that in many cases it was important to verify the pit posi-
tion by means of exploration drilling or by removing upper layers of soil.

It must be mentioned that before starting the systematic liquidation of Ostrava
mines, there was paid an insufficient attention to the location of surface buildings
near the old workings, and that is why there exist many rarities, such as:

- existence of a pit in cellar spaces of a tenement house or in the washing room

of an industrial enterprise (Figure 2),

- apitin a hothouse or in an auxiliary building of a family house (Figure 3),
- direct proximity of a pit to the entry of a public building, such as a theatre,

bank, and the like (Fiures 4 and 7,)

- pits in the middle of a roadway or railway track, and others.

Galleries, as underground horizontally sloped workings, exist in the Ostrava
region particularly on places where the Carboniferous coal measures are situa-
ted near the ground and in a hilly country. Specific properties are characteristic
for an old horizontal working - Jaklovec hereditary gallery, more than 3000 m
long, passing under Slezské Ostrava, often in the depth smaller than 50 m. This
working, used for mining, ventilation and draining of mine waler during the
second half of the 19th century, interconnects worked out areas and old workings
in galleries situated not too deep under the ground, and it serves as an important
gas route.

4. OLD WORKINGS

In connection with permissions to flood liquidated Ostrava mines, the State
Mining Administration laid down the duty to rehabilitate, first of all, 55 pits where
an increased danger exists. With respect to the knowledge gained within the
years when problems of the gas escape were solved, it can be stated, that near-
ly all old pits and galleries must be rehabilitated, of course in a reasonable extent.
It is, of course, a long-term issue requiring considerable financial costs. As
balances of hitherto performed rehabilitation works showed, total costs for reha-
bilitation of pits and galleries would represent at least millions of CZK. The finan-
cial covering of such an exacting action required more detailed opinions as to the
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davk( stévajicich predpist zlikvidovany nedostateéné. | kdyZ pii zasypavani jam
od roku 1991 byly ziskavany zkuSenosti a nazory na spravny technologicky
postup se vyvijely, lze povazovat rozdil ve zplisobu zajisténi za velmi vyrazny.

Z hlediska nebezpedi vystupu plyni byly jamy zlikvidované do roku 1990 roz-
déleny na dvé kategorie:

- jamy se zvySenym nebo bezprostiednim nebezpecim (takovych jam je 55),
- Jamy ostatni. '

Hlavnimi kriterii kategorizace byla ndvaznost na duini dila, druh a stav vyztu-
Ze jamy, zplisob zasypu (pokud se podafil zjistit), umisténi v zastavbé a dalsf.

Vsechny jamy byly zaclenény do katalogu, kde jsou uvedeny vSechny dostup-
né informace, véetne fotodokumentace. Zajistovani dokladd k jamam nebylo jed-
noduchou zaleZitostl, zejména proto, Ze velky pocet jam vznikl, ale | zanikl
v minulém stoleti. U uréovani skute¢ného mista jamy byly jednim z problémd
zmény soufadnicovych siti, takze v fadé pfipadd bylo nutno polohu jamy ovéro-
val vrinym prizkumem &i skryvkou vrchnich vrstev zeminy.

Je nuino uvést, ze do doby zahajeni systematicke likvidace ostravskych doll
nebyla umistovani povrchovych staveb v blizkosti starych dlnich dél vénovana
potiebna pozornost a tak neni nouze o rarity, jako jsou napi.:

- existence jamy ve sklepnich prostorach cinzovniho domu éi v koupelné pri-

mystového cb[k ktu (obr. €. 2).

- jama ve skleniku nebo hospodarske budové u rodinného domku (obr. &. 3),

- bezprosliedni blizkos! jamy u vstupu do vefejné budovy, napi. divadia, banky
apod. (obr. £.4a7),

- jamy uprosfed vozovky nebo drazniho télesa a dalsi.

Stoly, jako horizontalni Uklonna dila existuji na Ostravsku ptedevsim tam, kde
se uhlonosné karbonské souvrstvi nachazi v blizkosti povrchu a v kopcovitém
terénu. Specifické vlastnosti ma dominantni staré horizontalni dilo, Jaklovecka
dédicna $tola dlouha vice nez 3000 m prochazejici pod Slezskou Ostravou ¢as-
to v hloubce mensi nez 50 m. Toto diini dilo vyuzivané k t@zbé, vélrani a odva-
déni diinfch vod ve druhé poloving 19. stoleti, propojuje stafiny a ddini dila ve
slojich v malych hloubkéch pod povrchem a je dilezitou plynovou kemunikaci.

4. STARA DULNI DiLA

V souvislosti s povolenim zatapéni zlikvidovanych ostravskych doll stanovila
Statni banska sprava povinnost sanovat predevsim 55 jam se zvySenym hebez-
pecim. S ohledem na poznatky ziskané v letech fedeni problematiky vystupu ply-
ni Ize konstatovat, Ze sanovany, samozfejmé v odpovidajic mife, musi byt tax
ika vSechny staré jamy a Stoly. To je ovsem otdzka diouhé doby a znadnych
finanénich nakladl. Jak ukazaly bilance dosud provedenych sanadnich praci,
budou se celkové naklady na sanaci Lam. 5tol pohybovat nejméné na Grovni mili-
onl korun. Finanéni zabezpeceni tak narotné akce vyvolalo upfesnéni nézori
na ¢lenéni jam a Stol, a to na zakladé Hormiho zakona, kde je uplatiiovan pojem
(staré dilini dilo".

Ve smyslu § 35 Zakona €. 44/Sb (Horni zakon) je za staré diini dilo povazo-
vano daini dilo v podzemi, které je opusténo a jehoz piivodni provozovani ani
jeho prévni nastupce neexistuje nebo neni znam.

Z tohoto pohledu, ze mezni dobu pro stanoveni, zda se jedna o staré ddini dilo
¢i nikoliv, bylo stanoveno datum 1. 1. 1946, které souvisi se znarodnénim dol(.
Stara dlinf dila jsou pak ta, ktera byla zlikvidovéna ped timto datem a tim neby-
la predmétem pfedani od byvalych provozovatell. Do souberu starych dilnich
dél bylo tak zafazeno 245 ze 316 Jam a véech 62 Stol. Zjitovani téchto jam a 3tol
zabezpecuje dle odst. 2 a 4 § 35 Homiho zakona Ministerstvo Zivolniho prostre-
di Ceskeé republiky a takléZ pomoci povéiend organizace - GEOFONDU - vede
jejich registr. Z citovaného zakona pro zminéné ministerstvo plyne i povinnost
zajisténi nebo likvidace starych dulnich dél, pokud tato dila ohrozuji zakonem
chranény zajem, a to v nezbyiné nutném rozsahu. Postup pii feseni této proble-
matiky je stanoven ve Vyhlasce MZP CR é. 363/1992 Sb. Pro OKD, a.s., by pak
podle zakona vyplyvala ve vztahu ke starym dilnim dilim pouze ohlaSovaci
povinnost. Je vSak tfeba uvést, Ze ne vsechnr zainteresovane organizace taklo
Jednoznacné problematiku starych dllinich dél chapou a posuzuji.

Obr. 2: Jama JIRI, vétmi
Fig. 2: JIRI pit, ventilation

classification of the pits and galleries, viz. with respect to the Mining Act, where
the term: “old working” has been applied.

In the tenor of Section 35 of the Act No. 44/1988 Coll. (Mining Act) there is
considered as an old working an underground working which has been abando-
ned, and neither the original user of it, nor its legal successor exists or is known.

From this point of view, the date of January 1, 1946, which corresponds with
the nationalization of mines, was laid down as the last date for determining whet-
her it concerns an old working or not. So, old workings are those ones which
were liquidated before the said date, and that is why they were not handed over
by previous users. In the category of old workings there were comprised 245 of
316 pits, and all 62 galleries. The safety of the said pits and galleries is to be
ensured according to the Section 35 par. 2 and 4 of the Mining Act by the
Department for Environmental Protection of the Czech Republic, and also by an
authorized instifution - GEOFOND which keeps the register of the mentioned pits
and galleries. The cited Act lays down even the duty for said Department, viz. to
ensure the safety of old workings or to liquidate them, if said workings endanger
an interest protected by the law, viz. in the necessary extent. The process of sol-
ving said problems has been laid down by the Decree of the Ministry for
Environmental Protection of the Czech Republic No. 363/1992 Coll. OKD, a.s.,
according to the Act, with respect to old workings, should have only the announ-
cig obligation. It is necessary to note, though, that not all interested institutions
understand and judged problems of old workings unambigously in such a way.

5. ENSURING AND SUPPORT OF OLD PITS

In the Ostrava sub-basin, over the Carboniferous coal measures, there takes
place a cover formation of various thickness and - with respect to the gas per-
meability - of various quality. On some places, the Carboniferous measures go
up to the ground level and form the so called Carboniferous window. The consi-
derable attention was paid to the determination of places, where gas can esca-
pe through soil up to the ground, and from this point of view, the ODP area was
subjected to a consistent classification. The overburden being more than 50 m
thick, with respect to foreign experience and after a discussion with experts, is
considered as impermeable for gasses, with no respect to the composition of the
cover formation. The isoline of the cover thickness of 50 m separated a relative-
ly large area of cover thickness from 0 to 50 m. For a detailed solution of gas
escapes, particularly with respect to the methane content in soil and to the pre-
sent and assumed construction, the classification was more specified, and are-
as with the cover thickness less than 50 m were further classified, first of all with
respect to Miocene clays and saturation of quarternary layers, and then with res-
pect to the mining situation, i.e. positions of worked out areas near the ground.

There arose, altogether, three categories of lands with respect to a possible
methane escape from closed mines:

- dangerous lands due lo gas escapes
- lands endangered by gas escapes
- lands without any danger

Into the category “dangerous lands due to gas escapes” there are included,
with respect to their character, even localities of all pits and galleries according
to the existence of underground workings which link up to them.

Two following problems are solved by ensuring the safety of old pits which
were back filled formerly:

- the stability at a future flooding of a part of the back filled pit shaft,
- how to prevent gas from uncontrolled escape out of an old pit or in its vicinity.

A part of prospecting works resides in finding out methane content in the soil
atmosphere (methane screening) in the pit locality, viz. in two stages:

- before starting the work
- about two months after completing the work with the aim to verify the effecti-
vity of taking away gasses from the underground.

LR L

Obr. 3: Jama ANSELM Il
Fig. 3: ANSELM Ilf pit
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ZAJISTOVAN| STARYCH JAM

V ostravské diléi panvi se nad uhlonosnym karbonem nachazi pokryvny tvar
v riizné mocnosti a z hlediska plynopropustnosti v rizné kvalité. Mistné vystupu-
je karbonské souvrslvi aZ na povrch a vylvafi tzv. karbonské okno. Stanoveni
mist, kde mize daini plyn vystupovat pies zeminu az na povrch byla vénovana
velka pozornosl a z tohoto pohledu bylo (zemi ODP podrobeno dlsledné kate-
gorizaci. Mocnost pokryvu vétsi nez 50 m se na zakladé zkugenosti v zahraniél
a Eo diskusi s odborniky povazuje za nepropustnost pro plyny bez ohledu na to,
jakeho sloZeni pokryvny (tvar je. lzoline mocnosti 50 m pokryvu pak vyélenila
pomérné velké Gzemi s mocnosti pokryvu 0 - 50 m. Pro detailni feseni vystupu
plynti, zejména ve vazbé na obsah metanu v piidé a soucasnou i uvaZovanou
vystavbu byla kategorizace dale upfesnéna a izemi s mocnosti pokryvu mensi
nez 50 m bg;lo dale ¢lenéno, nejdiive podle mocnosti miocennich jili a zvodnéni
kvartéru, nasledné podle diinf situace, 1j. situovani stafin v blizkosti povrchu.
Vznikly celkem tii kategorie tzemi ve vztahu k moznému vystupu metanu z uza-
vienych doli;

- Uzemi nebezpedéné vystupy plynu,
- Uzemi ohroZené vystupy plynu,
- Uzemi bez nebezpedi.

Do kategorie ,nebezpecné vystupy plynu” jsou s ohledem na sv(j charakter
zafazeny i lokality vSech jam a $tol v rozsahu podle existence podpovrchovych
dél, které na né navazuiji.

Zajistovani starych jam, které byly dfive zasypany, fesi dva problémy:

- stabilitu pfi budoucim zatopenf ¢asti zasypaného jamového stvolu,

- zamezeni nekontrolovatelnému vystupu plynu ze staré jamy nebo v nejblizsim
okoli.

Soucasti zajistovacich praci je prizkum obsahu metanu v pldnim ovzdusf

(metan screening) v lokalité jamy, a to ve dvou etapach:

- pred zahdjenim praci,

- Jamy zhruba 2 mésice po ukondeni praci s cllem ovéfeni Ucinnosti odvadéni
plynu z podzemi.

Pro zajisténi kazdé jamy je zpracovan provadéci projekt, vlastni zajiténi jamy
mg charakter hornicke ¢innosti a je projednano s Obvodnim bariskym Gfadem
v Ostravé.

5.1 Princip zajistovani starych jam

Jamy uréené k zajisténi v prvni etapé, je jich 55, majl nékleré podminky
podobne, ne-li stejné, jiné, zejména ve vazbe napf. na okolni zastavbu podstat-
né odlisne. Lze konstatovat, Ze véem jamém je spolecna nedostateéna likvidace
(zasypem) jamoveho stvolu, ale také dél pod povrchem, kterd na jamu navazuil.
Kanaly hlavnich ventitatort, riizné Stoly slouzici napfiklad k odvadéni vody, ale
i protiletecké kryty byvaji komunikacemi pro plyny zejména proto, ze nebyvaji
zaplnény zasypem a nezfidka Usli do budov umisténych v blizkosti viastni jamy.
Rovnéz skutecné situovani jamy je spolednym problémem. Vyhledavani Gsli
jamy nenf jednoduché, prologe za dobu od likvidace jamy, nékdy v minulém sto-
leti se az ffikrat zménila soufadnicova sit, takze se predpoklad od skuteénosti
nékdy li&i i 0 15 m. Proto je pro uréeni viastniho jamového stvolu nutno realizo-
vat geofyzikaini, ale i vrtny prizkum, v jinych pripadech odpovéd da az skryli
zeminy pod Urover podpovrchovych dél.

Rozdilnost podminek vyplyvéa predevsim z umisténi jamy v souéasné zéstav-
bé. Jinak je feSena, zejmena z hlediska stability, jama Salamoun v podchodech
v oblasti Frydlantskych mosid, jinak jdma Karolina 1&Zni na tzemi uréeném
k dekontaminaci po likvidované keksovné.

Pomineme-li zcela specifické piipady, napiiklad vyse uvedené, Ize fici, ze pro-
jekly zajisténi vétsiny jam maji charakter typového projekiu. V lokalité jamy j nut-
no pomoci geofyzikalniho a vrineho prizkumu uréit obrysy jamy a dél, které na
ni v podzemi navazuji. Po skrytf vrchni vrstvy zemin La vybudovan betonovy
uzaviracl poval se zaklady pod zamrznou hloubkou. Zaklady obebinaji pavodni

puadorys jamy, pfitemz takto uzavieny prostor pod povalem je vypinén hrubozrn-
nou struskou pro priichod plynu. V betonovém povalu jsou kominky pro odvade-
ni plynu, jeden asti do plynopropustné struskove vrstvy, druhy nad trenazni vrt,

= gy
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Obr. 4: Jama ANTONTN
Fig. 4: ANTONIN pit

A working design was elaborated for ensuring safety of each pit. The safety
ensuring proper has the character of a mining activity and has been discussed
with the District Mining Office in Ostrava.

5.1. Principle for ensuring safety of old pits

Pits determined for their safety to be enstred within the first stage - their num-
ber is 55 - have some conditions which are analogous, sometimes identical, but
other ones, particularly as to their linking up to the housing, are considerably dif-
ferent. It can be stated that all pits are commonly characterized by insufficient
liquidation (by means of a back fill) of the pit shafl, but the same is also valid for
underground workings which link up to the pit. Channels of main fans, various
corridors serving e.g. for drainage water, but also air-raid shelters, used to be
routes for gasses, especially due to the fact that they did not use to be back fil-
led and many times they enter into buildings located in the proximity of the pit
proper. The real location of the pit is also a common problem. To seek the pit
mouth is not easy, because during the period of the pit liquidation, sometime in
the last century, the coordinate network was changed up to three times, so that
the assumption differs from the reality even by 15 m. That is why it is necessa-
ry, for determining the proper pit shaft, to perform not only the geophysical sur-
vey, but even the boring one. In other cases, the answer can be obtained only
after removing soil under the level of underground workings.

Different conditions result particularly from the pit location in the present built-
up area. In another way there is solved, especially from the stability point of view,
the Salamoun pit in underpasses in the area of Frydiant bridges, and in another
way the Karolina mining pit in the area determined for decontamination after a
liquidated coking plant.

If we omit specific cases, e.g. the above mentioned ones, it may be stated,
that the designs for securing safety of most pits have a character of a standardi-
zed design. In the locality of the pit there is necessary, by means of a geophysi-
cal and boring survey, to determine outlines and workings which link up to it in
the underground. After the upper soil layer has been removed, a closing piatform
is concreted, with foundations under the depth of freezing. The foundations go
round the original ground-plan of the pit, and the space closed in such a way is
filled under the platform with coarse grained siag for a gas passage. In the conc-
rete platform there are made chimneys for escaping gas. One of them is mout-
hed into a gas permeable slag layer, the other one over the draining bore, the
effective depth of which shall at least reach the Carboniferous layer. In the plat-
form, there is also made a hole for the possibility to perform an additional back
fill of the pit, if the back fill is settled or compressed by driving. The arrangement
is mentioned in the diagram of Figure 5. The underground workings, linking up
to the pit, are filled with an ash-cement mixture through bore holes from the
ground level (Figure 6).

5.2. Methane screening in localities of the pits

The research of methane in the soil atmosphere (methane screening), reali-
zed in localities of individual pits before starting works on ensuring the protecti-
on, proved methane in the solil, viz. in concentrations from ppm (0.0001 per cent)
up to decades per cent. For measuring methane concentrations there were app-
lied devices ECOPROBE 3.0. and CATEX+. The device ECOPROBE 3.0. mea-
sures the summary volume of organic substances in the soil atmosphere in the
extent of 1 ppm - 4 %. If it is possible to eliminate crude oil substances in the
measured environ, then the measured information indicates the methane con-
centration. The device CATEX+ measures methane up to 100 % and it is appli-
ed especially for finding out concentrations crossing the extent of ECOPROBE
3.0. The measuring of the methane concentration is carried out in depth levels of
1.1 m and 3.0 m in a regular network of knocked-out holes. The measured valu-

R Wl i

Obr. 5: Jama KAROLINA, vétmi
Fig. 5: KAROLINA pit, ventilation
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ktery by mél mit iéinnou hloubku alespon po Grover karbonu. V povalu je dale
umistén otvor pro moznost dodateéného dosypani jamy pii slehnuti nebo ujeti
zasypu. Uspofadani je uvedeno na schématu na obr. ¢. 5. Podpovrchova dila
navazujici na jamu jsou zaplhovana popilkocementovou smési pomoci vrtl
z povrchu (obr. €. 6).

5.2. Metan screening v lokalitach jam

Prizkum metanu v pldnim ovzdusi (metan screening) realizovany v lokalitach
jednotlivych jam pfed zajiStovacimi pracemi prokazal v ptidé metan v koncentra-
cich od ppm (desetisiciny procenta) az po desitky procent. Pro méfeni koncent-
raci metanu byly pouzily pfistroje ECOPROBE 3.0 a CATEX+. Pfistroj
ECOPROBE 3.0 méfi sumu organickych latek v pldnim ovzdusi v rozsahu
1 ppm - 4 %. Pokud se daji vglouéit v méfeném prostredi ropné latky, pak méfe-
ny udaj koncentraci metanu. Pfistroj CATEX+ méii metan do 100 % a pouziva se
zejména pfi zjisténi koncentaci presahujicich rozsah ECOPROBE 3.0. Méfeni
koncentrace metanu se provadi v hloubkovych hladinach 1,1 m a 3,0 m v pravi-
delné siti vytluéenych der. Naméfené hodnoly se interpretuji pomoci potitace
programem SURFER do piehledné grafické formy (obr. 6 a7).

Metan v pldnim ovzdusi v lokalitdch jam byl zjistén takika u viech jam,
v néklerych piipadech bylo zjisténi zavazné, protoze koncentrace metanu byly
v desitkach procent a ve vzdalenostech desitek metri od viastni jamy. Izolinie
koncentraci metanu vedly i k nalezeni podpovrchov?ch dél,

Na zakladé zjisténého stavu v lokalitach jam bylo rozhodnuto o méfeni i po
ukonceni zajistovacich praci. Ne vady splnilo zajisténi svij Gdel v protiplynové
prevenci. U nékterych jam (napf, u vSech i trojickych jam) byl zjidtén stav pfi-
nejmensim stejny, ne-li horsi. Méfeni prokazala v podstaté nedodrZeni technolo-
gie pii nadkryvani plynopropusiné struskove vrstvy a v provedeni kominku pro
odvod plyni. Pro odstranéni tohoto stavu byl upraven a dopinén projekt zagisté-
ni. Podstatnou zménou je realizace drenazniho vriu v télese jamy od (¢inné
hloubky. Vrt bude uplatnén tam, kde metan v pudé byl zjistén ve wyasich kon-
centracich. Vrtani takového vriu neni snadnou zéleZitosti, protoze pii zasypava-
ni se do jamy dostaly ¢asto kuriozni predméty (v jednom pripadé i tézni klec).

6. VYHLED ZAJISTOVANI JAM

Reseni plynové problematiky v rdmei zajistovani starych jam je pouze jednou
z &asti celkového objemu praci v problematice zamezeni nekontrolovatelnym
vystuplm plynu z uzavfenych dolli. Metan neohrozuje jen v lokalitdch jam, ale
na pomérné velkém a misly i husté zastavéném Uzemi. V oblasti Slezské
Ostravy, kde byl metan v pidé na pozemcich uréenych k vystavbé az v desitkach
procent, probihd v soucasné dobé systematicky metan screening. Situace na
lomto Uzemf je komplikovéana existenci 84 jam a 28 Stol,

Problém metanu vystupujictho z uzavienych dol neni viasini jen ostravské
dilei panvi, V dobyvacim prostoru byvalého dolu Julius Fucik, ktery vstoupil do
faze tlumu, je rovnéz vice nez 80 jam, z nichZ fada je situovana stejné jako jamy
na Oslravsku. A navic, ani karvinsko nebude usetfeno problémi s vystupem ply-
ni. Zejména v oblasti koSicko - bohuminské draig( je fada starych jam, které
budou muset byt zajistovany. Jde tedy o proces dlouhodoby, kiery bude trvat
fadu let po ukonéeni dobyvani uhli.
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Schéma zjisténi staré jamy
Diagram of old shaft support

es are evaluated by means of a computer when using the program SURFER, in
a lucid graphic form ( Figures 6 and 7),

Methane in the soil atmosphere in localities of pits was found out nearly in all
pits. In some cases, the finding was serious, because the methane concentrati-
ons were in decades per cent and in the distance of decades of metres from the
pit proper. The isoline of methane concentrations resulted in discovery of underg-
round workings.

On the basis of the determined situation in localities of pits there was decided
that measurements shall continue even after completing the safety ensuring
works. The safely ensuring measures performed not always their purpose in an
antigas prevention. At some pits (e.g. at all three Trojice pits), there was found at
least the same situation, if not a worse one. The measuring proved that techno-
logical procedures were not observed both for performing the overcovering gas-
impermeable slag layer, and for construction of the chimney for taking away gas-
ses. To improve the said situation, the design for the safety ensuring was modi-
fied and amended. The realization of the drainage bore hole in the pit body into
an effective depth represents a considerable change. The bore shall be applied,
where methane in soil was found out in higher concentrations. Boring of such a
hole is not easy, because at the back filling, the pit was often filled with odd
objects (in one case even a man cage).

6. PROSPECT OF ENSURING PIT SAFETY

The solution of gas problems within ensuring of old pit safety is only one part
of the total volume of work concerning problems of the prevention of uncontrol-
led gas escapes from closed mines. Methane is not endangering only in pit loca-
lities, but even in a relatively large, and on some places even very densely built
up area. In the area of Slezska Ostrava, where methane was found in soil of
lands designed for dense housing in the value of tens per cent, a systematic met-
hane screening is performed. The situation in the said area is complicated by the
existence of 84 pits and 28 galleries.

The problem of methane escaping from closed mines is not characterizing for
the Ostrava partial basin only. In the mining space of the former Julius Fudik
mine, which entered in the stage of damping, there take place more than 80 pits,
of which many are situated in the same way as pits in Ostrava region. More over,
in the Karvina region there will also appear problems with gas escape.
Particularly in the area of the Kosice - Bohumin raifway track there exist many old
pits, the safety of which must be ensured. It is a long-term process which will last
for many years after the end of the coal mining.
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Dila navazujici na jamy Ema a Lucie jsou v hloubce 20 m pod povrchem

Works linking up to Ema and Lucie shafts are situated in the depth of 20 m
under the ground
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I N _l _( Jama Ema
'--.IO- P; ON> Ema shaft
N
Vodni §tola 66 m | ||1 I". b Spojovaci chodba 55 m
Water gallery 66 m | l' N N Connecting gallery 55 m
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Protiletecky kryt 70 m N
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) / Vite. 4 Jama Lucie
e Bore No. 4 Lucie shaft

Obr. 6
Schéma zajisténi podzemnich dél navazuijicich na jamy
Diagram showing how to secure underground works linking up to shafts
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VYSTAVBA TUNELOVEHO PRIVADZACA VODY V SYRII

CONSTRUCTION OF A WATER SUPPLY TUNNEL IN SYRIA

ING. MILAN CAGAN, ING. JOZEF FRANKOVSKY, ING. MILAN PASTIERIK,
BANSKE STAVBY, A.S., PRIEVIDZA

uvob

Syria patri svojou égeografickou polohou a klimatickymi podmienkami ku kraji-
nam, kde je potrebneé zavlazovat polnohospodarsku padu a privadzat' do oblas-
i chudobnych na vodné zrazky vodu zo vzdialenych vodnych zdrojov. Uz pred
dvetisic rokmi syrske mestecko Salamiya dodavalo vodu do starovekej Afamije,
ktora v tom ¢ase bola v rozkvete, 50 km dihym podzemnym privadzacom vody.
Skusenosti z vystavby tejto grandiéznej stavby upadii do zabudnutia spolu so
zanikom Afamile. Syrie sa vratila k podzemnym vodnym stavbiam aZ na konc
druhého tisicrocia.

GEOGRAFICKA POLOHA A VYZNAM STAVBY

V severozapadnej ¢asli Syrie pri tureckych hraniciach v oblasti rieky Orontes sa
medzi dvomi horskymi chrbtami pohoria Ante Lebanon rozprestiera planina Al Rouj,
klord je stiéastou Oronteskej niZiny s rozlohou asi 500 k. Na tejto planine chyba
vodny zdroj, umoziujlici intenzivnejSie polnohospodarsky vyuzivat naplaventi iru-
bt vrstvu velmi dobrej pédz. NiZina Orontes je dolezitou oblastou, kiora zasobuje
polnohospodarskymi vyrobkami velku cast' Syrie a hlavne druhé najvaciie syrsko
mesto Aleppo, vzdialené asi 100 km. Pri prudkom demografickom rozvoji Syrie
nastala potreba zintenzivnit' vynosy zavedenim rozsiahlejsich zavlazovacich systé-
mov. Toto umoini Projekt zaviazovania planiny Al Rou*, klory umozni priviest vodu
z koryla rieky Orontes (syrsky nazov Nahr al' Asi) popod chrbat pohoria Ante
Lebanon na planinu Al Rouj zaviazovacim tunelom. Tunel buduji Banské stavby,
as., Prievidza spolu s anglicko - syrsko stavebnou firmou TAKLA-WEAVERS
GUERNSEY Ltd. Investorom toholo velkého zavlaZovacieho projektu je
Ministerstvo zévlah Syrskej arabske] republiky, investorsky dozor stavby bol zvere-
ny Generalnemu riaditefstvu pre zavlazovanie Oronteskej planiny v Hame,

PROJEKT ZAVLAZOVANIA PLANINY AL ROUJ

Tunelovy privadzaé vody Al Rouj je stcastou projektu zavlaZovacieho systému

Al Rouj, ktory vyZaduje vybudovat:

- velku zachytnl nadr - rezervodr pitnej vody z prameriov Aen Zarka v Gdolnej
nive rieky Orontes

- prederpavaciu stanicu na svahu pohoria Ante Lebanon v blizkosti rieky
Orontes nad rezervodrom pitnej vody. Z nej bude voda dalej precerpavana
dvomi potrubnymi tahmi. Jeden bude vedeny z rieky Orontes cez prederpa-
vaciu stanicu do tunelového privadzacéa vody a druhy z rezervoaru pitnej vody
cez prederpavaciu stanicu ponad pohorie Ante Lebanon a cez planinu Al Rouj
az do okresného mesta ldlib.

- tunelovy privadza¢ vody z Udolia Aen Zarka popod pohorie Ante Lebanon do
dedinky Al Balda na planine Al Rou;

- velkd sypani nadrZ na planine Al Rouj, do ktorej bude vyustovat tunelovy pri-
vadzaé

- systém rozvodnych zavlaZovacich kanalov na planine Al Rouj od sypanej
nadrze na zavlazované polia

ZAKLADNE UDAJE TUNELOVEHO PRIVADZACA VODY

Tunel ma celkov dizku 4 141 m. Vyska nivelety na viokovom portali tunela je
229,4 m n.m., na vytokovom portali 224,6 m n.m. Trasa tunela je vedend so spa-
dom 1,16 promile v celej dizke zo strany Aen Zarka smerom na Al Balda.
Maximalny prietok vody tunelovym privadzagom je vypeditany na 4,7 m/s.

Profil tunela je podkovitého tvaru s hrubym vylomom 8m?. Svetly profil tunela
je 4,8m". Primarna vyziuZ tunela, budovana bezprostredne s postupom &elb
tunela pri razenf, bola kombinovand z viacerych prvkov: lepenych ocelovyc
svornikov, striekaného betonu, podpemych oblikov z profilovej ocele a pazin.
Definitivne ostenie predstavuje monoloticky Zelezobetdn s hribkou steny 20 - 30
cm v zavislosli na pevnosti okolitej horniny. Dve vetracie Sachly o Eriemere
2 800 mm s hibkou 58 m a 108 m, vybudované v trase tunela, sliZia ako velra-
cie kominy a nudzové Unikové cesty. Tunelovy privadzac prechddza v celej diz-
ke vapencami, ktorych pevnost kolisa v dirokom rozmedzi od 9 do 62 MPa.
Maximalna vyska nadlozia nad tunelom je 200 m.

GEOLOGICKE POMERY

Trasa tunela prechadzala horninovymi vrstvami premenlivej kvality, I5lo
vyhradne o vapence, tektonicky rozbité na bloky. Vyplii trhlin medzi jednotlivymi
blokmi tvorili flové sedimenty rozliénej kvality a viastnosti. Projektovand trasu

INTRODUCTION

Syria, with its geographic position and climatic situation, is ranked among
countries, where it is necessary to irrigate the agricultural fand and supply water
from remote water sources into areas poor as to rainfalls. The small Syrian town
Salamiya delivered water already before two thousand years to the ancient
Afamija, which was a flourishing town at that time, viz. through an underground
water supply tunnel, 50 km long. Experience from the said magnificent structure
was lorgotien together with the extinction of Afamia. Syria relurned to underg-
round water struclures at the end of the twentieth century,

GEOGRAPHIC POSITION AND IMPORTANCE
OF THE STRUCTURE

In the north-western part of Syria, at Turkish frontiers, in the area of the
Orontes river, between two mountain ridges of the Ante Lebanon Mountains, the-
re takes place the plateau Al Rouj which is a part of the Orontes lowlands with
the area of about 500 sq.km. On that plateau, there is missing a water source,
making it possible to utilize the deposited thick layer of a very good soil in a more
intensive agricultural way. The Orontes lowlands is an important region which
supplies with agricultural products a large part of Syria and mainly Aleppo, the
second biggest Syrian town, being in the distance of about 100 km, For the quick
demographic development of Syria, it is necessary to increase yields by exten-
sive irrigation system. This will be enabled by the "Al Rouj Plateau lrrigation
Scheme” which makes it possible to convey water from the Orontes river-bed
(Syrian name Nahr al'Asi) under the ridge of the Ante Lebanon Mountains fo the
Al Rouj plateau through the Al Rouj irrigation tunnel. The tunnel is constructed
by BANSKE STAVBY, a.s. PRIEVIDZA, together with the English-Syrian building
firm TAKLA-WEAVERS GUERNSEY Ltd. The Ministry of Irrigation of the Syrian
Arabic Republic is the investor of this big irrigation scheme. The General
Management for Irrigation of the Orontes plateau in Hama was authorized to per-
form the role of resident engineer.

PLAN FOR IRRIGATION OF THE AL ROUJ PLATEAU

The Al Rouj water conveyance tunnel is a part of the project concerning the Al

Rouj irrigation system which requires for the following structures to be built:

- big catchment reservoir - Reservoir of drinking water from Aen Zarka springs
in the reclaimed land of the Orontes river,

- repumping station on the slope of Ante Lebanon Mountains near Orontes river
over the reservoir of drinking waler. From there, water shall be repumped
through two pipe lines. One will be routed from the Orontes river through the
repumping station info the water supply tunnel, and the other one from the
reservoir of the drinking water through the repumping station over the Ante
Lebanon Mountains and through the Al Rouj plateau up to idlib, the district town,

- water supply tunnel from the Aen Zarka valley under the Ante Lebanon
Mountains into Al Balaa, the viliage on the Al Rouj platea,

- big reservoir with a rockfill dam on the Al Rouj plateau, into which the water
supply tunnel will discharge,

- system of distributing irrigation canals on the Al Rouj plateau from the reser-
voir to irrigated fields.

BASIC DATA OF THE WATER SUPPLY TUNNEL

The total length of the tunnel is 4 141 m. The elevation of the tunnel inlet is
229.4 m above the sea, and the outlet 224.6 m above the sea. The tunnel align-
ment is led in the slope of 1.16 per mille along the whole length from Aen Zarka
to Al Balda. The peak rate of flow through the water supply tunnel has been cal-
culated to 4.7 cub.mps.

The tunnel profile is of a horseshoe shape with a rough excavated profile
amounling to 8 sq.m. The primary tunnel lining constructed immediately and clo-
sely following the lunnel excavation, consisted of many elements: resin encap-
sulated steal rock bolls, sholcrete, arches made of steel sections, and lagging.
The final lining features monolithic reinforced concrete with the wall thickness of
20 to 30 cm in dependence upon the strength of the surrounding rock. Two ven-
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tunelového privadzaca pretina 8 tektonickych linii. Charakter Gzemia a skladba
horninového prostredia nasvedéovali na vyskyt krasovych Utvarov. Z hiadiska
seizmicily je uzemie zaradené do 8. triedy podfa stupnice CHWM A-12-69-Il.
Napriek zaregistrovanym prejavom zemetrasenia, ktorého epicentrum sa
nachadzalo v nedalekom Turecku v lete roku 1998, sa v8ak jeho Gcinky na raze-
nom diele neprejavili.

VOLBA TECHNOLOGIE

Volba technoldgie a vyber technickych prostriedkov na vystavbu tohto pod-
zemného diela boli ovplyvnené okrem technickych parametrov tunela a geolo-
gickych podmienok aj neznamym socialnym, politickym a ekonomickym prostre-
dim, ako aj kvalifikaciou miestnej pracovnej sily. Podmienkou kontraktu bolo zau-
eit miestnych pracovnikov na vykondvanie razicskych a betonarskych prac.
Z tychto dovodov zvolilli Banske stavby pre razenie privadzaca jednoduchd
a spolahlivi technoldgiu: pneumatické ruéné naradie (vriacie kladiva, zbijacky),
predhadzovacie lopatové nakladace, kolajovy systém odtazby banskymi vozmi
a banskymi dieselovymi lokomotivami. K volbe technolégie prispeli aj informacie
o geologickych a tektonickych pomerech na trase tunela. Hominove prostredie
sa z hladiska technoldgie razenia kvalifikovalo ako nehomogénne, aj napriek
tomu, Ze cela trasa vedie iba vo vapencoch. Pevnost jednotlivych vapencovyvh
vrstiev sa odlisovala takmer o jeden rad. Neistotu od odhadu o spravani sa
a vlastnostiach horninového masivu vnasali aj informacie o vyskyte viacerych
poruchovych pasiem, pretinajucich trasu tunela v niekolkych réznobeZnych rovi-
nach. Pri vyskyte oakavanych krasovych javov vo vdpencovych vrstvach sa
muselo pocital aj s moznotou prievalov vody.

Projekt pogilal s betonaZou pomocou jednoduchého dreveného debnenia, ¢o
bolo pri celkovej dizke 4 141 m casovo naroéné a pracne rieSenie. Ocelové deb-
nenie, skladajuci se z ocelovych ramenatov a teleskopickych stojok odporucal
projektant pouzit' iba v miestach tektonickych porich a v blizkosti kaverien.
Belonaz mala podfa projekiu prebiehat’ v dvach fazach: v prvej faze sa mala
zabetonovat klenbova cast tunelového privadzata a v druhej faze sa malo vybe-
ténovat jeho dno. Spodna éast' definitivneho profilu dna maia byt izolovana od
vrchnej éasti tunela vrstvou asfaltu po celej dizke na obidvoch stranach tunela,
Dilatécia ostenia privadzaca v pozdiznom smere bola rie§ena dilataénymi Skara-
mi s asfaltovou vypliiou v 50 m Usekov.

Betdnovat tunel iakymto postupom by bolo krokom spat, preto technologovia
Banskych stavieb navrhli pouZit' leleskopické ocelové debnenie na zabetonova-
nie profilu tunela ake monolotického celku v 10 m tsekoch. Tolo rieSenie urych-
lilo a zjednodusilo betonaZ vylGéenim nutnosti betdnoval' profil v dvech fazach
a izolovat' pracovné Skary medzi spodnou a hornou Eastou ostenia na trovni
pocvy tunela.

ORGANIZACIE PRACE

V potiatoénoj faze boli véetky razi¢ské prace od vytokového portélu Al Balaa
a vtokového portéiu Aen Zarka, kde prace zacali s malym ¢asovym odstupom,
obsadené pracovnikmi Banskych stavieb. Obe pracoviska boli obsadené 24-mi
slovenskymi pracovnikmi, ktari ihned zacali zatigal' aj syrskych pracovnikov. Po
prvej zaucovacej faze, ktord trvala 12 tyzdiov, sa zredukoval pocet nasich pra-
covnikov na devat, Po druhej zaucovacej faze, ktora trvala 7 mesiacov, sa slo-
venskd dast' zredukovala na 7 pracovnikov a po dalSich 4 mesiacov na 6 pra-
covnikov. Slovenska cast osadky pracuje v dvoch 12-hodinovych zmenach, syr-
ska Cast' osadky pracuje v troch 8-dinovych zmenach v 6-dhovom pracovnom
tyzdni.
Prace boli rozdelené do niekolkych &asti:
1. razenie tunela z oboch stran oproti sebe
2. razenie tunela zo strany Al Balda a betonaz tunela zo strany Aen Zarka
3. betonaz zo strany Al Balaa

tilation shafts, having the diameter of 800 mm and depth of 58 m and 108 m, con-
structed on the tunnel alignment, serve as ventilation chimneys and emergency
escapes. The water supply tunnel passes through limestones in its whole length.
The limestone strength varies in a wide extent from 9 to 62 MPa. The maximum
height of the overburden over the tunnel is 200 m.

GEOLOGICAL CONDITIONS

The tunnel alignment passed through rock layers of various quality. It concer-
ned exclusively limestones, broken tectonically into blocks. Cracks between the
individual blocks were filled by clay sediments of various quality and properties.
The designed alignment of the water supply tunnel crosses 8 tectonic lines. The
character of the area and the composition of the rock environment showed that
there exist karst formations. From the point of view of the seismic activily, the
area has been classified in the 8th class of the CHWM A-12-69-11 scale. In spi-
te of registered displays of earthquake, the epicentre of which took place in not
too distant Turkey in the year 1998, its effects onto the driven structure were not
mentioned.

SELECTION OF THE TECHNIQUE

The technique selection and the choice of technical means for implementati-
on of this underground structure were affected, besides technical parameters ot
the tunnel and geologic conditions, by for us unknown social, political and eco-
nomic environment too, as well as by qualification of the local manpower. To
secure local workers to provide excavation work and concreting, it was the pre-
condition set in the contract.

Due to the said reasons, Banské stavby chose a simple and reliable method
of driving the water supply tunnel: pneumatic manual equipment (drilling ham-
mers, pneumatic drills), shovel loaders, rail-bound system of mucking out by
muck cars and mine Diesel locomotives. The choice of the technology was also
affected by information about geologic and tectonic.situation along the tunnel
route. The rock environment was characterized, with respect fo the driving tech-
nique, as heterogeneous in spite of the fact that the whole line is situated only in
limestones. The strength of individual limestone layers differed immensely. The
uncertainty of the assumption concerning the behaviour and properties of the
rock massif was also affected by existence of many faulty zones crossing the
tunnel line in several concurrent planes. As karst phenomenons in limestone lay-
ers are expected, there had to be also taken into consideration possible water
affluxes.

In the design there was intented to apply simple wooden formwork for conc-
reting which was often an exacting and laborious solution due to the total tunnel
length, viz. 4 141 m. The use of steel slip forms consisting of steel scaffolding of
centre board and telescopic props was recommended by the designer only in
areas of tectonic faults and near caverns. Concreting, according to the design,
was to be performed in two stages: within the first stage, the vault part of the
water supply tunnel was to be concreted, and within the second stage its bottom.
The bottom part of the final lining was to be insulated from the upper part with a
bituminous layer along the whole length on both tunnel sides. Expansion of the
lining was solved in the longitudinal direction by means of expansion joints with
bituminous sealing in 50 m spacing.

To carry out concreting in this way, it would have been a back step, and that
is why technical staff of Banské stavby proposed the application of telescopic
steel slip forms for concreting of the tunnel profile as a monolithic unit in 10m

et L A ORI L

Obr. 1: Charakteristicky pohlad na tdolie rieky Orontes (Nahr al' Asi) zo strany vtokového portalu Aen Zarka na svahoch horského pasma Ante Lebanon
Fig. 1. Characteristic view on the valley of the river Orobntes (Nahr al’ Asi) from the side of inlet portal Aen Zarka on the slopes of mountains ridge Ante Lebanon
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Vzhladom na pouZitie iba jedného leleskopického debnenia na betonaz tunela
a nutnost dodrzat termin vystavby, po vyrazeni 1 400 m zo strany Aen Zerka bolo
razenie na tejlo strane odstavené a razilo sa uz iba zo strany Al Balda. Pocas beto-
naZe tunela zo stani¢enia 1 400 m smerom na Aen Zarku sa ukonéilo razenie tune-
la a bol polozeny podkladovy beton zo strany Al Balda. Nasledne bude betonaz
pokratovat od sianiéenia 1 400 m smerom ku vytokavémi portalu Al Balda.

Termin vystavby tunela bol stanoveny na 38 mesiacov, stavba zacala v mesi-
aci aprili 1997 a bude ukonéena do konca mesiaca maj 2000.

RAZENIE

Tunel o dizke 4 141 m bol vyrazeny za 17 mesiacov, razilo sa od oboch por-
talov oproti sebe. Pocas razenia bol dosiahnuty priemerny mesacny postup 244
m na dve Gelby, resp. 122 m na jednu elbu. Najvy$si denny vykon na jednej cel-
be 18,4 m/deri bol dosiahnuty v mesiaci november 1997 a najvyssi denny postup
za obe ¢elby predstavovl 25,8 m/den.

Razenie zacalo odslrelenim prvého zaberu dia 13.07.1997 na Al Balda
a o lyZden neskér aj zo sirany Aen Zarka. Raziéske Eréce na strane Aen Zarka
boli odstavené dia 28.05.98, kedy zacala betonaz ku viokovému portalu Aen
Zarka, Z vytokového portdlu Al Balda ku miestu prerazky ostavalo vyrazit este
659,10 m. Uvedeny usek bol za 97 pracovnych dni slavnostne prerazeny dna
16.11.1998. Pri tejto prileZitosti bola usporiadand oslava za (casti ministra zavia-
7ovania syrskej arabskej republiky p. Abdula Alrahmana Almadiniho, obchodné-
ho radeu velvyslanectva SR v Syrii Ing. Pavla Letaka, gen. riaditefa Banskych
stavieb Ing. Jaroslava Kapustu, majitefov firmy Takla Weavers p. Fouda Taklu
a p. Assaada Atallaha, zastupcov mestskych a oblastnych orgdnov a zucastne-
nych firiem. Cela oslava bola uskutoénena za Sirokej medidinej aklivity v syr-
skych médiach s mnozstvom z(¢astnenych hosti a prizerajlcich sa domacich
obpatel‘ov. ktorym ukencenie stavby vyrazne pozitivne ovplyvni Zivol.

resnost spravneho siretnutia podia predpisanych topografickych noriem bola
spinena, obe ¢elby sa strelli s polohovou odchylkou 5 em a vySkovou odchylko-
i1 2,5 em. Hoci bol tunel dihy 4 141 m, polygén musel byt dihft az takmer 9 000m.
Presnost’ merani staZovala velka refrakcia nasledkom vplyvu atmosférickych
podmienok a vysokej teploty. UZ zavéas réna a este pred zapadom sinka byvall
v letnom obdobf vysoké teploty, ktoré negativne ovplyvitovali presnost’ meran.
Zamery na meracské body boli skomplikované velkymi vzdialenostami medzi
nimi, az 1 000 m, ¢o si vynUtila neprehfadnost’ terenu. Nocné meranie bolo
nemozné kvoli obtiaznosti terénu a kvoli nebezpeéenstvu z volne sa potulujicich
svoriek psov.

Pritomnost velkych kaverien sa pri razeni potvrdila, kaverny vSak boli bez vod-
nej naplne. V geologicke] stavbe lunela prevazovali vapence nizsej pevnosti.
V miestach kontaklu lrasy tunela s krasovymi kavernami a s poruchovymi pas-
mami sa pouZili $pecidlne opatrenia na zabezpecenie stability ¢elby. VAcSinou
islo o svornikova vyztuz, striekany betén a ocefové nosniky z profilov varu |,
upravované priamo na stavbe. V jednom pripade sa musela pouZil speviiovacia
injektaz horninového pladta v dizke 10 m v smere razenia tunela. Po spevneni
prislu$ného Gseku tunela mikropildtami razenie pokracovalo dalej klasickym
tunelarskym sposobom.

HLBENIE VETRACICH SACHT

Hibka a priemer obidvoch velracich $acht preduréovala pouzitie technoldgie
velkopriemerového vitania. Syrsky partner sa vsak rozhodol vybudovat prvii, 58
m hibok Sachtu, jednoduchym ruénym hibenim. Na nase pomery iSlo o archa-
icky pracovny postup s pouzitim najiednocusich pracovnych prostriedkov a bez
akéhokolvek zabezpedenia stability stien hibenej jamy. Za necelé 3 mesiace
dvaja raziéi a traja pomacnici napodiv Uispesne tito jamu vyhlbili. Osadka praco-
vala 6 dni v pracovnom IE:'{dni po 12 hodin denne. Hibace zariadenie predstavo-
vala jednoducha trojnozka a tenké ocelové lano, na ktorom sa spustali hibici
a vytahovala sa vylomend hornina z hibenia. Pohonnu jednotku predstavol kon,
ktorého vodil jeden z pomocnikov. Na vyhibenie druhej 108 m hibokej Sachty sa
syrsky partner rozhodol pre rovnak( technoldgiu. Sachta bola vyhibena v prvom
Stvrtroku 1998.

BETONAZ DEFINITIVNEHO OSTENIA TUNELA

Belonérske prace na 1 400 m lseku Aen Zarka zacali vyrovnanim pocvy tune-
la poloZenim podkladového betonu triedy C 8/10, na ktory bola polozena tizko-
rozchodna banska kolaj, Po kolaji sa presuvalo leleskopicke debnenie.
Betonarske prace na strane Aen Zarka sa skonili siasne s polozenim podkla-
dového beténu zo strany vytokového portdlu Aen Balda. Po uvolnen| osadky
z razenia bude éast jej pracovnikov pokracovat na vypliiovej a lesniacej injekla-
7i tunela od stanicenia 1 400 m smerom ku portalu Aen Zarka a potom vo vzdi-
alenosti 100 m za zabeténovanym Usekom tunela smerom Al Balaa.

Po odstaveni razenia od vtokového portalu Aen Zarka v staniéeni 1 400 m sa
zacali betonarske prace Gpravou potvy tunela poloZenim podkladového beténu
triedy C 8/10 a poloZenim zkorozchodnej banskej kofaji. Po montazi a presunuti
teleskopického debnenia DB 2500, skonstruovaného a vyrobeného na Bansky
stavbéach, sa v j0li 1898 zacali betondrske prace. Betonaz postupovala smerom
ku Aen Zarke a skondila v silade s ¢asovym harmonogramom. Po udrzbe
a osetreni debnenia novym lakom bolo debnenie otocené a dopravené tunelom
na staniéenie 1400 m, odkial bude betonaz o dizke 2 741 m pokraéovat opac-
nym smerom ku vytokovému portalu Al Balda. )

BetonaZ tunela postupuje zabermi o dizke 10 m v 24 hod. cykle a pozostava
z nasledujucich technologickych operacii: )
- montaz ocelovej vystuze z betonarskej ocele @ 6 mm a & 8 mm, tvarovanej

a viazanej na mieste
- presun, vztyéenie a rektifikécia teleskopického debnenia DB 2500
- Gerpanie a ukladanie betdnu triedy C 25/30 (28 m? - 30 m*/1 zéber) s pouZitim

gerpadla na betdn

sections. The said solution accelerated and simplified concreting operation by
excluding the necessity to concrete the profile in two stages and to insulate day
Joints between the bottom and upper lining parts at the level of the tunnel fioor.

ORGANIZATION OF THE WORK

In the starting stage, all driving and excavation works from the Al Balda outlet
portal and Aen Zarka inlet portal, where the works started within a short lapse of
time, were performed by workers of Banské stavby. On both building sites there
were 24 Slovak workers, who also started immediately to train Syrian workers.
After the first training stage which took twelve weeks, the number of our workers
was reduced to nine. After the second training stage which took seven months,
the Slovak part of workers was reduced to seven workers and after further four
months to six workers. Slovak workers work in two 12-hour shifts, the Syrian wor-
kers work in three 8-hour shifts for six days/week.

The works were divided in several parts:

1. tunnel driving from both sides, in opposite directions
2. tunnel driving from the Al Balda side, and the tunnel concreting from the Aen

Zarka side
3. concreting from the side of Al Balaa

With respect to the fact that only one set of telescopic slide forms for concreting
the tunnel were applied and that it was necessary to observe the construction time
limit, the driving on the Aen Zarka side, after 1 400 m of the tunnel had been dri-
ven, was stopped and driving operations were performed only from the Al Balda
side. During the tunnel concreting from the chainage of 1400 m in the direction to
Aen Zarka, the tunnel driving was stopped and the in-situ blinding concrete placing
was started from the side of Al Balda. Then the concreting will continue from the
chainage of 1 400 m in the direction towards the Al Balaa outlet portal.

The contractual construction time was set for 38 months. The construction
was started in April 1997 and it shall be completed at the end of May 2000.

TUNNELLING OPERATIONS

The tunnel of the length of 4 141 m was driven within 17 months. The exca-
vation was performed from both portals in opposite directions. During the work
there was achieved the average monthly advance of 244 m for two headings, -
122 m for one heading. The maximum one-day advance af one heading, viz. 18.4
m per day, was achieved in November 1997 and the highest one day advance at
both headings was 25.8 m per day.

The excavation started by the first blasting on July 13, 1997, on the Al Balaa
side, and one week later on the Aen Zarka side too. Excavation on the Aen Zarka
side were stopped on May 28, 1998, when concreting to the inlet Aen Zarka star-
ted. From the Al Balaa outlet portal to the place of the breakthrough, there rema-
ined 659.10 m to be driven. Driving of the mentioned section was completed wit-
hin 97 working days in a festive way on November 16, 1998. At this occasion the-
re was arranged a festival at the presence of the following persons: minister of
irrigation of the Syrian Arabic Republic, Mr. Abdul Alrahman Almadini, commer-
cial adviser of the Embassy of the Slovak Republic in Syria, Mr. Ing. Pavel
Lesték, general manager of Banské stavby, Mr.Ing. Jaroslav Kapusta, owners of
the firm Takla Weavers, Mr. Fouad Takla and Mr. Assaad Atallah, representati-
ves of municipal and regional bodies of firms taking part in performed works. The
whole festival was realized under wide activities of Syrian media with many
guests and local onlookers, the life of whom will be favourably affected by com-
pleting the said structure.

The accuracy of a correct meeting of both headings according to determined
topographic standards was maintained, both headings met with the horizontal
and vertical difference of 5 cm and 2.5 cm respectively. As the tunnel was 4 141
m long, the traverse had to be nearly 9 000 m long. The measuring accuracy was
made difficult because of a high refraction of the light caused by the influence of
atmospheric conditions and high temperature. Even very early in the morning
and just before the sun sei, there were high temperatures in summer which affec-
ted unfavourably the measuring accuracy. Sighting on conirol points was com-
plicated due to long distances between them (up to 1 000 m). Such a distance
was necessary because of the landscape shape. Measuring during nights was
also impossible due to the difficult ladscape, and due to the danger caused by
free running dogs.

The assumption concerning the existence of big caverns was right, but the
cavemns were without water. In the geological situation there prevailed limesto-
nes of lower strength. On places, where the tunnel route was in contact with karst
cavemns and fault zones, there had to be applied special measures to ensure the
heading stability. Mostly it concerned rock bolt support, shotcrete and steel ribs
made from | sections fabricated just on the building site. In one case there had
fo be applied a compensation grouting of the rock jacket in the length of 10 m in
the direction of the tunnel driving. After the respective tunnel section had been
supported by micropiles, excavation continued in a classic tunnelling manner.

VENTILATION SHAFT SINKING

The depth and diameter of both ventilation shafts predestined the technique
used, viz. a large diameter boring. The Syrian partner decided to make the first
shaft, 58 m deep, in a simple, manual sinking. As to our state of the art, it was
an archaic working process with the application of the simpliest means and wit-
hout any stability of the walls of the pit during sinking. To our surprise, the team
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Tunel

- zhutiovanie beténu ponornymi a pevne zabudovanymi priloznymi vibratormi

- tuhnutie beténu v debneni do dosiahnutia pozadovanej minimalnej hodnoty
oddebnovacej pevnosti

Receptdra beténovej zmesi C 25/30 na 1 m:

Cement triedy 42,5 450,0 kg
Tazené kamenivo 0/6 mm 600,01
Drvené kamenivo 8/16 mm 600,01
Vodny sucinitel W = 0,58 261,01

Plastifikator (Rheobuild 1100) 421

Betonova zmes C 25/30 sa pripravuje na povrchu pri viokovom portdli Aen
Zarka na jednoduchej bubnove] miesacke s objemom 250 | a objemovym dév-
kovanim plniva. Do tunela sa beténova zmes dopravuje v kofajovych domiesa-
vacoch DBK-3, navrhnutych na Banskych stavbach.

Za debnenie DB 2500 sa betdnova zmes dopravuje &erpadiom typu

b
Obr. 2: Pohlad na zadn(i &ast debnenia DB 2500 pocas betonaze tunelového pri-
vadzaca vody

Fig. 2: A view for the back part of slip form DB 250 during concreting of irrigation
tunnel

Obr. 3: Vyroba ocefového teleskopického debnenia DB 2500 v dieliach Banskych
stavieb v Prievidzi

Fig. 3: The manufacturing of steel telescopic slip form DB 2500 in Banské stavby
workshop at Prievidza

of two miners and three helpers made successfully the said shaft within uncom-
pleted three months. The team worked twelve hours for six days a week. The sin-
king equipment was represented by one tripod with a thin steel cable, by means
of which the workers were transported down and the muck was lifted up. The dri-
ving unit was represented by a horse served by an helper. The Syrian partner
decided that the other shaft, 1 008 m deep, was to be made in the same way.
The shaft was completed in the first quarter of the year 1998.

CONCRETING OF THE FINAL TUNNEL LINING

Concreting works in the 1 400 m long Aen Zarka section were started by leve-
ling the tunnel floor, when applying blinding concrete of the class C 8/10, onto
which a narrow gauge mine track was installed. By means of the said narrow
gauge track, there were shifted telescopic steel slip forms. Concreting works, on
the Aen Zarka side were completed at the same time when blinding concrete was
completed from the side of the Al Balda outlet portal. A part of workers relieved
from driving works will continue in tunnel back and seal groutings from the 1 400
m chainage in the direction towards the Aen Zarka portal, and then in the distan-
ce of 100 m behind the concreted tunnel section towards Al Balda.

After having stopped the driving from the Aen Zarka inlet portal in the chaina-
ge of 1 400 m, concrete placing started on the tunnel invert, viz. by placing the
blinding concrete, using concrete of the class C 8/10, and by installation of the
narrow gauge mine track. After having assembled and shifted the DB 2500 teles-
copic steel slip forms, designed and produced in Banské stavby, concreting
works were started in July 1998. The concreting continued towards Aen Zarka
and was completed in compliance with the time schedule. After the maintenan-
ce and repainting of the steel slip forms had been completed, the steel slip forms
were turned around and transported through the tunnel to the chainage of 1 400
m, from where the concreting will continue in the length of 2 741 m in the oppo-
site direction to the Al Balda outlet portal.

The tunnel concreting continues by sections 10 m long, in a 24 hour cycles
and consists of the following technological operations:

- assembly of steel reinforcement made of concrete steel of dia 6 mm and dia

8 mm, shaped and mounted in situ
- shifting, assembly and rectification of telescopic steel slip forms - DB 2500
- pumping and placing concrete of the class C 25/30 (28 cub.m to 30 cub.m per

one section) with the application of a concrete pump
- compacting of concrete by means of submersible and formwork vibrators
- concrete setting in forms till the required minimum stripping strength is achie-

ved.
C 25/30 concrete mixture formula - for 1 cub.m:

cement of the class 42.5 450.0 kg
natural aggregates 0/6 mm 600.01
crushed aggregates 8/16 mm 600.01
water / cement ratio w/c = 0.58 261.01
plastifier (Rheobuild 1100) 4.2

The concrete mixture C 25/30 is prepared on the surface at the Aen Zarka
inlet portal in a simple drum mixer having the volume of 250 litres and being pro-
vided with a volume batcher for aggregates. The concrete mixture is iransported
into the tunnel in rail-mounted remixing plant DBK-3, designed and produced in
Banské stavby.

The concrete mixture is transported behind the steel slip forms - DB 2500 by
means of the pump of the type Putzmeister Elefantino MB-1002 E. With respect
te Iransport times and methods of conerete placing, the concrete mixture requi-
res, for liquid consistency to be kept for at least one hour. The required outputs
and the time schedule of concreting works require that the stripping may be rea-
lized not later than after 13 hours from filling the form with concrete. There must
be ensured a high increase of the starting strength of the concrete mixture. When
removing the slip forms, the strength must achieve at least 6.5 N/sq.mm.
Practical experience enabled to optimize the composition of the concrete mixtu-
re which makes it possible to achieve the stripping strength not later than after
10 hours. In this way the advance of concreting is 10 m/day and within one week
there is concreted a tunnel section being 60 m long, i.e. 180 cub.m of concrete
of high quality having the strength of 32 MPa.

The workability of a fresh concrete mixture is affected by dosing the liquid plas-
tifier Rheobuild 1100 of the Swiss firm SIKA. The high temperature of components
of the fresh concrete mixture, which, in the given climatic conditions, achieves the
value crossing 50° C, affects the concrete workability in a negative way.

To the date of the breakthrough, there was concreted 830 m of the tunnel. The
concreting of the 1 400 m long section from the side of Aen Zarka was comple-
ted in March 1999. The concreting of the 2 741 m tunnel length within the second
stage will be more difficult with respect to a doubled transport distance in com-
parison with the distance of the tunnel section concreted within the first stage in
the direction towards Aen Zarka. Simultaneously the realization of the seal grou-
ting and back grouting will be started from the chainage of 1 400 m towards the
inlet portal.

CONCLUSION

The construction of the water supply tunnel was realized in a remote country
where there exist, for us very strange, economical, political, commercial, entre-
preneurial and other conditions. Knowledge gained during this construction may
be summarized as follows:
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Vzhladom na poutzitie iba jedného teleskopického debnenia na betonaz tunela
a nutnost dodrZat termin vystavby, po vyrazeni 1 400 m zo strany Aen Zerka bolo
razenie na tejto strane odstavené a razilo sa uzZ iba zo strany Al Balaa. Pocas beto-
naze tunela zo stanicenia 1 400 m smerom na Aen Zarku sa ukonéilo razenie tune-
la a bol polozeny podkladovy betén zo strany Al Balda. Nasledne bude betonaz
pokracovat od stani¢enia 1 400 m smerom ku vytokovémi portalu Al Balaa.

Termin vystavby tunela bol stanoveny na 38 mesiacov, stavba za¢ala v mesi-
aci aprili 1997 a bude ukonc¢ena do konca mesiaca maj 2000.

RAZENIE

Tunel o dizke 4 141 m bol vyrazeny za 17 mesiacov, razilo sa od oboch por-
talov oproti sebe. Pogas razenia bol dosiahnuty priememy mesaény postup 244
m na dve Eelby, resp. 122 m na jednu ¢elbu. Najvyssi denny vykon na jednej Cel-
be 18,4 m/den bol dosiahnuty v mesiaci november 1997 a najvys§i denny postup
za obe Celby predstavovl 25,8 m/defi.

Razenie zadalo odstrelenim prvého zaberu dna 13.07.1997 na Al Balda
a o tyzdef neskor aj zo strany Aen Zarka. Razi¢ské prace na strane Aen Zarka
boli odstavené dina 28.05.98, kedy zacala betonaz ku vtokovému portdlu Aen
Zarka. Z vytokoveho portalu Al Balaa ku miestu prerazky ostavalo vyrazit este
659,10 m. Uvedeny usek bol za 97 pracovnych dni slavnosine prerazeny dna
16.11.1998. Pri tejto prileZitosti bola usporiadana oslava za (€asti ministra zavla-
zovania syrskej arabskej republiky p. Abdula Alrahmana Almadiniho, obchodné-
ho radcu velvyslanectva SR v Syrii Ing. Pavla Lestaka, gen. riaditela Banskych
stavieb Ing. Jaroslava Kapustu, majitefov firmy Takla Weavers p. Fouda Takiu
a p. Assaada Alallaha, zaslupcov mestskych a oblastnych orgiém)v a zlcastne-
nych firiem. Cela oslava bola uskutoénend za Sirokej medidlne] aktivity v syr-
skych médiach s mnoZstvom ziéastnenych hosti a prizerajlicich sa domacich
obyvatelov, ktorym ukonéenie stavby vyrazne pozitivne ovplyvni Zivot.

Presnost spravneho stretnutia podfa predpisanych topografickych noriem bola
splnena, obe delby sa stretli s polohovou odehylkou 5 cm a vySkovou odchylko-
iu 2,5 cm. Hoci bol tunel dihy 4 141 m, polygén musel byt dihy az takmer 9 000m.
Presnost merani staZovala velka refrakcia nasledkom vplyvu atmosférickych
podmienok a vysokej teploty. Uz zavCas rana a eSte pred zapadom sinka byvali
v letnom obdobi vysokeé teploty, ktoré negativne ovplyviovali presnost merani.
Zamery na meracske body boli skomplikované velkymi vzdialenostami medzi
nimi, az 1 000 m, ¢o si vynutila neprehfadnost’ terénu. No¢né meranie bolo
nemozné kvdli obtiaznosti terénu a kvoli nebezpeéenstvu z volne sa potulujicich
svoriek psov.

Pritomnost velkych kaverien sa pri razeni potvrdila, kaverny véak boli bez vod-
nej naplne. V geologicke] stavbe tunela prevazovali vapence niz8ej pevnosti.
V miestach kontaktu trasy tunela s krasovymi kavernami a s poruchovymi pas-
mami sa pouZili $pecidlne opatrenia na zabezpecenie stability ¢elby. Va¢sinou
iSlo o svornikovl vyztuz, striekany betén a ocelové nosniky z profilov tvaru |,
upravované priamo na stavbe. V jednom pripade sa musela pouzit speviiovacia
injektaz horninového plasta v dizke 10 m v smere razenia tunela. Po spevneni
prislusného Useku tunela mikropilétami razenie pokracovalo dalej klasickym
tunelarskym spdsobom.

HLBENIE VETRACICH SACHT

Hibka a priemer obidvach vetracich $acht preduréovala pouzitie technolégie
velkopriemerového vitania. Syrsky partner sa véak rozhodol vybudovat prvi, 58
m hibokd Sachtu, jednoduchym ruénym hibenim. Na nase pomery iSlo o archa-
icky pracovny postup s pouzitim najjednocusich pracovnych prostriedkov a bez
akéhokolvek zabezpedenia stability stien hlbenej jamy. Za necelé 3 mesiace
dvaja raziéi a traja pomocnici napodiv Uspesne tdto jamu vyhlbili. Osadka praco-
vala 6 dnf v pracovnom tyZdni po 12 hodin denne. Hibace zariadenie predstavo-
vala jednoducha trojnozka a tenké ocelové lano, na ktorom sa spustali hibici
a wléhovala sa vylomend hornina z hlbenia. Pohonnu jednotku predstavol kén,
ktorého vodil jeden z pomocnikov. Na vyhlbenie druhej 108 m hibokej Sachty sa
syrsky partner rozhodol pre rovnaku technolégiu. Sachta bola vyhibena v prvom
Stvrtroku 1998,

BETONAZ DEFINITIVNEHO OSTENIA TUNELA

Betonarske prace na 1 400 m Gseku Aen Zarka zacali vyrovnanim pocvy tune-
la poloZenim podkladového beténu triedy C 8/10, na ktory bola poloZena (izko-
rozchodna banska kofaj. Po kolaji sa presuvalo teleskopické debnenie.
Betonarske prace na strane Aen Zarka sa skongili si¢asne s polozenim podkla-
dového betonu zo strany vytokového portalu Aen Balaa. Po uvolheni osadky
z razenia bude &ast jej pracovnikov pokradovat' na vypliiovej a tesniacej injekta-
Zi tunela od stani¢enia 1 400 m smerom ku portalu Aen Zarka a potom vo vzdi-
alenosti 100 m za zabeténovanym Usekom tunela smerom Al Baléa.

Po odstaveni razenia od vtokového portalu Aen Zarka v staniéeni 1 400 m sa
zacali betonarske prace Upravou podvy tunela poloZenim podkladového beténu
triedy C 8/10 a polozenim Uzkorozchodnej banskej kofaji. Po montazi a presunuti
teleskopického debnenia DB 2500, skonstruovaného a vyrobeného na Bansky
stavbach, sa v juli 1998 zacali betonarske prace. Betonaz postupovala smerom
ku Aen Zarke a skonéila v sllade s ¢asovym harmonogramom. Po (drzbe
a oSetreni debnenia novym lakom bolo debnenie otoéené a dopravené tunelom
na stanicenie 1 400 m, odkial bude betonaz o dizke 2 741 m pokradoval' opad-
nym smerom ku vytokovému portalu Al Baléa.

Betonaz tunela postupuje zabermi o dizke 10 m v 24 hod. cykle a pozostava
z nasledujucich technologickych operéci:

- montaz ocelovej vystuze z betonarskej ocele & 6 mm a & 8 mm, tvarovanej

a viazanej na mieste
- presun, vztycenie a rektifikacia teleskopického debnenia DB 2500
- Cerpanie a ukladanie betdnu triedy C 25/30 (28 m? - 30 m¥/1 zaber) s pouzitim

Cerpadla na beton

sections. The said solution accelerated and simplified concreting operation by
excluding the necessity to concrete the profile in two stages and to insulate day
joints between the bottom and upper lining parts at the level of the tunnel floor.

ORGANIZATION OF THE WORK

In the starting stage, all driving and excavation works from the Al Balda outlet
portal and Aen Zarka inlet portal, where the works started within a short lapse of
time, were performed by workers of Banské stavby. On both building sites there
were 24 Slovak workers, who also started immediately to train Syrian workers.
After the first training stage which took twelve weeks, the number of our workers
was reduced to nine. After the second training stage which took seven months,
the Slovak part of workers was reduced to seven workers and after further four
months to six workers. Slovak workers work in two 12-hour shifts, the Syrian wor-
kers work in three 8-hour shifts for six days/week.

The works were divided in several parts:

1. tunnel driving from both sides, in opposite directions
2. tunnel driving from the Al Balda side, and the tunnel concreting from the Aen

Zarka side
3. concreting from the side of Al Balda

With respect to the fact that only one set of telescopic slide forms for concreting
the tunnel were applied and that it was necessary to observe the construction time
limit, the driving on the Aen Zarka side, after 1 400 m of the tunnel had been dri-
ven, was stopped and driving operations were performed only from the Al Balaa
side. During the tunnel concreting from the chainage of 1 400 m in the direction to
Aen Zarka, the tunnel driving was stopped and the in-situ blinding concrete placing
was started from the side of Al Balda. Then the concreting will continue from the
chainage of 1 400 m in the direction towards the Al Balda outlet portal.

The contractual construction time was set for 38 months. The construction
was started in April 1997 and it shall be completed at the end of May 2000.

TUNNELLING OPERATIONS

The tunnel of the length of 4 141 m was driven within 17 months. The exca-
vation was performed from both portals in opposite directions. During the work
there was achieved the average monthly advance of 244 m for two headings, -
122 m for one heading. The maximum one-day advance at one heading, viz. 18.4
m per day, was achieved in November 1997 and the highest one day advance at
both headings was 25.8 m per day.

The excavation started by the first blasting on July 13, 1997, on the Al Balda
side, and one week later on the Aen Zarka side too. Excavation on the Aen Zarka
side were stopped on May 28, 1998, when concreting to the inlet Aen Zarka star-
ted. From the Al Balaa outlet portal to the place of the breakthrough, there rema-
ined 659.10 m to be driven. Driving of the mentioned section was completed wit-
hin 97 working days in a festive way on November 16, 1998. At this occasion the-
re was arranged a festival at the presence of the following persons: minister of
irrigation of the Syrian Arabic Republic, Mr. Abdul Alrahman Almadini, commer-
cial adviser of the Embassy of the Slovak Republic in Syria, Mr. Ing. Pavel
Lesték, general manager of Banské stavby, Mr.Ing. Jaroslav Kapusta, owners of
the firm Takla Weavers, Mr. Fouad Takla and Mr. Assaad Atallah, representati-
ves of municipal and regional bodies of firms taking part in performed works, The
whole festival was realized under wide activities of Syrian media with many
guests and local onlookers, the life of whom will be favourably affected by com-
pleting the said structure.

The accuracy of a correct meeting of both headings according to determined
topographic slandards was maintained, both headings met with the horizontal
and vertical difference of 5 cm and 2.5 cm respectively. As the tunnel was 4 141
m long, the traverse had to be nearly 9 000 m long. The measuring accuracy was
made difficult because of a high refraction of the light caused by the influence of
atmospheric conditions and high temperature. Even very early in the morning
and just before the sun set, there were high temperatures in summer which affec-
ted unfavourably the measuring accuracy. Sighting on control points was com-
plicated due to long distances between them (up to 1 000 m). Such a distance
was necessary because of the landscape shape. Measuring during nights was
also impossible due to the difficult ladscape, and due to the danger caused by
free running dogs.

The assumption concerning the existence of big caverns was right, but the
caverns were without water. In the geological situation there prevailed limesto-
nes of lower strength. On places, where the tunnel route was in contact with karst
caverns and fault zones, there had to be applied special measures to ensure the
heading stability. Mostly it concerned rock bolt support, shotcrete and steel ribs
made from | sections fabricated just on the building site. In one case there had
to be applied a compensation grouting of the rock jacket in the length of 10 m in
the direction of the tunnel driving. After the respective tunnel section had been
supported by micropiles, excavation continued in a classic tunnelling manner.

VENTILATION SHAFT SINKING

The depth and diameter of both ventilation shafts predestined the technique
used, viz. a large diameter boring. The Syrian partner decided to make the first
shaft, 58 m deep, in a simple, manual sinking. As to our state of the art, it was
an archaic working process with the application of the simpliest means and wit-
hout any stability of the walls of the pit during sinking. To our surprise, the team
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- zhutiiovanie beténu ponornymi a pevne.zabudovanymi priloznymi vibratormi

- tuhnutie beténu v debneni do dosiahndtia poZadovanej minimalnej hodnoty
oddebnovacej pevnosti

Receptlra beténovej zmesi C 25/30 na 1 m*

Cement triedy 42,5 450,0 kg
Tazené kamenivo 0/6 mm 600,01
Drvené kamenivo 8/16 mm 600,01
Vodny stcinitel W = 0,58 261,01

Plastifikator (Rheobuild 1100) 421

Betdnova zmes C 25/30 sa pripravuje na povrchu pri viokovom portali Aen
Zarka na jednoduchej bubnovej miedacke s objemom 250 | a objemovym dav-
kovanim plniva. Do lunela sa beténovéa zmes dopravuje v kofajovych domiesa-
vatoch DBK-3, navrhnutych na Banskych stavbach.

Za debnenie DB 2500 sa beténova zmes dopravuje Gerpadiom typu

Obr. 2: Pohlad na zadn( Cast debnenia DB 2500 pocas betonaze tunelového pri-
vadzac¢a vody

Fig. 2: A view for the back part of slip form DB 250 during concreting of irrigation
funnel

Obr. 3: Vyroba ocelového teleskopického debnenia DB 2500 v dielfiach Banskych
stavieb v Prievidzi

Fig. 3: The manufacturing of steel telescopic slip form DB 2500 in Banské stavby
workshop at Prievidza

of two miners and three helpers made successfully the said shaft within uncom-
pleted three months. The team worked twelve hours for six days a week. The sin-
king equipment was represented by one tripod with a thin steel cable, by means
of which the workers were transported down and the muck was lifted up. The dri-
ving unit was represented by a horse served by an helper. The Syrian partner
decided that the other shaft, 1 008 m deep, was to be made in the same way.
The shaft was completed in the first quarter of the year 1998.

CONCRETING OF THE FINAL TUNNEL LINING

Concreting works in the 1400 m long Aen Zarka section were started by leve-
ling the tunnel floor, when applying blinding concrete of the class C 8/10, onto
which a narrow gauge mine track was installed. By means of the said narrow
gauge track, there were shifted telescopic steel slip forms. Concreting works, on
the Aen Zarka side were completed at the same time when blinding concrete was
completed from the side of the Al Balda outlet portal. A part of workers relieved
from driving works will continue in tunnel back and seal groutings from the 1 400
m chainage in the direction towards the Aen Zarka portal, and then in the distan-
ce of 100 m behind the concreted tunnel section towards Al Balda.

After having stopped the driving from the Aen Zarka inlet portal in the chaina-
ge of 1400 m, concrete placing started on the tunnel invert, viz. by placing the
blinding concrete, using concrete of the class C 8/10, and by installation of the
narrow gauge mine track. After having assembled and shifted the DB 2500 teles-
copic steel slip forms, designed and produced in Banské stavby, concreting
works were started in July 1998. The concreting continued towards Aen Zarka
and was completed in compliance with the time schedule. After the maintenan-
ce and repainting of the steel slip forms had been completed, the steel slip forms
were turned around and transported through the tunnel to the chainage of 1 400
m, from where the concreting will continue in the length of 2 741 m in the oppo-
site direction to the Al Balda outlet portal.

The tunnel concreting continues by sections 10 m long, in a 24 hour cycles
and consists of the following technological operations:

- assembly of steel reinforcement made of concrete steel of dia 6 mm and dia

8 mm, shaped and mounted in situ
- shifting, assembly and rectification of telescopic steel slip forms - DB 2500
- pumping and placing concrete of the class C 25/30 (28 cub.m to 30 cub.m per

one section) with the application of a concrete pump
- compacting of concrete by means of submersible and formwork vibrators
- concrete setting in forms till the required minimum stripping strength is achie-

ved.
C 25/30 concrete mixture formula - for 1 cub.m:

cement of the class 42.5 450.0 kg
natural aggregates 0/6 mm 600.01
crushed aggregates 8/16 mm 600.0 1
water / cement ratio w/c = 0.58 261.01
plastifier (Rheobuild 1100) 4.21

The concrete mixture C 25/30 is prepared on the surface at the Aen Zarka
inlet portal in a simple drum mixer having the volume of 250 litres and being pro-
vided with a volume batcher for aggregates. The concrele mixture is transported
into the tunnel in rail-mounted remixing plant DBK-3, designed and produced in
Banské stavby.

The concrete mixture is transported behind the steel slip forms - DB 2500 by
means of the pump of the type Putzmeister Elefantino MB-1002 E. With respect
to transport limes and methods of concrete placing, the concrete mixture requi-
res, for liquid consistency to be kept for at least one hour. The required outputs
and the time schedule of concreting works require that the stripping may be rea-
lized not later than after 13 hours from filling the form with concrete. There must
be ensured a high increase of the starting strength of the concrete mixture. When
removing the slip forms, the strength must achieve at least 6.5 N/sg.mm.
Practical experience enabled to optimize the composition of the concrete mixtu-
re which makes it possible to achieve the stripping strength not later than after
10 hours. In this way the advance of concreting is 10 m/day and within one week
there is concreted a tunnel section being 60 m long, i.e. 180 cub.m of concrete
of high quality having the strength of 32 MPa.

The workability of a fresh concrele mixture is affected by dosing the liquid plas-
tifier Rheobuild 1100 of the Swiss firm SIKA. The high temperature of components
of the fresh concrete mixture, which, in the given climatic conditions, achieves the
value crossing 50° C, affects the concrete workability in a negative way.

To the date of the breakthrough, there was concreted 830 m of the tunnel. The
concreting of the 1 400 m long section from the side of Aen Zarka was comple-
ted in March 1999. The concreting of the 2 741 m tunnel length within the second
stage will be more difficult with respect to a doubled transport distance in com-
parison with the distance of the tunnel section concreted within the first stage in
the direction towards Aen Zarka. Simultaneously the realization of the seal grou-
ting and back grouting will be started from the chainage of 1 400 m towards the
infet portal.

CONCLUSION

The construction of the water supply tunnel was realized in a remote country
where there exist, for us very strange, economical, political, commercial, entre-
preneurial and other conditions. Knowledge gained during this construction may
be summarized as follows:
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Putzmeister Elefantino MB-1002 E. S ohfadom na dopravné ¢asy a spdsob ukla-
dania si beténova zmes vyZaduje zachovanie tekutej konzistencie po dobu
najmenegj jednej hodiny. Pozadované vykony a harmonogram betonarskych prac
vyzaduju, aby sa oddebnenie uskutocnilo najneskér po 13 hodinach od ulozenia
beténovej zmesi. Betdnova zmes musl mat' zaruGeny vysoky nérast pocialocnej
pevnostl, Pri oddebriovani musi betén dosiahnil' pevnost najmene
6,5 N/mm. Praktickymi skisenostami sa optimalizovalo take zloZenie betonove
zmesi, kloré umoznuje dosiahnut’ oddebriovaciu pevnosf uz po 10 hod. Tak sa
dosahujd postupy 10 m denne a za 1 pracovny tyzden sa zabeonuje 60 m dihy
usek tuneta, j. 180 m” kvalitného beténu s pevnostou 32 MPa.

Spracovatelnost’ éerstvej betdnovej zmesi sa ovplyviuje davkovanim tekule-
ho plastifikatora Rheobuild 1100 $vajciarskej firmy SIKA. Negativny vplyv na
spracovatelnost ¢erslve] beténove| zmesi ma vysoka teplota jeho zloZiek, ktora
v tamojsej klime v letnom obdobi dosahuje hodnoty viac ako 50° C.

K déatumu prerazenie tunela bolo zabeténovanych 830 m tunela. Betonaz
1 400 m dlhého Useku zo strany Aen Zarka sa ukonéila v marci 1999. Betonaz
tunela v druhej etape o dizke 2 741 bude obtiaznejsia na organizaciu prace
vzhfadom na dvojnasobnl dopravn( vzdialenost’ v porovnani so vzdialenostou
tseku tunela, zabeténovaného v prvej elape smerom na Aen Zarka. Sucasne sa
zadne od stanienia 1 400 m smerom k vtokovému portalu realizovat tesniaca
a vypliiova injektaz.

ZAVER

Stavba tunelového privadzaéa vody sa uskutocnila na vzdialenom teritdriu,
v ktorom st pre nas malo prehfadné hospodarske, politické, obchodne, podnika-
telské a iné pomery. Poznatky z tejto stavby moZno zhrnit nasledovne:

- napriek lomu, Ze Syria je na nizsej technickej a technologickej drovni v oblas-
ti podzemnych stavieb a nema pre tento sortiment kvalifikovanu pracovnu silu,
zacvitenie a adaptacia syrskych pracovnikov prevazne z dedinského polno-
hospodéarskeho prostredia prebehla pomerne rychlo a hladko.

- velké komplikacie predstavovalo vybavovanie Uradnych zalezitosti, ktoré boli
na eurépske pomery zdihavé a mélo prehfadné,

- v Syrii sa uprednosthuje vyuZivanie pracovnej sily namiesto vyuZivania
modemej techniky. Na syrskom trhu je moZné zakupit' aj stroje & zariadenia
$pickovej kvality, ale na domdace pomery st drahé. Preto sa pracuje prevaine
s0 starsimi strojmi, ktoré dokazu miestne podniky dihodobo udrzovat' v pre-
vadzkyschopnom stave.

- bezpectnosiné a hygienické predpisy su na podstatne niz3ej drovni ako u nds.
Pri nedostatku skdsenosti s tunelarskymi pracami maju miestni pracovnici ten-
denciu k podcedvaniu nebezpecdensiva.

- jednou z prekaZok bolo vybavovanie materidlovych zasielok do Syrie kamié-
novou a namornou dopravou. Pri vaésine zasielok sa muselo pocitat’ s prie-
tahmi pri colnom vybavovani zasielok v Syrii a pri ndmornej doprave aj s nepri-
merane dihymi dopravnymi ¢asmi.

Na tomto diele vyuZili Banské stavby v plnom rozsahu skisenosti ziskané
z vystavby 14 km dihej odvodiovacej stone v Banskej Stiavnice, ako aj z vystav-
by tunelov na vodnych dielach Turéek, RuZin a precerpavacej vodnej elekirame
Cierny Vah. Na zéklade skisenosti z tychto stavieb rozhodujice technologické
zariadenia na betonaz tunela, okrem ¢erpadla beténu, si podnik vyvinul a vyrobil
vo vlastnych strojarenskych kapacitach,

Banské stavby, a.s. pdsocbia v siéasnosti ako &ediné slovenska firma v Syril.
Ich Uspesna Ucast na stavbe tunelového privadzaca vody viytvara dobry predpo-
klad uplatnenia na niektorom z dalSich projektov podzemnych stavieb v Syril.

Prievidza, 17. 3.1999

Obr. 4: Navéteva ministra zavlazovania pri prileZitosti oslav prerazky tunela. V hor-
nej Casti obrazku je vidiet' lichobeznikovy profil vystuze |, ktora je polohovo
kotvena ocelovymi lepenymi svornikmi. Cast vytokového portala Al Balaa
s ocelovou polygonovou vystuzou.

Fig. 4: The visit of minister of irrigation in occasion of celebration of breaking through
the tunnel. In the upper part of picture is visible a trapezodial profile of reinfor-
cement I, which is positional fixed with steel anchors, sticking by bitumen.

A part of the outline tunnel portal Al Balda with steel polygon frames.

- In spite of the fact that Syria is at a lower technical and technological level in
the branch of underground structures and it has not the qualified workforce for
it, the training and adaptation of Syrian workers, mostly farmers, was perfor-
med quickly and without problems.

- Many complications resulted from negotiations with official authorities. Said
negotiations were tedious and not too lucid.

- In Syria, it is preferred to use manpower instead of the up-to-date technology.
It is possible to buy machines and equipment of the top quality even on the
Syrian market, but, with respect to the infand economic situation, they are
expensive. That is why there are applied mostly older machines, and local
enterprises are able to maintain and keep them in operational condition for a
long time.

- Safety regulations and hygienic ones have a considerably lower level than our
ones. Having insufficient experience with tunnelling works, local workers have
the tendency to underestimate the danger.

- The realization of material consignments to Syria by means of camion tran-
sport and sea one, was also one of the impediments. At most consignments,
problems had to be expected at customs proceedings in Syria, and if it con-
cems a sea transport, even inadequately long transport time comes also in
question.

When realizing this construction, Banské stavby utilized, in full extent, experi-
ence gained during the construction both of the drainage gallery, 14 km long, at
Banska Stiavnica, and of tunnels for water related projects: Turcek, RuZin, as
well as of the Cerny Vah pumped storage plant. On the basis of experience gai-
ned when performing the said structures, the decisive technological plant for
concreting the tunnel, except the concrete pump, was designed and manufactu-
red in the machine shops of our company.

Banské stavby, a.s., is working at present as the only Slovak firm in Syria. lis
successful participation at the construction of the water supply tunnel forms a
good assumption that it may take part even in any of further underground works
in Syria.

Prievidza, March 17, 1999.

ABSTRACT

In the article, an outline of excavation of 4.2 km long water supply tunnel as a
part of an irrigation scheme on Al Rouj plateau in Syria is presented. For the tun-
nel excavations, situated prevailingly in the limestone, a drilling and blasting met-
hod was applied. As primary lining there were applied steel ribs, rock bolts, wire
mesh and shotcrete. The secondary tunnel lining is made in the cast in situ conc-
rete with the telescopic steel slip form. The average monthly advance in the tun-
nel excavation was 244 m, the monthly performance in casting in-situ concrete
was 250 m.

Banské stavby, a.s., Prievidza, Slovakia, and TAKLA-WEAVERS GUERNSEY
Ltd., Great Britain, were the contraciors of this structure.

Obr. 5: Pohfad na vytokovy portal tunela na strane Al Bala
Fig. 5: A view on outlet portal of tunnel on the side of Al Balda
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STAVBA HUSOVICKEHO TUNELU
V RAMCI VELKEHO MESTSKEHO OKRUHU - USEK KOHOUTOVA V BRNE

HUSOVICE TUNNEL CONSTRUCTION

WITHIN THE BIG MUNICIPAL ROAD CIRCLE - KOHOUTOVA STREET
SECTION IN BRNO

ING. PAVEL KUBICEK, ZELEZNICNI STAVITELSTVI A.S. BRNO
ING. PAVEL PRIBYL, CSC., ELTODO A.S.

uvoD

V prosinci 1998 byl v Brné uveden do provozu dalsi usek velkého mésiského
okruhu dokoncenim stavby "VMO Kohoutova”, coz je éasti zakladniho komuni-
kacniho systému mésta Brna s cllem zajisténi rychlejsiho a komfortingjsiho spo-
jeni wychadniho a severniho sektoru mésta v silniéni dopravé. Dokonéen)'! tsek
nema zatim provozni kontinuitu, ale v letodnim roce byla jiz zahajena dals| nava-
zujici stavba. Trasovani okruhu v pfedmétné lokalité vyslo ze schvélené studie
a je provedeno s dirazem na zlepSeni Zivolniho prostiedi na stavajicich komuni-
kacich v méstskych étvrtich Cema Pole a Husovice pfi minimalnim zésahu do
chranéného pfirodniho Gtvaru "Husovického kopce”. Stézejni soucasti stavby
VMO Kohoutova je Husovicky tunel probihajici podél Upaii kopee v éasteéne
zastavéném (zemi zminénych tvrti.

STAVEBNI CAST
POPIS PROSTOROVEHO RESENI HUSOVICKEHO TUNELU

V nadloZi tunelu se nachdzeji plvodni komunikace a dale plochy vefejné zele-
né. VySka nadlozi tunelu je nepatrna a konstrukce komunikaci jsou ulozeny pfi-
mo na stropni desce tunelu.

Navrhové rychlost pro trasovani komunikaci v tunelu s ohledem na zadavaci
prostorové padminky je 60 km/hod. Smérové tvofi trasu tunelu prakticky v celé
délce dva protisméme oblouky o poloméru 180 m, sklon nivelety vozovek v tune-
lu je v rozmezi 3,17-4,50 % phi klesani smérem k Husovicim. Viastni tunel ma
délku 582 m a tvoff jej dvé samostalné tunelové trouby, propojené na dvou mis-
tech Unikovymi otvory. Navazujicimi sougastimi Jsou dvé, vné umisténé kabelové
komory, z nichZ jedna je propojena priichozi technickou chodbou s budovou veli-
nu.

GEOLOGICKE POMERY V OBLASTI TUNELU

Trasa lunelu se nachazi v oblasti brnénského masivu, tvofeného zde granodi-
ority v trovni cca 10 - 20 m pod povichem terénu. Nad toto podlozi vystupuji
v €asli trasy neogenni sedimenty a nad nimi, resp. ve zbyvajici éasti pfimo nad
skalnim podlozim jsou sprasové hliny. Dale jsou v tomto prostoru navazky, a to
v misté byvalého zafezu zrusené zelezniéni trati Bro - Tisnov. Hiadina podzem-
ni vody je nad neogennimi jily a granodiority a je tedy dostatecné hluboko pod
niveletou vozovky v tunelu, )

PRIPRAVA STAVENISTE

Vizhledem k charakteru Gzemi byla viastni stavba tunelu znadné ztizena exi-
stenci velkého mnoZstvi padzemnich inzenyrskych siti, které bylo nutno z dotce-
ného prostoru vymislit provedenim prelozek. Byly to vadovadni fady, kanalizace,
plynovody, kabelové trasy VN i NN, telefonni kabely a kabely vefejného osvétle-
ni véetné téles, coz predstavovalo cca 30 stavebnich objektl. Nejobtiznéjsi
z nich byly prelozky zasobovacich vodovodnich fadi DN 500 a DN 800 mm, kie-
ré jsou nyni vedeny v samostatné technické chodo& podél rubu tunelové stény,
kde i v pripadé jejich havarie nezpiisobi nucenou uzavirku tunelu.

Mimo prelozek inzenyrskych siti bylo v souvislosti se slavbou tunelu nutno
provest zajisténi stability budov vysokoskolskych koleji J.A.Komenského, nacha-
zejicich se v tésné blizkosti tunelu. Jednd se o 3estipodiazni nepodskiepené
objekly, zaloZzené na pasech z prostého betonu, jejichz zaklady bylo nutno pod-
chytit mikropilotami a kotvami.

NOSNE KONSTRUKCE HUSOVICKEHO TUNELU

Vzhledem k malé hloubce nivelety pod terénem byly zakladni nosné kon-
strukce lunelu navrzeny a provedeny z povrchu terénu hloubicimi metodami
a pouze odstranéni vnitinich jader zeminy v obou tunelovych troubéch bylo pro-
vedeno metodou strojniho tézen (razeni) pod ochranou provedenych konstruk-
cl. Svislé nosné Casti tunelu tvofi podzemni stény, plvodné navrzené jako mono-
litické, ale rozhodnutim vy$siho dodavatele stavby byly zménény na prefabriko-
vané. Toto rozhodnuti se ukazalo jako spravné a krome zlepSeni priéného uspo-

INTRODUCTION

A further section of the big municipal road circle (BMRC) was set into operati-
on in December 1998 by completing the structure “BMRC - Kohoutova” which is
a part of the basic communication system of the Brno City, with the aim to ensu-
re a quicker and more comfortable road transport connection of the eastern and
northem suburbs. The completed section has not had an operational continuity
yel,but another structure linging to this section has been started this year. The
alignment of the circle in the lecation in question was based upon an approved
study, with emphasy put on improvement of the environment in the vicinity of exis-
ting roads in Cerna Pole and Husovice districts, and on minimising the interfe-
rence to a protected naltural formation of the "Husovice hill". The most important
part of the BMRC - Kohoutova structure is represented by the Husovice tunnel
passing along the foot of the hill in a partially built-up territary of the said districts.

CIVIL PART
DESCRIPTION OF THE HUSOVICE TUNNEL DESIGN

Above the tunnel there can be found original roads and also areas of the pub-
lic greenery. The depth of the tunnel overburden is negligible and the road struc-
tures are situated just on the tunnel deck.

The design speed, used for development of the alignment of the road tunnel,
with respect to the ordered space -related conditions, is 60 kmph. As lo the direc-
tion, the alignment is within its whole length formed by two reverse curves of the
radii equal to 180 m. The vertical alignment of lunnel roadways is within 3.17 to
4.50 per cent in the slope down lowards Husovice. The tunnel proper is 582
m long and it consists of two independent tunnel tubes, interconnected in two
places by means of escape openings. Two cable chambers, situated outside, are
linked to the tunnel. One of them is interconnected with the control center by
means of a technical corridor of transit.

GEOLOGICAL CONDITIONS IN THE TUNNEL AREA

The lunnel runs through the area of the Brno massil, formed by granodiorites
in the level of about 10 to 20 m under the ground. Neogene sediments are abo-
ve the bedrock in this parl of the route. These sedimenis are covered by loess
clays there, while in the remaining part loess clays lay directly on the bedrock. In
this space there take place man-made fills, viz in the area of the former cut of the
cancelled railway track Brno - Tisnov. The water table is over neogene clays and
granodiorites, and it is sufficiently deep under the roadway in the tunnel.

SITE PREPARATION

With respect to the territory charactler, the tunnel consltruction proper was con-
siderably more difficult due to the existence of many underground engineering
networks which had to be relocated. It concerned water lines, sewerage, gas
lines, HV and LV cable lines, telephone cables and cables for public illumination
including Mumination fixtures which represented about 30 individual works. The
most difficult of them was the relocation of DN 500 and DN 800 mm water mains
which are now placed in an independent technical corridor along the rear side of
the tunnel wall, where they cannot cause a forced tunnel closing, even in case of
their breakdown.

Besides the relocalion of engineering networks, it was necessary, in connecti-
on with the tunnel construction, fo secure the stability of the J.A.Komensky
University hostel buildings, situated in the direct vicinity of the tunnel. The six-flo-
or basementless buildings, founded on plain concrete strips, had to be under-
pinned by micropiles and anchors.

BEARING STRUCTURES OF THE HUSOVICE TUNNEL

With respect to a small depth of the alignment under the ground, the main bea-
ring structures of the tunnel were designed and performed from the surface by
a cul-and-cover method, using diaphragm walls and a top-down process of con-
struction, i.e. excavation of the soil cores carried out under the cover of completed
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§i pracnost a zejména hladkost licnich stén tunelu bez nutnosti dodatecného zfi-
zovani tenkosténnych obkladnich konstrukei. Strop tunelu tvofi monolitick4 spo-
jita Zelezobetonova deska, ktera je kloubové ulozena na vSech tfech podzem-
nich sténach.

Protoze v dobé zpracovavani realizaéni dokumentace vznikla polemicka dis-
kuse o statickem chovani celého konstrukéniho systému tunslového osténi s riiz-
nymi vysledky sedani tunelovych stén, byly vKrobeny dva zkusebni sténové
panely a osazeny do dvou z geologickeho hlediska charakteristiclz’ch mist a byl
provedeny modelové zatézovaci zkousky. Ty prokazaly malé sedani a doslateg
nou Unosnost sténovych prvki bez nutnosti spodni rozpéry pod vozovkou.
V obou tunelovych rourach je tedy b&Zna konstrukce vozovky, stejné skladby
jako na piilehlych tsecich VMO.

ZPUSOB PROVADENI

Stény: Mezi vybetonovanymi vodicimi zidkami se do hloubenych ryh (paZenych
jilovo-cementovou suspenzi) osadily postupné panely jednotlivych stén. Byl zvo-
len modul panell 2,0 m, tioustka 40 cm. Panely jsou kladeny na sraz k sobé, pfi-
¢emz z pulvalcovych prohlubni v bocich panelt venikne vélcova dutina. Ta je
vyplnéna dutym pryzovym profilem, ktery po zainjektovani pusobi jako zamek
a souc‘.asnég’ako tésnici prvek.

Strop: Po céastecnem odstranéni vodicich zidek a urovnani terénu se proved
podkiadni beton s dokonale upravenym a separaénim natérem opatienym povr-
chem. Na ng| se provadeéla betonaz stropni desky. Délka dilataénich celkd je 40
m, tloustka je promeénnd (krajni - rozsifené - dilataéni celky jsou tustsi), a pohy-
buje se od 50 do 125 cm.

Hydroizolace: Vzhledem k hydrogeologickym podminkam je pladtova izolace
pouze na stropni desce. Na vnéji stény je pretaZena jen 1,5 m pod vrch desky
- k trativodu, ktery probiha podél obou vnéjSich tunelovych stén. |zalace desky je
chrdnéna vrstvou asfaltobetonu. lzolaéni viastnosti stén zajistuje jednak kvalita
prefabrikatd, jednak vrstva jilovo-cementové suspenze z vngjsi strany. Mezi
panely utésiuje sparu jiz vyse zminény pryzovy profil.

Odtézeni vnitinich jader: Postupng, tak jak probihala z obou stran betonaz
stropni desky, byla odtézovana v obou tunelovych rourdch zemina. Nasledovalo
docisténi stén od suspenze a stropniho podhledu od zbytkt podkladniho betonu,
Zde byly jisté problémy s jeho separaci - podle pouZitého separacniho natéru, se
kterym se v pribéhu praci experimentovalo.

Odvodnéni, vozovka, chodniky: Po vybudovani kanalizace a priénych spojo-
vacich kabelowych kanalll zapoéaly hned préace na konstrukei vozovky. Ta se pii
realizaci rovnéz zménila.Plvodné se v lunelu poditalo s betonovou deskou, kle-
ra méla pinit rozpémou funkel krajnich tunelovych stén. Na ni pak mé! byt pfimo
proveden dvouvrstvy Zivicny koberec tloustky 2x60 mm. Dale pak byly vybudo-
vany podéiné kabelovody a nad nimi oboustranné sluzebni chodniky,

Portaly a kfidla: Severni (kolmy) i jizni (5ikmy) portél jsou stejného tvaru i kon-
strukce (valcova plocha s piedsazenou stfigkou) - podie architektonického névr-
hu. Vlastni vélcove plochy byly provedeny z monolitického betonu, nosné zebra
a stiiky pak byly vyrobeny jako prefabrikaty.

Kridla byla pavodne vyprojektovana jako monoliticka a tak se laké ;Jrovedia na
obou stranach u jizniho portalu. Na severni strang, kde je délka kiidel znaéné
velsi, provedl dodavatel z divodu obtiZzneho provadéni betonaZe zménu kon-
strukce. Byly vyrobeny atypické prefabrikaty obdobné konstrukce jako u tunelo-
vych stén (vyuziti forem), které se osadily na pfipraveny monoliticky zaklad,
Jejich stabilita je zajiSténa dobetonovanymi monolitickymi Zebry na rubové stra-
né kfidel.

o, |
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Obr. 1: Podatek odtézovaci zeminy u portalu
Fig. 1: Beginning excavation at the portal

decks. Vertical bearing parts of the tunnel are formed by diaphragm walls original-
ly designed as monolithic ones, eventually, on the basis of the main
contractor's decision, re-designed as prefabricated walls. The said decision sho-
wed to be good, and, besides improving the cross sectional arrangement ( the sub-
ller structures meant a larger resetve of the width), it resulted in lower quantity of
work invested, and in a smoothness of tunnel wall faces above all, without a neces-
sity of any additional thin-walled lining structures. The tunnel deck is formed by
a monolithic reinforced concrete continuous slab hinged on three diaphragm walls.

As in the time of preparation of the final design there took place a polemic on
the static behaviour of the whole structural system of the tunnel lining, affected
by differential settlement of tunnel walls, two testing wall panels were manufac-
tured and installed into two geologically characteristic places. Then model loa-
ding tesls were performed which proved a small seltlement and a sufficient bea-
ring capacily of the wall elementis without a necessity of a bottom bracing under
the roadway. In both tunnel tubes, there ftakes place a usual roadway structure
of the same composition as in adfacent sections of the BRMC.

REALIZATION METHOD

Walls:

The panels of individual walls were installed consecutively into excavated tren-
ches between concrete guide walls. There was chosen a panel modulus of 2.0
m, thickness 40 ¢rn. The panels are installed in a manner creating butt joints with
cylindrical hollows consisting of two semi-cylindrical grooves in the sides of the
panels. The said hollows are filled with hollow rubber profiles which, after grou-
ting, functions as a lock and simultaneously as a gasket.

Roof slab:

After partial removing of the guide walls and after the _?round leveling, there was
spread a blinding concrete course having a perfectly leveled and smooth surfa-
ce, provided with a separation painting. Onto it there was made concreting of the
roof slab. The length of expansion blocks is 40'm, thickness is variable (the enfar-
ged side expansion blocks are thicker), and it varies from 50 to 125 cm.
Damp-proofing:

With respect to hydrological conditions, the insulation jacket is only on the deck.
On the outside walls, it only overlaps 1.5 m under the top of the deck - down to
the drainage which passes along the external tunnel walls. The roof insulation is
protected by an asphalt concrete f?yer. The insulaling properties of the walls are
secured both by the quality of prefabricated elements and by the external layer
of clay-cement slurry. The joint between panels is sealed by means of the abo-
ve mentioned rubber profile.

Excavation of the soil cores:

Siep by step, as the concreling of the roof slab from both sides was performed,
there was excavaled the soil in both tunnel tubes. Final cleaning of walls surface
from the slurry, and of the base of the roof slab from sticking pieces of the blinding
concrete followed. There were certain problems with its separation - depending on
the separation coat material used in the experiments run in the course of the work.
Drainage, roadways, pavements:

The work on the slructure of the roadway siarted immediately after the sewera-
ge and cross connecting cable channels had been completed. The roadway
structure was also changed during the realization, Originally there was supposed
lo apply a concrete slab which was to be in the function of the lunnel side walls
bracing. Onto it there was to be made directly a double layer bituminous carpet,
being 2 x 60 mm thick. Afterwards there were constructed longitudinal cable
ducts on both sides and over them service pavements.

Portals and wing walls:

The northern (perpendicular) portal and the southern (oblique) one are of the
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Findlni upravy povrchi: Bylo v prvni fadé nutno opravit rizna poskozeni (vry-
py), vznikla pfi téZbé zeminy zejména na stropni desce. k opravam byly pouzity
stérkové hmoty "Structurite HB" a "Thoroseal 200", V8echny pohledove betono-
vé plochy pak byly opatfeny zakladnim i krycim natérem "Ecolor". Spary mezi
sténovymi panely jsou vypinény trvale pruznym tmelem.

SLEDOVANI DEFORMACI

Vzhledem k ménicimu se geologickému profilu v pribéhu celé délky tunelu
bylo rozhodnuto sledovat pfipadné sedani a deformace hotového dila, S timto
sledovanim bylo postupné zapocato po odtéZeni zeminy, kdy dosle k aktivaci
stropni desky a svislych stén a probihalo az do konce stavby. Posuzovana byla
stabilita pficného tvaru konvergenénimi méfenimi a sedani tunelovych stén pres-
nou nivelaci. Dosavadni vyhodnocené vysledky méfeni jsou piiznivé, dalsi mére-
ni bude provedeno po priblizné pUlroénim provozu a na zakladé jeho vysledkl
budou sprévci objektu doporuceny pfipadné dalsi intervaly pfesného sledovani
deformaci.

TECHNOLOGICKA CAST

Mésto Brno mé& zpracovanu ucelenou koncepci fizeni tunelll na tzemi mésta.
V soucasné dobé se jedna o fizeni tunelu Pisarky a Husovického tunelu a v dal-
8i etapé vystavby budou pfipojeny dalsi dva tunely. Vzhledem k Uspofe provoz-
nich nékladi se pfedpoklada, ze viechny lokalni veliny u tunel(l budou bezob-
sluzné, a ze fizeni a monitorovani technologické &asti tuneld zajisti Centralni
tunelovy dispecink Brnénskych komunikaci, jehoZ vystavba bude dokoncena
v letodnim roce. Rizeni obou tuneld zajistuje jiz dnes PCR z centrdly situované
na Kounicové ulici.

RIDICI SYSTEM

Hlavni ¢ast fidiciho systému véetné procesoru je umisténa v prostoru velinu,
vzdalené moduly vstupl a vystup( jsou umistény v rozvodnych komorach RK1
a RK2 hned vedle vlastniho tunelu. Tim jsou dosazeny Uspory v kabelovém pro-
pojeni. Vstupy a vystupy jsou uréeny pro pfipojeni technologie tunelu, dopravni
signalizace, zabezpedovacich zafizeni a zafizeni k méfeni, fizeni a vyhodnoco-
vani dopravni situace v tunelu. Je zde opét pouzita technologie General Electric-
Fanuc, jako ve Strahovském tunelu a tunelu Hrebeé.

Styk operatora se systémem zajistuji tfi pracovni stanice firmy HP Vectra, kte-
ré jsou propojeny do sité WAN. V lokalnim velinu jsou pouZity dvé, jedna pro
technologickou a druha pro dopravni ¢ast, a na pracovisti PCR vzdaleném cca
6 km je stanice uréena pro fizeni dopravy. Obé pracovisté pro fizeni dopravy si
mohou mezi sebou pfedavat fizeni tak, Ze jedna je fidici a druha je podfizena.
Komunikaci mezi veliny se podafilo nasazenim vykonné vypodetni techniky zaji-
stit prostfednictvim stavajicich koordinaénich kabeld.

Vlastni programové vybaveni je zaloZeno na bazi operacniho systému
Windows NT a specialniho programu pro fizeni tuneld vyvinutého Eltodo, a.s.
pod nazvem KERBERUS®. Tento produkt odpovida nasim normam a technic-
kym podminkam TP98. Z piikladu obrazovky, obr. 4, pro fizeni dopravy je patr-
né, Ze se jedna o uzivatelsky orientované prostfedi.

ZAKLADNi TECHNOLOGICKE CELKY

Osvétleni: Osvétleni v tunelu Kohoutova je déleno na zakladni, nahradni
a najezdové. Pro fizeni osvétleni podle intenzity osvétleni vné tunelu se u namé-

same shape and structure (a cylindrical area with a short canopy) according to
an architectonic design. The cylindrical surfaces proper were made of monolithic
concrete, the supporting ribs and the canopies were prefabricated.

The wing walls were originally designed as monolithic elements and in this way
they were realized on both sides of the southern portal. On the northern side,
where the wing walls length is considerably bigger, the coniractor, due o a diffi-
culties with concreting, made a change of the structure. There were manufactu-
red alypical prefabricated elements of an analogous structure as for the tunnel
walls (utilization of the formwork), which were installed on the prepared monolit-
hic foundation. Their stability has been secured by monolithic concrete ribs joi-
ning the rear side of wing walls.

Surface finishes:

In the first place it was necessary to repair various damages (scratches), arisen
during the soil excavation, especially on the deck. For repairs there were applied
trowel-grade compounds "HB Structurite” and “Thoroseal 200", All visible concre-

te surfaces were then provided with an undercoat and a top coat of the "Ecolor”
paint. Joints between wall panels are filled with a permanently elastic putty.

MONITORING OF DEFORMATIONS

With respect to the changing geological profile along the total tunnel length, it
was decided to monitor an eventual settlement and deformation of the comple-
ted work. This monitoring was commenced gradually after the soil was excava-
ted, when the deck and the walls started to be activated and continued to be up
to the end of the construction. There was also evaluated the stability of the cross
section shape by means of tunnel convergence measurement, and the settle-
ment of the tunnel walls by means of an accurate levelling. Till now, the inter-
pretted results of the measurement are acceptable, further measurement shall
be performed after about a half-year operation, and on the basis of its results,
further intervals of accurate deformation monitoring shall be recommended to the
administrator of the structure, if needed be.

TECHNOLOGICAL PART

The Brno City has a complete conception of the tunnel control in the territory
of the town elaborated. These days there is discussed the control of the Pisarky
and Husovice tunnels. In the next stage of construction two further tunnels shall
be connected. With respect to the operational cost saving, it is supposed that all
local control rooms will be operated automaticly and that the control and monito-
ring of the technological part of the tunnels shall be ensured by the Tunnel
Supervisory Center of Brno Roads, the construction of which shall be completed
within this year. The control of both tunnels is now ensured by the police from the
Control Centre situated in Kounicova Street.

CONTROL SYSTEM

The main part of the control system, including the processor, is situated in the
control room, the remote moduli of inlets and outlets are situated in distribution
chambers RK1 and RK2 just beside the tunnel proper. In this way there are achi-
eved savings in the cable interconnection. Inlets and outlets are designed for
connecting the tunnel technology, for the traffic signalling, for the fire protection
and monitoring equipment controfling and evaluating the traffic situation in the
tunnel. There is applied the General Electric-Fanuc technology again, as in the
Strahov and the Hfebe¢ tunnels.

The operator's contact with the system is ensured by three working stations of

Obr. 2: OdtéZovani pod stropem
Fig. 2: Ecxavation under the ceiling
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fenych hodnat intenzity osvétleni vyhodnocuji klouzavé praméry & pro zapinani
a vypinani se vyuZiva hysterezniho pasma. Zakladni a nahradni osvétleni je
umisténo podel kazde tunelové trouby a fidicf systém zajistuje jejich vypinani bud
podle intenzity osvétieni pied tunelovou Iroubou nebo podle casovace. Oviadani
tohoto osvetleni Ize take provadét povely operdtora dalkové ruéné. Na viezdech
do tunelovych trub je umisténo najezdové osvétleni, kleré prizpiisobuje intenzitu
osvétleni na zacatku tunelové trouby k osvétleni pred partalem, aby se stagil pfi-
zpUsobit zrak fidice po viezdu do tunelové trouby snizené intenzité osvétleni
uvnitf tunelu. Najezdové osvétleni je fizeno v Sesti slulpnich bud' pomoci fidiciho
systému podle intenzity osvétleni pred nékterou tunelovou troubou nebo &aso-
vate, pifpadné povelem operatora daikové ruéné. Kromé toho |ze ovladat vSech-
ny druhy osvétleni pfi servisnich pracich mistné piimo z rezvadéce. Ridici systém

21 000 mm
10 300 10300

2 - (i
r 200 |
Ulice Kohoutova

Kohoutova Street

9700

Obr. 3
Vzorovy priény fez
Cross section

the firm HP Vectra which are interconnected with the network WAN. In the local
control room there are applied two of them, one for the technological part and the
other one for the traffic par, and on the police working site, in the distance of
aboul 6 km there is a station determined for the traffic control. Both working sites
for the traffic control can transfer the control mutually in such a way that one of
them is the main station and the other one is the subordinated one. The com-
munication between the control rooms was ensured by applying an effective
computer technology by means of existing coordination cables.

The software used is based on Windows NT operation system and on a spe-
cial software for the tunnel control, developed by Eltodo, a.s., under the name
KERBERUSE. This product corresponds with our standards and TP 98 technical
conditions. The example of a monitor for the traffic control, Figure 4, shows that
it concerns a user oriented environment.

BASIC TECHNOLOGICAL UNITS

lllumination:

The illumination in the Kohoutova tunnel is divided to basic illumination, spare and
entry ones. To control the illumination with respect to the light intensity outside the
lunnel, there are evaluated averages of measured values, and for switching on
and off there is applied the hysteresis zone. The basic and spare illumination is
situated along each lunnel ube, and the control system ensures their switching
off either with respect fo the illumination intensity in front of the tunnel tube, or by
means of a timer. The illumination can be also controlled by commands of the
operator, viz. manually in a remote way. In the treshold and transition zones of
tunnel tubes there is situated the entry illumination which adapts the intensity at
the beginning of the tunnel tube to the illumination in front of the portal, so that the
driver's eyesight can adapt, after entering the tunnel tube, to the decreased ligh-
ting level inside the tunnel. The entry lighting is controlled in six levels either by
means of a control system according to the light infensity in front of any tunnel
tube, or by means of a timer, eventually by a command of an operator, performed
manually in a remote way. More over, it is possible to control all kinds of illumina-
tion during service works locally just from the switchboard. The control system
also monitors operational hours of the individual illumination sections. If any of the
sections has a defect, said defect is logged graphically in the book of defects. The
basic and spare illumination is automaticly switched on, if fire in the tunnel tube
oceurs, unless itis in the regime of a manual remote or local control.
Ventilation:

Ventilation of tunnel tubes is solved as a longitudinal one. The number of fans
was determined with respect to the supposed traffic density and to required hygi-
enic limits. For the ascending tube there are applied six fans of 15 kW and six of
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Obr. 4: Pfehledové schéma dopravniho systému. Kromé nastaveni znacek umoziiuje levé okno dole volit dopravni rezimy a pravé okno dole zobrazuje aktudini poruchové

stavy.

Fig. 4: Survey design of a traffic system. Besides setting up signs, the window placed left below makes it possible to choose traffic regimes, and the window placed right

below shows actual traffic troubles.
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také sleduje provozni hodiny jednotlivych sekci osvélleni. Pokud néktera ze sek-
¢i ma poruchu, je tato porucha indikovana graficky a v deniku poruch. Zakladni
a nahradni osvétlen pfi vyhl&Seni pozaru v tunelové troubé se automaticky roz-
sviti, pokud neni v rezimu ruéné dalkové nebo mistné.
Vzduchotechnika: Vétrani tunelovych trub je feSeno jako podéiné. Pocet venti-
lator(i byl uréen podle predpokladaného dopravniho zatizeni a pozadovanych
hygienickych limitd. Pro stoupajici troubu je pouzito $est ventilatord 15 kW a Sest
7.5 kW. Ventilatory jsou vyrobeny v ZVVZ Milevsko. Ridici systém umoziuje
ovladat tyto ventilatory bud dalkové ruéné jednotlivé ¢i po skupinach nebo auto-
maticky ve dvou stupnich vétrani podle sledovanych parametrl, kterymi jsou
koncentrace CQ, opacila, smér a_rychlost vétru uvnili a vné.
SOS hlasky a videodetekce: Ctyfi nouzové vyklenky v tunelu nebo hlasky
mimo tunel umoZziiuji dispederovi navazat telefonické spojeni s osobou v nouzi,
pfi vzniku mimofadné udalosti. Kromé toho je vyklenek vybaven tladitky policie,
pozar, prvni pomoc a odtahové vozidlo. Pfi aktivaci nouzového vyklenku se akti-
vuje také kamera, ktera ma tento vyklenek v zorném poli a snimany obraz se
zobrazi na monitoru.
Pro videodohled je instalovano 18 kamer, z nichz dvé, na viezdech do tunelu,
jsou nastavitelng barevné a jejich obraz plynule nastavovat véetné prednastave-
nych thli pohledu. Ovladani kamer se provadi povely operétora prostiednictvim
fidiciho systému. Ostatni kamery jsou éernobilé a pevné nastavené. Obraz na
kazdém monitoru je nahravan na videomagnetofon
Pozarni zabezpeceni: Tunel je vybaven pozdmimi hiasici a liniovym pozamim
senzorem ve lvaru kabelu. Primarni pfipojeni poZarnich hlasicl a pozamiho
kabelu je provedeno k pozami Ustfedné firmy Schrack. Ta je pak propojena
komunikaéni linkou s fidicim systémem, takze pii vzniku pozéru je automaticky
aktivovana obrazovka s piislusnymi pokyny.
Dopravni systém: Rizeni dopravy je realizovano pomoci proménnych doprav-
nich znacek, informacnich tabuli a do fizeni je integrovana i svételne fizena kii-
Zovatka na vjezdu do tunelu. Vzhledem K jeji relativni blizkosti je kromé stan-
dardniho monitorovani dopravy pomoei indukénich smyéek modelovano i pripad-
né vzduli vozidel od S5Z do tunelu, které by mélo za dlisledek napf. spinani ven-
tilace.

Pfednastaveni dopravniho znaeni umoziuje operatorovi pfedem nastavit
nékolik signalizaénich zafizeni a potom je najednou zapnout jedinym povelem.
Dopravni znagky a signalizaci Ize nastavovat i ru¢né.

ZAVER
. Cela stavba byla budovana éeskymi firmami. Generalnim dodavatelem bylo
ZS Brno a.s., dodavatelem fidiciho systému bylo Eltedo, a.s.. Vystavbou
Husovického tunelu byl predan verejnosti jiz étvrty tunel na pozemnich komuni-

kacich dokondeny po roce 1990. Lze konstatovat, Ze je v nasi republice vytvore-
no pfiméfené know-how, kieré pomaha realizovat tunely bez zvlastnich problé-

md.
Stavba tohoto rozsahu nebyla doprovazena ¢asovymi skluzy ani mimoradny-
mi udélostmi, coz svédéf o doslatecné erudici vSech dodavatell. Celkové rozpo-
Stove naklady jsou cca 804 mil. K&, z toho technologie tvoif éast cca 100mil. KE.
Dilo bylo pfedano do majetkové spravy Reditelstvi silnic a délnic a spravu a Udri-
bu zajistuji Brnénské komunikace, a.s. prostfednictvim Eltodo Brno s.ro.
Vzhledem k tomu, Ze jsou sledovany a archivovéany veskeré provozni naklady
bude mozné vyhodnotit velmi pfesné i naklady na provozovani tunelu tohoto

typu.

7.5 kW. The fans have been manufactured in ZVVZ Milevsko. The control sys-
tem makes it possible to control said fans either manually in a remote way indi-
vidually or by groups, or automaticly in two ventilation levels according to moni-
fored parameters, which are represented by the CO concentration, opacity, wind
direction and its velocity inside and outside the tunnel tube.

SOS calling places and video detection:

Four emergency recesses in the tunnel or calling places outside the tunnel make
it possible, for the traffic supervisor to make a phone call with a person in a dist-
ress, if an extraordinary event takes place. More over the recess is provided with
push-buttons: police, fire, first aid and breakdown truck. If the emergency recess
is activated, a camera which is directed to the emergency recess, is activated
too, and it represents the taken picture on a monitor.

For the video monitoring there are mounted 18 cameras, two of which are situa-
ted at the eniries to the tunnel,they are adjustable, colour type, and the cameras
can be smoothly set up, including presetting up of angles of view. The camera
control is realized by operator's commands through the control system. Other
cameras are black and white, fixly set up. The picture of each monitor is registe-
red by means of a videorecorder.

Fire protection:

The tunnel is equipped with fire detectors and line fire sensor being of a cable
form. The primary connection of fire detectors and of the fire cable is carried out
lo the fire telephone exchange of the firm Schrack which is connected by means
of a communication line to the control system. In this way, if the fire appears, the
monitor is automaticly activated by means of respective instructions.

Traffic control system:

The lraffic control is realized by means of variable traffic signs, message signs,
and into the system there is integrated even the traffic lights controlled crossing
al the tunnef entry. With respect lo its relative proximity there is modelled, besi-
des a slandard traffic monitoring, by means of inductive loops, even the eventu-
al very high density of cars to the tunnel, which could cause e.g. the ventilation
switching on.

The presetling up of traffic signs makes it possible for the operalor to set up in
advance several signalling devices and then to swilch on them by a single com-
mand. The traffic signs and the signalling can be set up manually too.

CONCLUSION

The whole structure was built by Czech firms, ZS Brno a.s. was the General
Conlractor, Eifodo a.s. was the supplier of the control system. By completing the
consiruction of the Husovice tunnel, there has been handed over to the public
already the fourth road tunnel completed after the year 1990. It may be stated
that in our republic there has been formed an adequate know-how which helps
to realize tunnels without particular problems.

The structure of said extent was accompanied neither by time delays nor by
extraordinary events, which proves a sufficient experience and qualification of all
contractors. Total budget costs amounted to about 804 mil. CZK, of which the
technological part amounts about to 100 mil. CZK. The whole work was handed
over into the property administration of the Road and Motorway Directorate, the
administration and maintenance shall be performed by Brménské komunikace,
a.s. through Eltodo Brno s.r.o.

With respect to the fact that all operational costs have been monitored and
filed, it will be possible to evaluate exactly even costs for the tunnel operation of
such a type.

Obr. 5: Pracovisté policie uréené pro fizeni tunelu Husovice je vybavené potitatovym terminalem a TV monitory. Veskeré fidici funkce, véet-
né ovladani kamer se realizuji prostiednictvim obrazovek pocitade.

Fig. 5 The working site of the Police determined for controliing the Husovice tunnel is equipped with a computer terminal and TV monitors.
All control functions, including the control of cameras are realized by computer monitors.
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VYUZITI TECHNOLOGIE AT-SYSTEM
V PODZEMNIM STAVITELSTVI

UTILIZATION OF THE AT-SYSTEM TECHNIQUE
IN UNDERGROUND CONSTRUCTION

DIPL. ING. JOSEF MOCIVNIK, ALWAG-TECHNO, AUSTRIA
ING. TOMAS ZDRAZILA, CARBOTECH BOHEMIA, OSTRAVA, CZECH REPUBLIC

1. UVOD

S postupem stale rozvijejictho se odvétvi vystavby podzemnich a podpovr-
chovych staveb jsou realizatory staveb vyhodnocovany technické podminky
vystavby a hledany nové systémy provedeni pracovnich operaci spojenych
s dosazenim zvySeni kvality, G¢innosti, bezpecénosti a snizeni nakladl pii jejich
realizaci.

Jednou z dllezitych operaci pfi vystavbé podpovrchovych staveb je podchy-
ceni a zpevnéni horniny v okoli provadéného dila a moZnost okamZité reakce na
zmény geologickych podminek.

Technologie AT-systém umoziuje provadét vriné prace v nesoudrznych hor-
ninach se soucasnym zatahovanim vypaznice v zavislosti na vykonu a typu vrta-
ciho kladiva az do délky cca 100 m a priméru 60 - 435 mm.

AT-systému je pouzitelny pro kazdy standartni vrtaci stroj s rotaéné pfiklepo-
vym vrtanim a to, jak pro vnéjsi vrtaci kladiva, tak i pro ponorna vrtaci kladiva.

Dominantni charakteristikou AT-systému je Siroké vyuZiti vypaznicovych tru-
bek, které svym nasazenim preduréuji pouZiti technologie v nékolika oblastech
podzemnich staveb a spolu s vrtaci jednotkou tvoif Uplné a ucelené systémové
feseni

Obr. 1: Rozsah pouziti
Fig. 1: Scope of utilization
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1. INTRODUCTION

In the course of the permanent development of underground and subsurface
construction, both the owners and contractors assess and evaluate the technical
conditions of building and develop new systems and methods of work operations
enabling them to achieve higher levels of quality, effectiveness, and safety as
well as to reduce operational and other costs.

One of the important works performed usually during construction of subsur-
face structures is underpinning and reinforcement of the rocks in the vicinity of
the work site, with the possibility to react instantaneously to changing geological
conditions.

The AT-system technique allows to drill in non-cohesive rocks simultaneously
with installation of casing pipes up to the length about 100 m and diameters vary-
ing from 60 to 435 mm, depending on the production capacity and type of the dril-
ling machine used.

The AT-system can be used for any standard rotary-percussive hammer drill,
eithet fixed on the feed or operated in the borehole.

Utilization of a wide range of casing pipes is considered as the most important
characteristics of the AT-system as the type of casing pipes predetermine, in

Obr. 2: Schéma vriné &asti
Fig. 2: Drilling section chart




Obr. 4: Zadni vedeni
Fig. 4: Rear guide

Qbr. 3: Predni variabilni vedeni
Fig. 3: Variable front guide

2. OBLASTI VYUZITi A NASAZENI AT- SYSTEMU )
V PODZEMNIM A PODPOVRCHOVEM STAVEBNICTVI

A. Kotveni - provedeni stalych kotev

- provedeni docasnych kotev
B. Zajistén( stability podzemnich dél - ochranné destniky
- provedeni mikropilot

C. Injektaze - systém injektaznich trubek

D. Odvodnovaci vrty - systém drenaznich trubek

3. STRUCNA CHARAKTERISTIKA

Jak jiz bylo v vodu nastinéno, umoZiuje AT-systém provedeni vyvrtll a sou-
¢asné zavedeni vypaznicové trubky v nestabilnich horninach. V zavislosti na
pozadovaném priméru provadénych vrtll umoziuje technologie AT-systému
provést vrt se zajisténim vypaznici, jak s vnéjsim vrtacim kladivem umisténym na
lafeté vrtaciho vozu, tak i s ponornym kladivem. Rozsah pouziti technologie AT-
systému dle zvoleného typu vrtaciho kladiva je uveden na obr.¢.1.

Po provedeni systému vyvrtd zajisténych vypaznici je v navaznosti na zpra-
covany technologicky postup dale mozno provést dalsi pracovni operaci - prove-
deni tlakové injektaze a stabilizaci horninového prostiedi.

3.1. PRINCIP VRTNE CASTI

Zakladnim prvkem AT- systému je délend centricka korunka, které se sklada
ze dvou Casti. Roubikova pilotni korunka a obrysova korunka vrta vyvrt, nepatr-
né vétsi nez je vnéjsi primér vypaznicové trubky, tak aby bylo umoznéno sou-
Casné zatahovani zvolené vypaznicové trubky.

Pilotni korunka provadi az 80% vrtaci prace a dil energie narazu se pfevadina
obrysovou korunku. Cilenym uspofadanim vyplachovych a zpétnych kanalku se
dosahne efektivniho odtéZeni drté. Toto inovaéni uspofadani zaruéuje vysoké
postupy.

Po dosazeni vyvrtu na stanovenou hloubku je ve vyvriu pravotocivym pohy-
bem vrtné kolony demontovéna obrysova korunka, ktera z(istava ponechdna na
dné vyvrtu. Po demontaZi obrysové korunky je Upiné vrtné soutydi, véetné pilot-
ni korunky, vytazeno z vypaZznicové trubky, ktera ziistava ponechdna ve vyvitu
k jeho zajisténi.

3.2. POPIS VRTNE CASTI (obr.¢.2)
1. Pilotni korunka - specialné vyvinuta korunka, pfes niz se Gast energie
Uderu pfenasi na obrysovou korunku, pfip. ndraznik
- jejim dkolem je vyvrtat prostor pro sou¢asné tazenou
vypaznicovou trubku. Na zavér vrtaciho procesu je
obrysova korunka oddélena od pilotni a z(stava ve

vyvrtu

2. Obrysova korunka

3. Naraznik - jeho Ukolem je zatahovat vypaznicovou trubku do vrtu
prostrednictvim impulsu pfedaného pilotni korunkou,
4, Adaptér - adaptér umozfiuje spojeni mezi pilotni korunkou

a hvézdicovym vedenim

- zajistuje, Ze i pfi prohnuti vrtného soutyéi nedojde
k vychyleni pilotni korunky

- jeji délka je volena tak, aby ve spojeni s navadécim
soutyéim byl dan odpovidajici pfesah mezi koncem
vypaznicovén trubky a vrtné tyce

- vrtné souty¢i opatfené T-zavitem

5. Hvézdicové vedeni

6. Navadéci roura

7. Navadéci soutyci

Obr. 5: Opérny tmn
Fig. 5: Support pin

several areas of underground construction, which method will be utilized . The
casing pipes, together with the drilling unit, form a comprehensive and integral
systems solution.

2. RANGE OF UTILIZATION OF THE AT-SYSTEM

IN UNDERGROUND AND SUBSURFACE CONSTRUCTION
A. Anchoring/bolting - permanent anchors/bolts
- temporary anchors/bolts
- protective umbrellas
- micropiles
- system of grouting pipes
- system of drainage pipes

B. Stabilisation of underground works

C. Grouling
D. Drainage wells

3. BRIEF CHARACTERISTICS

As outlined above, the AT-system makes the drilling and simultaneous instal-
lation of casing pipe possible in unstable rocks. Depending on the required dia-
meter, the AT-system allows the drilling and casing with the hammer drill moun-
fed either on the feed of the drilling rig, or inside the borehole. The scope of pos-
sible fields of utilization of the AT-system, depending on the type of the hammer
drill, is illustrated on Figure 1.

After completion of the system of cased holes, subsequent working operati-
ons, prescribed by the technological procedure, i.e. pressure grouting and/or sta-
bilization of the rock environment, can be performed.

3.1. PRINCIPLE OF THE AT - SYSTEM

The basic element of the AT-system is the sequential head - a divided centric
boring head consisting of two parts - a pilot head and a contour head, which drills
a diameter slightly exceeding the outer diameter of the casing pipe, thus rende-
ring a simultaneous pulling of selected casing pipes into the borehole,

80% of the drilling is done by the pilot boring head. Part of the impact energy
is transferred to the contour head. Proper arrangement of flushing and reflux
channels enables us to achieve more effective removal of muck. This innovative
arrangement ensures high drilling advance.

After achieving the designed depth of the borehole, the contour head is dis-
mantled by clockwise rotating the drill rod, to be left at the bottom of the boreho-
le. After removing the contour head, the complete drill rod is pulled out of the
casing pipe, that remains in the borehole to provide its stability.

3.2. DESCRIPTION OF THE DRILLING SECTION
1. Pilot drill head - specially designed drill head, transferring part of the
impact energy to the contour head and/or to the buffer.
2. Contour drill head - it drills the space for the simultaneously installed casing
pipe. At the end of the drilling operation, the contour

head is separated from the pilot head and left in the
borehole.

3. Buffer - it pulls the casing pipe into the borehole by means of the
impact impulse transferred by the pilot drill head.
4. Adapter - it provides the connection between the pilot head and

the spider guide.

it ensures that no directional deviation of the pilot head
occurs even though the drill rod is warped.

its length is designed so as to ensure a corresponding
overlap between the end of the casing pipe and the end
of the drill rod at the connection to the guiding drill rod.
a T-threaded drill rod

they have outside and internal threads for joining; grou-
ting valves in a designed spacing can be installed on the
pipes.

5. Spider guide

6. Guiding tube

7. Guiding drill rod
8. Casing pipes
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8. Vypaznicové trubky - pro vzajemné spojeni jsou opatieny vnitinim a vngjsim
zévitem, trubky mohou byt opatieny injektaznimi ven-
tilky v pozadované rozteci

9. ProdluZovaci souty&f - jejich délka je totozna s délkou vypaZnicovych trubek

3.3. UPRAVA VRTACIHO VOZU

Pfi pouziti technologie AT-systému je nutno provést Upravu vitaci lafety.
Pozadavky na pfestavbu lafety bézné pouzivanych vrtacich vozd pro aplikaci
technologie AT-sytému jsou minimalni a zahrnujf provedeni tii nasleduijicich hlav-
nich Uprav provedenych na vrtac lafeté a to ve velmi kratkém ¢ase.

Prestavba lafety zahrnuje: — montaz pfedniho vedeni vypaZnicovych trub
- montaz zadniho vedeni vypaznicovych tub
- opérny trn lafety

3.3.1. Piedni vedeni vypaznicovych trub (obr. &. 3)

Vnitfni prdmér vnéjsi objimky pfedniho veden! vypaZnicové trubky je proveden
0 5-8 mm vétsi nez pouZity primér vypaznicové trubky. Taklo provedené piedni
vedeni je pouZitelné za pfedpokiadu, ze bude pouzivan pouze jeden typ sestavy
vypaznicovych trub. V pfipadé zaméru provadét vyvrly s moznosti volby primea-
ru vypaznicovych trubek je moZno predni vedeni vrtaci lafety upravit variabiinim
vedenim vypaZnicovych trub. Variabilni vedeni vypaznic sestava z vn@j§f objim-
ky a pfechodového Clénku zaméniteiného s pouzitym pramérem vypaznicovych
trub.

3.3.2. Zadni vedeni vypaznicovych trub (obr. &. 4)

Zadni vedeni vypaznicovych trub je namontovano na soubézné vrtaci séné
navijaku hadic na vrtaci lafeté. Toto uspofadani na vodicich sanich je vyuzito pii
demontazi vrtnych ty¢i za pouziti upinaciho kiice vrinych tyél a zp&tného pohybu
vrtaciho kladiva.

3.3.3. Opérny trn lafety (obr. ¢. 5)

Opérny tm pini svou funkei pii stabilizaci a nastaveni sklonu lafety a navede-
ni vriné ¢asti do vyvriu. S takto upravenou vrtacf lafetou Ize provést vivrt s max.
smérovou odchylkou vrtu do 2 %.

3.4. SROVNANI VYKONU

Srovnani vykond (viz obr. €. 8) pfedstavuje porovnani excentrického systému
vrténi (EX) s centrickym systémem vrtani (AT-systém).

Provedené srovnani porovnava Eisty ¢as vrtani ve dvou typech horninovych
podminek za pouZitf vrtactho vozu Boomer pfi provadéni vyvrt s vypaznici pri-
mér 114 dl. 3,0 m.

Poznatky pfi provedeném porovnani obou systémi:

Podstatné kratsi doba k provedeni vyvriu a vytazeni vrtného soutyéi centric-
kym systémem vrtani (AT-systém), dokonalej§i systém odvedeni vriné drté
a vyplachu, jednoduchost technologie.

4. PRAKTICKE VYUZITi

4.1. PRAKTICKE POZNATKY Z NASAZENI VE SVETE

Razantni nastup uplatnéni technologie AT-systém v podpovrchovém stavitel-
stvi je znakem Uspésné se zavadégjici nové metody pouZitelné pfi vystavbé
zejména tunelovych staveb. V soucasné dobé je technologie AT-systém vyuZi-
vana v Rakousku (Zelezniéni tunel na koridoru Videf-Salzburg), ve Slovinsku
(silniénf tunel Golovec u Ljublan&) a zejména pak v Némecku, kde je pouZito
technologie AT-systému na nékolika vyznamnych stavbéch.

Jednou z vyznamnych aktudlnich staveb provadgjicich se v Némecku je
vystavba Zelezniéni rychlodrahy pro vlaky tfidy Inter-City, spojujici vyznamny
dopravni uzel Frankfurtského letiété s metropoli Kolina n. Rynem. Celkova délka
budované rychlodrahy dosahu cca 200 km, z toho celkem 58 km Zelezniéni tra-
té prochdzi soustavou budovanych tuneld.

AT-systém je zde nasazen ke kotveni svahi, provedeni drendinich vrit
a v nejvétsim rozsahu je zde uplatnén systém ochrannych deétniki Eelby budo-
vaného dita (viz obr. €. 7). Zkugenosti provadéjici firmy potvrdily vyznam techno-
logie pouZiti vypaznicovych trubek, jak v pracovnim postupu, tak v efektivnosti
provadéného zpevnéni masivu.

Piinos technologie spoéivd v universainosti vyuZiti vypaznicovych trubek,
v urychleni provedeni pracovniho zdbéru se soucasnym zajidténim kaloty v roz-
sahu cca 10-30 m (maximalni délka provedenych vyvrii je cca 100 m). K pro-
vadéni technologie AT-systém je b&zné pouZito standardnich strojii a mechanis-
md, jako napf. vrtacich voza s minimalni Gpravou lafety, injektaZnich Gerpadel pro
cementové smési. Pii procesu injektaZe odpadaiji ztraty souvisejicl se zajisténim

9. Extension drill rod - the length equals the length of casing pipes used.
3.3 MODIFICATION OF DRILLING RIG

Before the AT-system can be utilized, a modification of the feed must be done.
However, the adaptation of feeds of normally used drilling rigs for the AT-system
are not demanding. They consist of the following basic modifications of the feed,
that can be done in very short time.

Modification of a feed comprises: - installation of the front guide of casing pipes;
- installation of the rear guide of casing pipes;
- support pin of the feed.

3.3.1 Front guide of casing pipes

The inner diameter of the outer sleeve of the front guide of casing pipes is by
5-8 mm larger than the diameler of used casing pipes. Utilization of this kind of
the front guide is possible on the assumption that only one lype of casing pipes
sel will be used. In the case we intend to drill boreholes for varying diameters of
casing pipes, it is possible to install a variable front guide of casing pipes. This
variable guide consists of an outer sleeve and a reducer that is compatible with
the diameter of the casing pipes used.

3.3.2 Rear guide of casing pipes

Rear guide of casing pipes is installed on the parallel hose reel slides, fixed
on the feed. This arrangement on the guide slides is employed in dismantling of
drill rods by means of the chuck and the backward motion of the drifter.

3.3.3 Support pin of the feed

The function of the support pin is to stabilize the position and angle of the feed
and to introduce the drilling section into the borehole. A directional tolerance of
the borehole under 2% is achievable , when drilling with this kind of modification
of the feed.

3.4 COMPARISON OF PERFORMANCE

Comparison of the production capacity of the Eccentric drilling system (EX)
and the centric drilling system (AT-system) can be seen in Figure 6.

The lime comparison compares the net times of drilling in two types of rock
conditions. The drilling was performed by means of the Boomer drill rig, the
boreholes were 3 m long, cased with 114 mm diameler pipes.

Findings emanating from the comparison of both systems:

Significantly shorter time is needed for execution of a borehole and for pulling
the drill rod out when using the centric drilling system (AT-system). A more per-
fect system of mucking out and a simple method are provided by the AT-system.

4. PRACTICAL UTILIZATION
4.1 PRACTICAL EXPERIENCE OF THE APPLICATION IN THE WORLD

Massive use of the AT-system technology in the underground construction
proves the success of the newly introduced method that can be adopted espaci-
ally in tunneling. At present, the AT-system is being utilized in Austria (a railway
tunnel on the Vienna-Salzburg corridor), in Slovenia (the Golovec road tunne,
not far away from Ljubljana) and in Germany above all, where the AT-system has
been used on a number of important constructions.

One of the significant constructions buillt in Germany at the present is the con-
struction of the high-speed railway for Inter-City trains, connecting very important
Frankfurt airport hub with the city of Cologne on Rhine. The total length of the
high-speed railway, which is under construction now, is approx. 200 km, with 58
km of railread running through tunnels.

In this case, the AT-system is utilized for securing slopes with anchors, for dra-
inage wells, and mostly for the system of protective umbrellas at the headings of
excavations (see Figure 7). The experience of the building company has confir-
med the importance of the technology utilizing the casing pipes both in working
advance and in the effectiveness of stabilization of the rock mass.

The benelit of this technology lies in the versatile utilization of casing pipes, in
speeding-up of working cycle together with simultaneous securing of the calotte
in the range between 10 to 30 meters (maximum length of the boreholes being
approx. 100 m). Standard machines and equipment are used for the AT-system
technolagy, i.e. standard drilling rigs with minimum modification of drilling feed,
and grouting pumps for cement based grouts. No losses caused by the need of
securing the borehole walls in non-coherent rocks acour during the grouting ope-
ration. The simplieity of technology provides for the need of at most 4 workers at
the working place. Itis possible to drill up fo 6000 m of boreholes in average rock
conditions with one set of a drilling tool. The load-carrying capacily of tubufar
micropiles is approximately four limes higher compared to horizental jet grout.

Due to practical experience, a new improvement of technical equipment has
been achieved, for example:

* A wear of joining element between the pilot and contour boring heads was
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vrtu v nesoudrznych hornindch. Jednoduchost technologie umoznuje oblozenf
pracovisté kolektivem max. 4-mi pracovniky. S jednim vrtnym néfadim |ze odvr-
tat az 6 000 vyvrtil v primeérnych horninovych podminkach. Unosnost provede-
nych trubkovych mikropilot je cca 4x vy$si nez u horizontalni tryskové injektaze.

Praktické poznatky jiz také pfinesly nova vylepSeni technickych c¢asti vriné sou-

pravy jako napf.:

— pfi dlouhodobém pouziti dochazelo k opotfebeni spojovaci ¢asti pilotni a obry-
sové korunky, technologickym vyvojem byl zavér upraven do tvaru konického
spoje

— opotfebeni materidlu horni a spodni ¢4sti pilotni korunky bylo upraveno pouZi-
tim tvrdsich slitin oceli

— s vrtnou soupravou Ize provrtat betonovou konstrukei, nelze véak vrtat pres
ocel, popi. Zelezobeton

4.2, DALSI MOZNOSTI VYUZITi AT-SYSTEMU

Dalsi vyznamnou oblasti nasazeni AT-systému je vyuZitl drendznich vypazni-
covych trub k vytvoreni systému odvodiiovacich vrtd {viz. obr. ¢. 8), které jsou
stéle vice aplikovany v mistnich podminkach. Cilem drenaznich vyvrtll je snizeni
depresni kfivky hladiny spodni vody a zlep$eni mechanickych vlastnosti horni-
nového prostiedi jako napf. zvy$eni tnosnosti zemin, dosaZeni rovnomérného
sedani zemin. Timto postupem nésledné ziskame moznost G€elnéji navrhovat
a provadét napf. budovani stavebni jamy, opérnych stén.

5. ZAVEREM

Technologie AT-systém ma v podzemnim a podpovrchovém stavitelstvi ve
svété jiz své misto a stava se svymi pfednostmi uzndvanou a akceptovanou
standardni technologi, jak u projekénich a tunelafskych firem, tak i u investor-
skych organizaci, zejména pro svou investicni nendro¢nost, technologickou jed-
noduchost a spolehlivost.

Vyhradnim dodavatelem komponenti AT-systému pro Ceskou a Slovenskou
republiku je spolecnost CarboTech Bohemia s.r.0., Ostrava.

Porovnani vykonl AT-systému a Excentrického systému je uvedeno na obr. 6
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Projekt A / Project A Projekt B / Project B

Geologie: Miocén
Geology: Miocen

Geologie: Karbon s vrstvami grafitu
Geology: Carboniferous

with graphite measures

Vrtaci stroj: Boomer H 135

Drifling rig: H 135 Boomer
Provadény primeér: 114/3 000 mm
Executed diameter: 114/3 000 mm

Vrtaci stroj: Boomer H 135
Drilling rig: H 135 Boomer
Provadény primér: 114/3 000 mm
Executed diameter: 114/3 000 mm

Cista Uspora &asu: T =59%
Net time saved: T = 59%

Cista tspora Gasu: T = 52%
Net time saved: T = 52%

Obr. 6 — Srovnani vykonl
Fig. 6 ~ Comparison of the production capacity

observed. Based on the technical development, the locking part was modified
into a tapered shape.

« The wear of the material of upper and bottom parts of the pilot boring head
was improved using harder steel alloys.

« |t is possible to bore concrete structures, however, it is not possible to bore
steel or reinforced concrete structures.

4.2 FURTHER POSSIBILITIES OF THE AT-SYSTEM UTILIZATION

The AT-system technology can also be used for development of drainage
wells systems (see Figure 8) using drainage casing pipes. These systems are
nowadays widely applied in local conditions. The purpose of drainage wells is to
decrease the water table phreatic line and to improve the mechanical properties
of the rock environment, for example lo increase the loading capacity of soils
and/or to achieve a uniform settlement of surface. By this manner, we will con-
sequently be able to design and perform foundation pits and retaining walls more
effectively.

5. CONCLUSION

The AT-system has earned its place in the world of underground and subsur-
face construction. Due to its advantages, it has become a technique that is bro-
adly acknowledged and accepted by designing and tunneling companies as well
as investment organizations - especially for its low capital expenditures, techno-
logical simplicity and reliability.

The exclusive supplier of AT-system components for the Czech and Slovak
Republics is CarboTech Bohemia Ltd., Ostrava, the Czech Republic.

Obr. 7: Ochranny véjif ¢elby dila
Fig. 7: Protective umbrella above the tunnell face

Obr. 8: Drenazni systém
Fig. 8: Drainage system
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ZE SVETA PODZEMNICH STAVEB

THE WORLD OF UNDERGROUND CONSTRUCTION

STRUCNE INFORMACE O NEKTERYCH PODZEMNICH STAVBACH V ZAHRANICI

SHORT INFORMATION OF UNDERGROUND CONSTRUCTIONS IN FOREIGN COUNTRIES

® Problémy vyplyvajici z asijské finan¢ni krize se nevyhnuly ani stavbé Zelez-
ni¢niho dopravniho systému v Manile na Filipinach a jsou fe$eny dokonce
s pomoci Ceské republiky! Konsorcium, které zajistuje tuto stavbu, se rozhodlo
rozsifit okruh partner( vlastnicich akcie, aby pfekonalo ekonomické obtize, které
zasahly zemi. Jiz bylo potvrzeno, Ze financovani je zajisténo, vlastni kapitat kon-
soricia je 190 mil USD a byl ziskan Gvér v celkové vysi 465 mil USD od dvou
bank z Japonska a také z Ceské republiky. Stavba je hotova ze 40-ti procent
a dokonéeni se pfedpoklada se ¢tyfimésiénim zpozdénim v listopadu 1999. Jsou
véak obavy, Zze ¢ast podzemnich tras, za které odpovida verejna sprava, nebude
v tomto terminu zcela dokonéena.

® Novy podzemni z&sobnik plynu se buduje v Norsku u mésta Kérsto. Podél nor-
ského pobfeZi jsou rozmistény plosiny pro téZbu ropy a produkce plynu propanu,
v ramci téZby, se v poslednim obdobi zdvojnasobila. Aby se toto mnozstvi zvlad-
lo, buduji se dva obrovské podzemni zasobniky, ve kterych bude plyn uskladnén
pfi teploté -42 stupnili Celsia. Kazda kaverna bude 20 m &iroka, 190 m dlouha
a 33 m vysoka. Jsou provadény pomoci trhacich praci ve fylitovém masivu a cel-
kové bude vytéZeno 250 tis. m3. Soucasti stavby je 4 km dlouhy tunel pro chla-
dici vodu a 1 km dlouhy pfistupovy a dopravni tunel.

Vrtné stroje dodala firma Atlas Copco a jsou vybaveny modermim kontrolnim
systémem, zajistujicim dodrzeni vriného schematu. Vrtné tyée maji robustni
zavit, velky priimér u vriné korunky, coZ snizuje riziko ohnuti nebo zlomeni i pfi
obtizném startu vrtani na éelbé. Korunka ma vrtné kulaté hroty osazeny diaman-
ty pro zajidténi rychlosti vrtani a dlouhé Zivotnosti.

Kaverna je razena ve tfech vyskovych drovnich (lavicich) se dvémi éelbami na
kazdé urovni. Prvni ¢elba je navrtdvana primérem 51 mm, ale pak je pouzivan
primér 64 mm a ty¢e délky 6,1 m, aby se zajistil delsi zabér. Asi 1200m? je najed-
nou odstfeleno. Dopravnf tunel ma plochu pficného fezu 65 m? (jsou pouzivany
tyce délky 5,1m), plocha tunelu pro chladici vodu je 30 m? a vrta se ty¢emi délky
4,3 m. Tento tunel je raZen pod mofem a proto jsou provadény priizkumné pred-
vrty délky 30 m. Od zah4jeni v ¢ervnu 98 bylo odvrtano 690 km vrtd pro naloze
a 4,5 km vrtl prizkumnych. Stény a strop kaveren a tunelt jsou zabezpedovany
svorniky a stifkanym betonem.

Kontrola seismickych u¢inkd trhacich prac je velmi pifsna, protoZe na povrchu je
zavod na upravu plynu. Dokonéeni kaveren a tunelll bylo plénovano koncem
roku 1998, pak by mélo byt zahajeno snizovanf teploty v kavernach, aby bylo
mozno zahaijit skladovanf plynu. Tato operace ma trvat 150 dni.

® V Izraeli byla schvélena vystavba kolejového dopravniho systému pro Tel Aviv
s okolim. Systém bude zahrnovat trasu mezi mésty Netanya a Ashdod, ktera
zahrnuje povrchové i podzemni Useky. InZenyrské organizace z Kanady pfipra-
vily schema systému a statni instituce pfipravuji vypsani soutéze na stavbu
a provozovani prvé ¢asti. Ta zahmuje i podzemni Usek z Petah-Tikva do Bat-
Yam, Bude stat asi dvé miliardy USD a stavét se ma Sest let.

@ Na ¢isténi destovych vod, které jsou znecidtény splachy ze zpevnénych ploch
mést, se pfipravuje fada svétovych velkomést. Také v Australii v Sydney se sta-
vi 20 km dlouhy tunel, ktery ma slouZit jako retenéni prostor pro zadrZeni desto-
vych vod, které po ukon&eni destovych pritokd budou Cerpany do kanalizaéniho
piivadécée a na Gistimé vycitény spolené s normélné pfitékajicimi odpadnimi
vodami. Tunel zachyti Fadu stavajicich dedtovych vypusti z oddélovacu, vystav-
ba zahrnuje spadi&té, ventilacni $achty a novou &erpaci stanici.

RaZby jsou provadény TBM stroji o praméru 6,57 a 6,33 m s pfedchozi razbou
strojem Wirth o priiméru 3,8 m. Dokonéeni stavby je planovéano v roce 2000.

@ Stroj Iseki o profilu 2845 mm razi kanalizaéni sbéraC ve Skotsku u mésta Ayr
podél moiského pobtezi. Jde o sbérac délky 1700 m, za racim strojem jsou zatla-
ovény trouby o progfilu 2,4 m. Geotechnické podminky jsou nepfiznivé, razba
prochazi &térkem, valouny, jilem a nesoudrznym piskem. Nejdelsi raZeny Usek je
dlouhy 200 m. Ogekava se, ze prace budou provedeny za 48 tydnl pii dvous-
ménném provozu v Sesti pracovnich dnech v tydnu. Dodavatel ziskal i druhou
dast akee - 1 km dlouhy sbérad, ktery bude raZen skalnim masivem pomoci TBM
firmy Herrenknecht.

® Na staniénich tunelech a néstupnich prostorech londynské rychlostnf trasy na
leti$ti Heathrow jsou provadény povrchové Upravy betonovych stén. Pro tpravy
se pouziva cementova specielni malta obsahujici mikrosilikaty, vidkna a akryla-
tovy polymér. Smés obsahuje také slidu, ktera v konetném provedeni zajistuje
jiskfivy efekt. Betonovy povrch je nejprve otryskan piskem a pak je zednicky
nataZena vrstva malty tloustky cca 3 mm, ktera je uhlazena a nasledné omyta

® Problems resulting from the Asian financial crisis also affected the constructi-
on of the railway transport s’ysrem in Manilla, Philippines, and they are solved
even by means of the help of the Czech Republic. The group which secures this
consiruction decided to encrease the number of partners holding the shares, so
that econemic troubles which arose in the country, may be overcome. It has been
already certified, that financial means are ensured. The own capital of the group
amounts lo 190 mil. USD, and the credit amounting to 465 mil. USD was gran-
fed by two banks from Japan and from the Czech Republic too. 40 % of the con-
struction has been already made and its completion is assumed, with the delay
of four months, in November 1999. There exist, though, fears, that a part of the
underground tracks, for which the public administration is responsible, will rema-
in unfinished to that date.

® A new underground gas storage is under construction in Norway near Karsto
town. Platforms for crude oil extraction are located along the Norwegian coast
and the propane gas production, within the extraction, was doubled during the
past period. To manage the said quantity, there are constructed two giant
underground storages, where gas shall be stored at the temperature of - 42° C.
Each cavern will be 20 m wide, 190 long and 33 m high. The works are perfor-
med by drill and blast in a phylite massif, and the total volume of excavation shall
amount to 250 000 cub.m. A 4 km long tunnel for cooling water is a part of the
construction, as well as the 1 km long access and transport tunnel.

Drilling rigs were delivered by the firm Atlas Copco, and they are equipped with
an up-to-date control system, ensuring, for the drill pattern to be observed. Drill
rods have a robust thread, a large diameter at the drill bit which decreases the
risk of bending or breaking even at a difficult start of drilling at the heading. The
bit has round boring points provided with diamonds for ensuring the drilling spe-
ed and a long service life.

The cavern is driven in three benches with two headings at every level. The first
heading is drilled with diameter of 51 mm, but afterwards there is applied the dia-
meter of 64 mm and rods 6.1 m long to render longer rounds possible. About
1200 cub.m were blasted at the one instant. The cross section area of the tran-
sport tunnel amounts to 65 sq. m (there are applied rods 5.1 m long), the area of
the tunnel for cooling water amounts to 30 sq.m, and the drilling is performed with
rods 4.3 m long. This tunnel is driven under the sea and that is why there is per-
formed survey pre-drilling being 30 m long. From the beginning in June 1998 the-
re were made 690 km of blast holes and 4.5 km of exploration holes. Walls and
the crown of the caverns and tunnels are supported by rock bolts and shotcrete.
The monitoring of seismic effects of blasting works is very strict, because there
is the plant for gas treatment located at the ground level. The completion of the
caverns and tunnels was planned at the end of the year 1998, and then the tem-
perature decreasing in the caverns should be started that it might be possible to
start the gas storing. This operation should last 150 days.

® In Israel there was approved the construction of a railway transport system for
Tel Aviv and its environs. The track between the towns Netanya and Ashdod,
which comprises surface sections and underground ones, will be a part of the
system. Engineering companies from Canada prepared a diagram of the system,
and state institutions are preparing to invite tender applications for the construc-
tion and operation of the first pari. The said first part includes even the underg-
round section from Petah-Tikva to Bat-Yam. Costs for it will amount to about two
billion USD, and the construction should last six years.

@ Many world cities are prepared to treat storm water polluted with substances
rinsed from municipal paved surfaces. In Sydney, Australia, a 20 km long tunnel
is under construction which shall serve as a retention space for storm water
which, after the storm flow is over, will be pumped into the sewer, and treated in
a sewage treatment plant. It will be freated together with the common flow of
sewage. The funnel will catch many of existing discharges from storm overflow
chambers. The consiruction comprises backdrop shafts, ventilation shafts and
a new pumping station.

Driving operations are performed by TBM machines of the diameter equal to 6.57
m and 6.33 m with a previous driving by means of the machine Wirth with the
diameter of 3.8 m. The end of the works is planned in the year 2000.

® The machine Iseki with the profile of 2845 mm Is driving a collection sewer in
Scotland near the town Ayr along the sea coast. It concerns a collector being
1700 m long. Pipes having the profile of 2.4 m are jacked in the lunnef behind
the boring machine. Geotechnical conditions are unfavourable, the heading pas-
ses through gravel, boulders, clay and uncohesive sand. The longest driven sec-
tion is 200 m long. It is expected that works shall be performed within 49 weeks
at a two-shift operation in six working days in a week. The contractor was
successful in obtaining the second part of the project, viz. 1 km long collector dri-
ven in a rocky massif by means of TBM of the firm Herrenknecht,

® In the stalion tunnels and on platforms of the London express line at the
Heathhrow airport, there is performed improvement of surface finishes of conc-
rete walls. For the treatment, special cement mortar comprising microsilicates,
fibres and acrylic polymer are applied. The mixture also comprises mica which
ensures a final sparkling effect. The concrete surface is at first sand blasted and
then there is applied a mortar layer, about 3 mm thick, which is polished and then
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houbou, aby se objevila blystiva zmka slidy. Malta je zdravoiné nezavadna, ma

vynikajici pfilnavost k svislym sténdm i stroplm, zajidtuje protikarbonataéni

ochranu betonu i ochranu proti fadé daldich agresivnich latek. Technologie je
cenové vyhodna, malta se michd na stavenisti a nevyZaduje pro svou funkei zad-
né iniciatory.
Prace trvala 15 mésic(.
Podle zahrani¢nich podkladil zpracoval
Ing. Miloslav Novotny, Vodni stavby Praha

washed with a sponge that sparkling mica grains may appear. The mortar has no
adverse effect to health, it has excellent adhesion to vertical sufaces and to cei-
lings, it secures the anti-carbonation protection of concrete and also a protection
against many other aggressive substances. The technology is financially advan-
tageous, the mortar is mixed on the site, and no iniciators are required for its
function. :
The work lasted 15 months.
Elaborated from foreign sources
by Ing. Miloslav Novotny, Vodni stavby Praha.

PROTILETECKY KRYT Z OBDOBI 2. SVETOVE VALKY
POD OSTRAVSKOU , KAROLINOU*

AIR - RAID SHELTER FROM THE WORLD WAR Il BELOW "KAROLINA",
PART OF OSTRAVA CITY

ING. MILAN STONIS, OKD, DPB PASKOV, AKCIOVA SPOLECNOST

Zapomenuté® protiletecké kryty z obdobi 2. svétové vélky se v ramci mésta
Ostravy objevily jako nové fenomeén, nepfiznivé ovliviiujici (v riznych souvislos-
tech) jak mozng stavebni prace véeho druhu, tak stabilitu povrchu. Navic mohou
tyto mnohdy rozsahlé dutiny” fungovat jako potencialni mista kumulace dtinich
plynt, které unikaji z podzemi v dusledku likvidace ostravskych dold.

Rak po prazkumu nepfistupného krytu pod hiistém ostravského FC Banik [1] se
akciova spolecnost OKD, DPB PASKOV znovu setkala s obdobnym problémem v
ramci resen|pruzkumnych praci na lokalité byvale koksovny Karolina a v souvise-
jicim aredlu Zofinskeé huti. V zaii 1998 byly pfi vitnych pracich realizovanych v pro-
storu nazyvaném ,stara burza“ (rozsahla zpevnéna plocha byvalého stankaiského
trzi$té) zachyceny v hloubce cca 2,5 m pod povichem podzemni prostory. Tyto byly
specifikovany jako civilni protiletecky kryt z obdobi 2. svétové valky. Jeho existen-
ce byla jiz diive znama, avéak bez pfesné znalosti jeho polohy.

Rozsahly kryt, z jehoZ dokumentace se do dnesnich dni zachovala jen velmi
omezena ¢ast, byl vybudovan v haldé vysokopecni strusky. BEhem jednoho z
naletll na Ostravu byl zasazen. Casteéné poskozeny byl po vaice zlikvidovan,
coZ tehdy znamenalo zasypan v mistech, ktera do néj umozfovala pfistup.
Okolni halda byla v homni ¢asti postupné rozebrana a zbyla éasta byla upravena
do souc¢asné podoby. Na existenci podzemnich prostor se zapomnélo a jako pro-
blém opétné vyvstavala az v souvislosti s prizkumem a likvidaci zne¢isténi ptdy
a podzemnloh vod (tzv. starych ekologickych zatézi) na lokalité byvalé koksovny
JKarolina“ a souvisejicich prumyslovych provoz(.

V ramci priizkumu byla, mimo jiné, provedena i fotodokumentace za]move
¢asti krytu v nejbllzsm okoli jeho proniku vrtem. Jednotlivé snimky, pofizené spe-
cialné upravenym digitalnim fotoaparatem, byly exponovany od severu ve smé-
ru hodinovych rudicek (v intervalu 45 dhlovych stupfd) a umoziuji vytvofit si
pfedstavu o tvaru podzemniho dila. Vzhledem k tomu, Ze kryt nebyl zhruba 50
let navétévovan a nebude ani v budoucnu otevfen takovym zpiisobem, aby do
néj bylo mozno vstoupit, povazovali jsme za zajimavé seznamit odbornou vefej-
nost formou jakési fotoreportaze s timto podzemnim dilem specidiniho tcelu. Je
totiz zajimavé nejen historicky, ale i profesné. Ne pravé obvyklé je toto dilo napfi-
klad z pohledu materidlu, v némz byla stavba zalozena a zrealizovana.
Vysokopecni struska neni totiz pravé bézny materidl, zejména kdyZ zlstava
neznama technologie stavby i jeji rozméry.

LITERATURA
[1] Stoni§, M.: Vyhledavani podzemnich dutin geofyzikalnimi metodami. Tunel 2/98.

PS.

"Forgotten" air-raid shelters from the 2nd world war have come up as a new
phenomenon in Ostrava. They can adversely affect building works as well as sta-
bility of surface. On top of that, these large “cavities" can be a potential space for
accumulation of a firedamp, escaping from the underground after liquidation of
coal mines in Ostrava.

DPB Paskov joint stock company met an analogical problem again one year
after the exploration of the inaccessible shelter under the football stadium in
Slezska Ostrava [1]. It was during the ecological exploration of the areas of the
former coking plant "Karolina" and the connected "Zofinska" blast - furnace.

There was found an underground cavity by a borehole in depth of 2.5m in
September 1998. It was determined as an air - raid shelter from World War II.
Existence of it was known, but only in some general lines without exact know-
ledge of its location.

Large shelter, the documentation of which is already only fragmentary,
was built in slag dump. It was hit by a bomb and partially destroyed. After the war
the shelter entrances were filled up. The upper part of the dump was removed
and the remaining part has been adapted to present form. The existence of cavi-
ties was forgotten. A problem has arisen now in context with exploration of
a polution of the the soil and underground water near the locality of the former
coking plant "Karolina".

There was photo-documentation made as a part of the exploration of the
shelter in the vicinity of the borehole. Digital photos were taken starting from the
North direction (fig. 2 picture 1) and continuing clockwise, each 45 dg. They allow
to create an image of the shape of the shelter. Because it was not visited for just
above 50 years and it will not be the event in the near future, we think that it could
be interesting to take up this special underground building in a photographic
reportage. This shelter is interesting not only as a historical building, but from
a professional point of view too. One of the interesting things, for example, is the
material that the shelter was founded on and built in. Slag dump is not a routine
material in such cases, especially when the technology and real dimension of
this structure have remained unknown.

LITERATURE

[1] Stonis, M.: Looking for underground cavities using geophysical methods.
Tunel, 2/98

Obrazky k tomuto ¢lanku pokladejte za dokumenty se snizenou moznostf kvalitni reprodukce.
Would you please take the figures of this articles as documents with lower possibility of a good reprint.

Obr. 1 Situace lokality krytu v mapovém podkladu z roku 1976 (patrne v té dobé jesté existujici stavby prumysloveho komplexu Karoliny)
Fig. 1 Location plan of the shelter in the ramp from 1976 (there is evident the industrial complex ,Karolina”, which does not exist any more)




53 8. ROCNIK, &. 2/99

Obr. 2 ZAbéry vnittnich prostor krytu pofizené digitainim fotoaparatem zapusténym do vrtu. Snimek 1 — pohled k severu (autor fotografii Ing. Karel Lanzendorfer)

7 8

Fig. 2 Photos of interior of the shelter. They are made by a digilal camera from the borehole. Number 1 — North direction (photo Ing. Karel Lanzendorfer)

: 8 [Ftorme. lade

Budova hotelu
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The PALACE hotel

Kf}i{)\'a!ka Pod&bradova - 28. ffjna
Crosroads Podébradova - 28. Fijna \

4

Obr. 3, 4 Pohled na lokalitu Karolina v misté byvalé ,burzy” (trzisté). Misto vrtu, z néhoz byly pofizeny fotografie vnitfku krytu, je vyznageno.

Fig. 3,4 View of the Karolina locality — the former market place with marked borehole from which the Photos were made

TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

UPRAVY POVRCHU STRIKANEHO BETONU POD IZOLACI

SURFACE FINISHING OF SHOTCRETE UNDER THE WATERPROOFING MEMBRANE
LADISLAV PAZDERA, CIV. ENG.

Jednim z pfedpoklad dlouhodobé Zivotnosti tunelu je omezeni pronikani pod-
zemni vody do betonu sekundérniho osténi a zatékani do prostoru tunelu. Jako
ochrana osténi a prostoru tunelu pfed proniknutim podzemni vody se pouzivéa
u technologie NRTM mezilehla izolace ukladana na povrch primarniho osténi.

K vlastnimu poskozen izolace miZe dojit v zésadé ve dvou obdobich. Prvni
obdobi je tehdy, kdyZ se mezilehia izolace na osténi osazuje, spojuje, provadi
montaz vyztuze a betonuje sekundarni osténi. Druhé obdobi Je vlastni vyuzivani
tunelu, kdy miiZe dojit k podkozeni izolace jak pfi statickém pfitlaku izolace mezi
ob&ma osténimi, lak pA vzdjemném posunu obou osténi, zptisobeném nerovno-
mérnymi deformacemi horniny. V téchto pfipadech dochazf k podkozeni mezi-
lehlé izolace v mistech, kde povrch primamiho osténi nenf rovny, spojity, hladky
a ma vycnélky.

Aby k takovym piipadiim nedochéazelo, provadi se b&Zné v tuneldfsky vyspé-
lych zemich Gprava povrchu stfikaného betonu pfijatelného pro mezilehlou izo-
laci. PFi této Upravé jde v zasadé o dosazeni uréité hladkosti a mistni rovinnosti.

Tato Uprava povrchu se projevi ve skladbé osténi a v samostatné cenové
polozce.

. To limit infiltration of ground water into the concrete of a secondary lining and
ingress of water into a tunnel is one of prerequisites of its long life. The NATM
technique uses, as a protection of the lining and the tunnel interior against
ingress of ground water, an intermediate waterproofing membrane fixed on the
primary lining face.

In principle, a damage to the membrane proper can oceur in two periods of
construction works. The first period is when the membrane is being attached and
joined, reinforcement fixed and the secondary concrete lining cast. The other
period is during the tunnel operalion. The insulalion can be damaged either by
static pressure due to the squeeze by the both linings or by shifting of the both
linings against each other due to an uneven rock deformation. Damage to the
intermediate insulation, as a result of these effects, aceurs in such locations whe-
re the primary lining surface is not even, smooth and has jutting spots.

To prevent such cases from occurring, the shotcrete surface, in the countries
with advanced tunneling industries, is post-treated so as to be acceptable for
inslallation of the PVC membrane. The objective of such a treatment is to achie-
ve a cerlain level of surface smoothness and local evenness.

This finishing work must be reflected into the designed composition of the
lining, and into a separate pricing item.
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lunel

Komplexni Upravy povrchu stfikaného betonu po probéhlych deformacich hor-
niny a pfed pokladkou izolace spodivaji v ndsledujicich ¢innostech:

* ovéfeni skute¢né polohy lice stfikaného betonu vici teoretické poloze a pi-
pustné mezni odchylce po celém tunelu

* v mistech, kde skutecna poloha lice stiikaného betonu vystupuje za pfistup-
nou polohu provede se odstranéni této ¢asti a povrch se upravi tak aby splrio-
val pfedepsané parametry povrchu.

* odstranéni véech vy¢nivajicich kovovych konstrukei mimo hlavy kotev

» zkraceni vy¢nivajicich kotev

¢ provedeni podkladni vrstvy o tloustce cca 25 mm a dprava hlavy kotvy.

Zatimco prvni ¢innosti se v zasadé provadéji i u nds, provedeni podkladni vrst-
vy na celé plose pod mezilehlou izolaci se neprovadi. Tato vrstva stfikangho
betonu z jemné frakce pfirodniho kameniva se provadi po celé ploge v tioustce
cca 25 mm. Timto nastfikem dojde k vyrovnani povrchu, vytvofeni stejného pod-
kladu a konkavniho a konvexniho zaobleni o minimalnim poloméru 20 cm, hloub-
ce prohlubné a vysce pfevydeni max. 10 cm. Rozméry povrchu stfikaného beto-
nu zohlednuiji poZadavky pfipustnych nerovnosti jak pro izolagni folii tak i pro pii-
pustné mezni odchylky stfikaného betonu jako nosné konstrukce. Pritaznost
vlastni izolaéni folie by pfipustila provedeni hlubsich a vyssich pfevyseni nez
10 cm, ale tyto nejsou pfipustna z hlediska osténi.

Kontrola skute¢né polohy nosného primarniho osténi se provadi viéi teoretic-
ké poloze lice tohoto osténi zvétseného o mezni odchylku.

Podkladni vrstva se zakresluje a kotuje do pii¢ného fezu. Rozdil teoretického
rubu sekundarniho osténi a lice primarniho osténi se uvadi 30 mm, 25 mm se
uvazuje podkladni vrstva a 5 mm izolaéni a ochranna folie. Obvykly zpisob
zakresleni je na obr. 4.

Provedenim povrchu stfikaného betonu podle uvedenych parametrdl jsou
vytvofeny pfedpoklady, Ze nedojde pii statickém sevieni izolace ani pfi vzajem-
nem posunu obou osténi k protrzenf této izolace. Provedeni podkladni vrstvy
samoziejmé nefesi jiné moznosti poskozeni izolace.

Primami osténi

Primary lining :
Tl e R D SR
______ R>20em = R>emf =
. + f
i R >20 cm = --
| min 50 cm 25mm max 10 cm

Podkladni vrstva stfikaného betonu

z jemné frakce pfirodniho kameniva
Basic layer of shotcrete

from fine fraction of natural aggregate

Obr. 1
Pripustny tvar povrchu stfikaného betonu jako podklad pod izolaci
Allowed shape of the shotcrete surface under insulation

Primami osténi Prevyseny vyrub
Primary lining Camber
i |
A e
\_A__A_{ ' A
| R 20 em R >20 cm
p— _T_ ........... \‘_ — .r ..... .r ........ :‘_
__4_-7‘ e i i s Y s
25 mm w /

Teoreticky lic primarniho osténi /
Theoretical face of primary lining |
Podkladni vrstva stfikaného betonu
Basic layer of shotcrete
Odstranéni stfikaného betonu pfes mezni odchylky
Removing of shotcrete beyond the limit deviation

Mezni odchylka_l-l’ce
Allowed limit deviation /

Obr. 2
Realna Uprava povrchu stfikaného betonu jako podklad pod izolaci
Realistic way of trimming the shotcrete surface under insulation

O R+3p

Complete post-treatment of the shotcrete surface, performed after the rock
deformations are over and before the watertight membrane is fixed, comprise the
following work items:

* verification of the actual position of the shotcrete face, in the whole tunnel, with
reference to the theoretical position and the allowed limit deviation

* removing of those parts of the surface which project beyond the allowed limit,
and improving the surface to meet the parameters prescribed

¢ removing of all projecting steel structures but the heads of anchers

e cutting the projecting anchors short

» application of the bedding layer about 25 mm thick, and adjustment of the
anchor head

While the first items are basically performed in our country too, application of
the bedding layer on the whole surface under the intermediate insulation has
never been done here. This layer of shotcrete prepared from fine grained natu-
ral aggregates is to be applied on the whole area in the thickness of about 25
mm. By this spraying, the surface is to be made flat and even, with concave and
convex radii of 20 cm as a minimum, the depth of hollows and height of humps
of 10 cm as a maximum. The dimensions and parameters of the shotcrete sur-
face have been designed with consideration paid to the unevenness, allowable
both for the PVC membrane and for the sholcrete as a load bearing structure,
with its own limit deviations. The dilatability of the membrane proper would allow
deeper hollows and higher humps than 10 cm. Although, this is not acceptable
from the aspecl of the lining proper.

Checking on the actual position of the load bearing primary lining is carried out
with reference to the theoretical position of the lining face with addition of the limit
deviation.

The bedding layer, including figured dimensions, is to be worked in cross sec-
tion drawings. The distance of 30 mm between the theoretical extrados of the
secondary lining and the primary lining face is generally refered to. Out of that,
25 mm is designed for the bedding layer, and 5 mm for the waterproofing and
protective membranes. The customary way of drawing is shown in the Figure
No. 4.

By execution of the shotcrete surface in compliance with the above mentioned
parameters we will meet the prerequisite, preventing a damage to the PVC mem-
prane when it is statically squeezed or due to shifting of the linings against each
other. Obviously, the fact that the bedding layer is applied can not solve other
causes of damaging the insulation.

R>20cm

Zkraceni délky T 2" Uprava hlavy kotvy
kotvy = y ;&'&.‘,'5_. \ pod izolaci
Shortening : “‘ e '-.!“\ & \ Anchor head modification
of anchor's length - Ay \\ X \ \ under insulation
A
(- —
Meznl'od_chylka I[cg vy 25\_-‘ \
Allowed limit deviation Se '\ \
R\ \

Obr. 3
Uprava povrchu stfikaného betonu v misté kotvy
Adjustment of the shofcrete surface

Lic primarniho ost&nf 30 mm
Face of primary lining Izolace i‘-ll -
C Insulation St LZ‘S

Podkladni vrstva 25 mm . :
Basic layer 25 mm

Rub sekundarniho osténi

Back of the secondary lining

Obr. 4
Zobrazeni podkiadni vrstvy v dokumentaci
Image of a bedding layer in drawings
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Tunel

ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE REPORTS

Predsednictvo CTuK

zasedalo dne 26, 3, 1999 v Praze a projednalo nasledujici body programu:

- Informace z ¢innosti ITA/AITES, zejména z pfipravy 25. vyroéi zalozeni asoci-
ace. Bude se konat u piilezitosti svétového tunelafského kongresu v Oslo.
CTuK se aktivné podill svymi pfispévky na slavnostnim programu pfi projekci
diapozitivli z nadich vybranych podzemnich staveb.

- Zpravu o hospodafeni CTuK, o Serpani rozpo&tu v roce 1998 a navrhu rozpo-
¢tu na rok 1999, (Zprava byla prednesena na Valném shromazdéni Komitétu
a odsouhlasena).

- Zmény v ¢lenské zékladné

- Zpravu o postupu pfipravy konference Podzemni stavby Praha 2000, o roze-
slani ,Prvniho oznameni* a o vybéru mista konanf: byl zvolen hotel Pyramida
v Bfevnové,

- Zpravu o ediénich zamérech ¢asopisu TUNEL, o éerpani rozpoctu za rok 1998
a o zvydenych edic¢nich nakladech pfi roz&ifeném obsahu ve dvou jazycich.

- Zpravu o Uspésném seminafi o podzemnim zasobniku plynu Pfibram (Haje)
v ramci rozvoje stykl s pfibuznymi spole¢nostmi.

- Program Valného shromazdéni CTuK, které se konalo v Praze dne
7. kvétna 1999.

Jednani pfedsednictva Fidil prof. Ing. Jifi Barték DrS.

CTuK na internetu

najdete na strance http://www.ita-aites.cz. Obsahuje vSeobecné informace
o Komitétu, o clenské zakladné, o konferenci PSP 2000, text jednotlivych
gisel asopisu TUNEL, tituly zalozené v knihovné CTuK a rlizné dalsi
Udaje.

E-mail sekretariatu CTuK

ma toto oznaceni: matzner@metrostav.cz. Spolu s telefonnim a faxovym ¢islem
jsou nova spojeni uvadéna na kuléru éasopisu. Tim jsou opét rozséifeny komuni-
kaéni moznosti v ramei i mimo ramec CTuK.

Ptipravny vybor konference Podzemni stavby Praha 2000

byl svolan k zahajovacimu zasedani v prosinci 1998 a po druhé v bfeznu 1999,
Byy zahdjeny a schvaleny zésadni otdzky tykajici se usporadani konference, kte-
ra se bude konat v terminu 9.—~11. 10. 2000 v hotelu Pyramida v Bfevnové.
Predbézné ozndmeni® o konani konference bylo vytisténo v Sesti jazykovych
mutacich a rozeslano v tuzemsku i do zahranici vé. v8ech élenskych narodnich
organizacf a ¢lent Executive Council ITA/AITES. Asociace pfislibila zastitu kon-
ference, u jejiz piilezitosti svola i zasedani svého vykonného organu (EC). Dalsi
tiskoviny, tj. ,Pozvanka“ a ,Program konference" budou tistény ve stejnych jazy-
kovych mutacich. Jedndni konference bude simultané tlumoceno do anglictiny
a némgéiny. pfedpoklada se Ucast 250 osob. Navrh ,Pozvanky” je jiz pfipraven
a bude rozeslan do poloviny tohoto roku.

Redaként rada ¢asopisu TUNEL
se sedla ke svému pravidelnému zasedani v Bré na pozvani a.s. Aquatis, ktera
rovnéz zajistila exkurzi na tunelu Kohoutova. Byla projednana obsahova népln
¢isel 2 a 3/99, zajiéténi inzerce a dalsi organizacni, technické a ekonomicke otaz-
ky spojené s dvojjazyénou edici. Odezva v tuzemsku i ze zahranici na soucasny
obsah a image ¢asopisu je dobra, je zdjem o pfetisk clankd, zvysil se publikacnf
zéjem autor( i zajem o inzerci.

Ing. Karel Matzner

Presidium of CTuC

had its meeting on March 26, 1999, in Prague and the following agenda items

were discussed:

- Information about activities of ITA/AITES, especially about the preparation of
the celebration with respect to the 25th anniversary of the association. It will
take place on the occasion of the World Tunnelling Congress in Oslo. CTuC
takes part with speeches at a festive programme and projecting slides con-
ceming our chosen underground structures.

- Report an economy of CTuC, on drawing financial means according to the bud-
ged for the year 1998 and on the budget draft for the year 1999. (The report has
been presented at the General Meeting of the Committee and approved.

- Membership changes

- Report on preparations of the conference Underground Construction Prague
2000, on dispatching the “First Announcement” and on the choice of the pla-
ce where the conference will take place. The hotel Pyramida in Prague-
Bfevnov was chosen for the said event.

- Report on editorial intentions of the journal TUNEL, on drawing financial
means according to the budged for the year 1998, and on increased editorial
costs due to the enlarged contents in two languages.

- Report concerning the successful seminar on the underground gas storage -
Ptibram (Haje) within the development of contacts with companies of analo-
gous interests.

- Agenda of the General Meeting of CTuC which took place in Prague on May
7,1999.

Prof.Ing. Jifi Barték, DrSc., was the chairman of the presidium session.

CTuK on Internet
you will find on the page http://www.ita-aites.cz. It comprises general information
on the Committee, on membership, on the conference PSP 2000, articles of indi-
vidual issues of the journal TUNEL, titles filed in the CTuC library and various
other information.

E-mail of the CTuC Secretary

has the following indication: matzner@metrostav.cz. New connections, together
with the phone number and facsimile number, are mentioned on the cover of the
issue. Communication possibilities are expanded in this way, viz. within and out-
side CTuC.

The Preparatory Board of the conference Underground Construction
Prague 2000

was called to the opening meeting in December 1998 and for the second time in
March 1999. There were discussed and approved fundamental problems con-
cerning the organization of the conference which shall take place from October
9 to October 11, 2000, in the hotel Pyramida in Prague-Bfevnov. “Preliminary
Announcement” was printed in six language versions and dispatched in inland
and abroad, including all national member institutions and members of the
Executive Council ITA/AITES. The Association promised the sponsorship of the
conference, on the occasion of which it will even convene the meeting of its
Executive Council (EC). Other printed papers, i.e. “Invitation Card” and
“Programme of the Conference” shall be printed in the same language versions.
The session of the conference will be simuitaneously interpreted in the English
language and the German one. It is supposed that 250 persons will be present,
The draft of the “Invitation Card" has been already prepared and it shall be dis-
patched not later than in the middle of this year.

Editorial Board of the journal TUNEL
met al its regular meeting in Brno, invited by Aquatis a.s. which also organized
a field trip into the tunnel Kohoutova. At the meeting, there was discussed the
contents of issues 2 and 3/99, of advertisement ensuring, and of olher matters
of organization, technical and economical problems relating to the double langu-
age editiqn, A response in inland and abroad to the preseni-day content and ima-
ge of the journal is good, and there appeared interest to reprint articles. The inter-
esl of authors 1o publish has increased, as well as the interest concerning adver-
lisement,

Ing. Karel Matzner

SPRAVODAJSTVO SLOVENSKEHO TUNELARSKEHO KOMITETU ITA/AITES

SLOVAK TUNNELLING COMMITTEE REPORTS

Odborna verejnost a tunelarsky zaangazované podniky v priebghu I $tvrtroka
s napatim o¢akavali rozhodnutie viady SR o dalSom pokracovani vystavby dia-
ihiénej siete. Na zaklade navrhu spracovaného Slovenskou spravou ciest
v Bratislave, vlada SR rozhodla o pokracovani vo variante B. Tento variant je
istou redukciou povodného tempa, nie je véak az tak velkou redukciou aka sa

The professional public and interested enterprises waited with anticipation
within the first quarter of the year for the decision of the government of the Slovak
Republic on the continuation of the motorway network construction, On the basis
of the design elaborated by the Slovak Administration of Roads in Bratislava, the
government of the Slovak Republic decided on the continuation of the variant B.




ss 8. ROCNIK, &. 2/99

Tunel

dala ocakavat. R. 1999 budl pokraéovat' prace na tuneli Branisko a bude pokra-
Covat' aj razenie prieskumnej $téine na nadihSom tuneli Visfiové (7 415 m). Po r.
1999 sa za¢nU prace na dalsich tuneloch a to Sitina (1 285 m) v Bratislave,
Ovdiarsko (2 185 m) a Horelica (570 m) pri Ziline a mal by sa hibit aj tunel Borik
(910 m) pri Svite.

Druhy Stvrtrok 1999 zostane pre tunelérsku pospolitost v SR pamétihodnym
milhikom. Razi¢i na prvom diafi¢nom tuneli Branisko si podali ruky na jeho pre-
razke. Podla pdvodného &asového harmonogramu tato udalost mala nastat
o pat mesiacov neskor. Slovenska tunelarska premiéra mé doteraz nad ofaka-
vanie hladky priebeh. Postupne s pribldajldcimi metrami vyrazeného tunela sa
rozplynuli obavy tak z moznych prekvapeni horninového prostredia, ako aj
z neistoty obsiahnutej v neskusenosti stavebného odvetvia v tunelarskom sorti-
mente. Horninové prostredie svoj odpor vyéerpalo pri portalovych Usekoch tvo-
renych zvodnelymi paleogénnymi ilovcovo-pieskovcovymi sedimentami vo flygo-
vom vyvoji. Investorské a projektantské kruhy ako aj stavebno-dodavatelské
podniky sa tak isto pomerne rychlo sformovali a preukézali svoju odbornost zod-
povedajlcu eurépskemu Standardu

Za §tastnd volbu s odstupom &asu mozno povazovat nielen vyber Novej
rakuskej tunelarskej metddy, ale aj cestu jej osvojenia transférom know-how
z Rakuska ako aj prevzatim niektorych tuneldrskych noriem a koneéne aj pria-
mou Uéastou rakdskych expertov na stavbe. Nova generacia tuneldrov v SR sa
sformovala hladko, rychlo a efektivne. K Uspechu celkom isto prispeli predcha-
zajlce skusenosti stavebno-dodavatelskych organizacil na tunelovych stavbach
v SRN.

Na tuneli Branisko sa dobrymi raziéskymi vykonmi potvrdil este dali velmi
délezity takt. Vrtno-trhavinova technolégia v dobrych horninovych pomeroch sa
priblizuje polovitnému vykonu progresivnejsej technoldgii razenia tunelovacimi
strojmi (TBM). K prerazkovému bodu 4 823 m dlhého tunela dospeli raziéské
osédky za 24 mesiacov od zadiatku stavby. Priemerny razi¢sky vykon za cell
stavbu je teda 200 m. V dobrych horninovych pomeroch sa viak vykon stabili-
zoval nad hranicou 300 m/mes.

Tento fakt vyvracia nutnost’ dovozu TBM. Limitom pre pokracovanie vystavby
dialni¢nych tunelov v SR nie je ani razi¢ské tempo, ani razi¢ska kapacita, ale
finan¢né zdroje. Razenie technickou TBM je pritom v tvrdych skalnych hornindch
drah3ie ako trhavinove razenie.

Z aktudlnych udalosti a akcif pripadajtcich na Il. stvrtrok 1999 su:

- Valné zhromaZzdenie STK (11. maja 1999)

- Ucast na kongrese ITA/AITES v Oslo (28. maja—3. juna 99)
- vystava Tunely 99 v Ziline (8.~10. jina 99)

- medzinarodna konferencia v Bratislave DIALNICA '99.

Valné shromazdenia STK v maji 1999 je spojené s vofbou nového predsed-
nictva a ostatnych funkcionarov Komitétu. V ¢lenskej zakladni STK nenastali
nijaké zvlast vyznamné zmeny. Zakladra vSak nevzrastla, naopak pre nezaujem
a pasivitu boli vyskrtnuté niektoré ¢lenské organizacie.

Tunely '99 v Ziline &asovo tesne nasledujli za kongresom v Oslo. Na rozdiel
od minulého roka je dominantnou zlozkou akcia vystava a individualna prezen-
tacia firiem participujtcich akoukolvek formou na vystavbe tunelov.

Po Ugastnickom boome na svetoom tunelarskom kongrese ITA/AITES v Sao
Paolo sa pripravuje podstatne skromnejsia Uc¢ast na kongrese v Oslo. Pocetnost
U¢astnikov zo SR bude predstavovat priblizne 9 oséb.

Jednym z podujati, na ktorom sa prezentovala rozostavanost a technické pro-
blémy dialhiénych stavieb vratane prezentacie tunelov bola konferencia s med-
zinarodnou U¢astou ,DIALNICA '99" v Bratislave v drioch 13. 4.-15- 4. 1999,
Zéroven s touto konferenciou, ktorej usporidatelom st Ministerstvo dopravy, poét
a telekomunikécii a Slovenska sprava ciest sa konala aj vystava s rovnakym
odbornym zameranim.

Ing. Jozef Frankovsky
¢len predsednictva STK

KALENDARIUM ITA/AITES

CALENDAR ITA/AITES

This variant represents a certain reduction of the original pace, but it is not such
a big reduction as it could be expected. In the year 1999, the works on the tun-
nel Branisko will continue, as well as the driving of a trial gallery of the longest
tunnel Visriové (7415 m). After the year 1999, works on further tunnels shall start,
viz. Sitina (1285 m) in Bratislava, Ovciarsko (2185 m) and Horelica (570 m) near
Zilina. Driving operations of the tunnel Borik (910 m) near Svit, should be also
started.

The second Thursday 1999 shall stay a memorable landmark for the tunnel-
ling community of the Slovak Republic. Miners of the first motorway tunnel
Branisko shook hands at its breakthrough. According to the original time sche-
dule, the said event was to take place five months later. The opening of the
Slovak tunnelling industry has till now an unexpectedly smooth and successful
course.With increasing the number of driven meters of the tunnel, fears both con-
ceming possible surprises connected with the rock conditions, and resulting from
the uncertainty included in less experience in tunnelling works disappeared.
Rock conditions exhausted their resistance at portal sections formed by satura-
ted paleogeneous clay-sand sediments of flysh origin. Investors’ circles and
designers’ ones, as well as building-contractor enterprises were also formed
quickly and proved their qualification corresponding with the European standard.

As a lucky choice one may consider not only the choice of the New Austrian
Tunnelling Method, but also the way of its acquiring by means of a know-how
transfer from Austria, as well as by taking over some tunnelling standards and at
last by a direct participation of Austrian experts at the construction. The new
generation of tunnellers in the Slovak Republic was formed without problems,
quickly and in an effective way. The success was surely affected by previous
experience of building contractor enterprises taking part in tunnel constructions
in FRG.

Good driving outputs in Branisko tunnel proved another very important fact.
The drill and blast technique in good rock conditions provides nearly a half of the
output achieved by the more progressive driving technique by means of boring
machines (TBM). The breakthrough point of the 4 823 m long tunnel was achie-
ved by driving teams within 24 months from the beginning of the works. So, the
average driving advance per month was 200 m. In good rock conditions, howe-
ver, the advance was stabilized over the limit of 300 metres per month.

This fact disproves the necessity to import TBM. The continuation of the
motorway tunnel construction in the Slovak Republic is limited neither by the spe-
ed of driving nor by the driving capacity, but by financial means. Driving with hard
rock TBM equipment is more expensive than drill-and-blast excavation.

Within the second quarter of the year 1999 there will take place the following
topical tunnelling events:

- General Meeting of the STC (May 11, 1999)

Participation at the ITA/AITES congress in Oslo (May 28 to June 3, 1999)
- Exhibition: Tunnels '99 in Zilina (June 8 to 10, 1999)

International conference in Bratislava: MOTORWAY '99

At the General Meeting of STC in May 1999, there will be elected a new direc-
torate and some other officers of the Committee. As to members, no extraordi-
nary changes took place, but their number has not been increased. In contrary,
due to the lack of interest and passivity, the membership of some member insti-
tutions was cancelled. :

The exposition Tunnels '99 in Zilina follows just after the Oslo congress. In
distinction from the last year, the individual presentation of firms taking part in the
tunnel construction in any form is the main reason of the exhibition.

After the participation boom at the world tunnelling congress ITA/AITES in Sao
Paulo, a considerably modester participation is prepared for the congress in
Oslo. About 9 persons from the Slovak Republic will take part in the said con-
gress.

One meeting, where struclures under construction and technical problems of
motorway construction, including tunnels, were presented, was the conference
with an international attendance "MOTORWAY "89" in Bratislava, within April 13
and April 15, 1999. At the same time with this conference organized by the
Ministry of Transport, Post and Telecommunications and the Slovak
Administration of Roads, there took place an exhibition of the same professicnal
contents.

Ing. Josef Frankovsky
Member of STC Directorate

21.-22. 9. 1999, Ostrava, CR, Geotechnika 99 — zaklad modernich technologif
vystavby / Geotechnics — the base of the modern technologies of constructions
fax: 420 (0)7 5556 3473

25.-28. 8. 1999, Paris, Palais des Congres, 9th International Congress on Rock
Mechanics

8.-10. 9. 1999, Londoen, International Conference and Exhibition Organizers:
Institution of Mining and Metallurgy, British Tunnelling Society, Federation of
Piling Specialists

fax: +44 (0)171 233 5054 N

28.-29. 9. 1999, Cesky Krumloy, CR, 5. konference o bezvykopovych technolo-
giich / 5th Conference on Trenchless Technology, organized by CSTT

fax: +420 (0)5 4324 4277

11.-14. 10. 1999, Budapest, 17. Internacional NO DIG '99

fax: +4940 3572 3290 y

20. 10. 1999, Ostrava, CR, Ustav geoniky AV CR, seminaf. Podzemni skladovéa-
ni vyhofelého paliva / Seminar: Underground storage of the deteriorated fuel.

PFispévky do sborniku / Papers for proceedings: 15. 7. 1999

e-mail: snuparek@ugn.cas.cz

25.~26. 10. 1999, Paris, International Conference sponsored by ITA/AITES:
Underground Warks - Ambitions and Realities

Secretariat - fax_ +33 (0)153 420820

23.-26. 11. 1999, Singapore, Hilton International, International Conference
sponsored by Adhering Committee of ITA (India):

Contract management in Construction Industry

13.~18. 5. 2000, Durban, SA, World Tunnelling Congress ITA/AITES: Tunnels
under Pressure

webpage: hitp//www.saimm.co.za

20.-21, 9. 2000, Singapore, International Conference: Ground Impovement tech-
niques

7.~15. 9. 2001, Praha, 19th International Conference and Exhibition NO - DIG
2001
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PROVADI A ZAJISTUJE

» Zzpevriujici a tésnici injektaZe

e navrhy technickych reseni a projekty
injektaZnich praci [ |
e technologicky dozor pri injektaznich pracich

e specialni technologie v inZenyrském CarboGrouting
stavitelstvi akciova spolecnost

e Kotveni, svornikovani, mikropiloty

|
\

OBLAST POUZITI

e povrchové i podzemni stavitelstvi S 03L2f;0varsk% 1 3 ,
 vodohospodafské a energetické stavby o s e S G
e duini stavby, hornictvi Tel./Fax: 069/612 36 23

- METROPROJEKT Praha a.s.

ceska projektova a inzenyrska Czech design and engineering

MernopnoJm akciova spolecnost joint-stock company
Dle Vasich pozadavkt zpracujeme According to your requirements we elaborate
pro Vas: for you:

* rozborové studie a analyzy investic * pre-investment studies & analyses

* projektovou dokumentaci vSech stupnt * project documentation at all levels

* transformaci & autorizaci dokumentace * transformation & authorisation of project
zahraniénich klientd podle éeskych norem documentation of foreign clients in compliance
a predpisti with Czech norms and regulations

* poradenskou a konzultaéni ¢innost * advisory & consulting services

Kontaktni spojeni: Contact address:

METROPROJEKT Praha a.s.
Nam. I. P. Paviova 2/1786, 120 00 Praha 2, Czech Republic
Phone: + (420 2) 96 204 121, Fax: + (40 2) 96 204 122
E-mail: metroprojekt@metroprojekt.cz




BANSKE STAVBY, a.s.

Kosovska cesta 16, 971 74 PRIEVIDZA

Tunely
Stolne
Sachty

.‘5.4‘
¥ -

Podzemneé sta vby pre uzito k ludi Tel.: 00421 862 542 30 81 Fax: 00421 862 542 44 94

E-mail: bespa@bb.telecom.sk www.banske-stavby.sk

ZS Brno, a.s. — stiedisko projekce

Projektova, konzultacni a inzenyrska cinnost

Obory

Pozemni, inzenyrské a dopravni stavby, mosty, inzenyrské sité, geodetické prace

Sluzby

Vypracovani koncepci, zaméra a studii, vyhodnoceni variant, dokumentace pro
uzemni a stavebni fizeni, realizacni a dodavatelské dokumentace, geodetické
prace za pomoci nejmodernéjsi techniky, autorsky a stavebni dozor

ZS Brno, a.s. — stiedisko projekce
BureSova 17, 660 02 BRNO
tel.: 05/41572435, fax: 05/41572515




CIVIC AND ENGINEERING STRUCTURES

* TRANSPORT, INDUSTRIAL, WATER MANAGEMENT AND APARTMENT BUILDINGS

* CONSTRUCTION AND MODERNISATION OF RAILWAY TRACKS
* CONSTRUCTION AND RECONSTRUCTION OF BRIDGES AND TUNNELS

* UNDERGROUND CIVIL ENGINEERING AND MINE STRUCTURES
The Certificate for performance of subsurface structures

* ENGINEERING AND SUPPLY ACTIVITIES
The Certificate for engineering and supply activities

e DESIGN ACTIVITIES, ACCREDITED LABORATORY - The Product certificate:
Shotcrete B 20 V 4, B 25 V8 produced by both dry and a wet methods
Shotcrete B 20 V 12 (fibre shotcrete) produced by a wet method
Steel structures for outfitting the collectors

SUBTERRA a.s. Tel.: +420-2-4406 1111
Bezova 1658 Fax: +420-2-4446 6179
147 14 Prague 4 http://www.subterra.cz

Czech Republic E-mail: info@subterra.cz
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> Stavebni geologie - GEOTECHNIKA a.s.

Jje nezavisla konzultaéni firma, ktera nabizi

operatlvnl reseni vsech problému, vznikajicich

pri interakci staveb s prirodnim prostfedim

Pro podzemni stavitelstvi mize
SG — Geotechnika a.s. nabidnout:

® odborné konzultace v geotechnice

® geotechnicka spoluprace pfi projekci a vystavbé
podzemnich staveb

* stavebné-geologické prizkumné prace

® geotechnické vypodty a numerické modelovani

* project management geotechnickych staveb

® posuzovani vlivd staveb na Zivotni prostfedi

® laboratorni zkousky v akreditované laboratofi

® terénni zkousky a monitoring

® geofyzikalni prdzkum véetné georadaru

® inZenyrska sezmologie

* odborny geotechnicky dozor a kontrolni zkousky
pfi realizaci staveb

® normotovorna a predpisova ¢innost

Komplexni sluzby nabizi rovnéz
nase pobocky po celé CR:

BRNO, Kolisté 13, tel./fax: 05/452 451 81
e-mail: sggtbrn@mbox.vol.cz

C. BUDEJOVICE, Pekarenska 81, tel./ffax: 038/ 241 77
e-mail: sggtcb @ mbox.vol.cz

. LIBEREC, Tanvaldska 345, tel /fax: 048/ 516 11 42

OSTRAVA, Kiicperova 6, tel./ffax: 069/ 663 40 15
e-mail: sggeo@ova.comp.cz

PARDUBICE, Divadelni 828, tel./fax: 040/ 621 02 68
PﬁiBRAM, Haje-Sachta ¢. 16, tel./fax: 0306/ 200 16
STRIBRO, Tovarni 503, tel./fax: 0183/ 622 281

USTI n.L., Hrbovické 53, tel./fax: 047/ 560 10 68
e-mail: sggtula@mbox.vol.cz

Spole¢nost ma certifikovany systém
fizen( jakosti podle CSN EN 1SO 9001

Odborné informace, konzultace:
Stavebni geologie - GEOTECHNIKA a.s.

" Geologicka 4, 152 00 Praha 5
- tel.: 02/581 84 40, 581 84 90

fax: 02/ 581 79 95, 581 81 95
e-mail: sggtprg@ mbox.vol.cz

= _internet: http://www.sggt.cz




