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VYSTAVBA PODZEMNEJ VODNEJ ELEKTRARNE ILULISSAT - GRONSKO
DEVELOPMENT OF ILULISSAT HYDROPPOWER STATION - GREENLAND

IGOR HARACH

ABSTRAKT

Vystavba podzemnej vodnej elektrdrne Ilulissat v Gronsku bola zacatd v roku 2009 a ukoncend v roku 2014. Nachddza sa na zdpa-
de Gronska v arktickom pdsme, 200 km severne od poldrneho kruhu. Vykon elektrdrne je 22,5 MW a od 31. 10. 2012 zdsobuje elek-
trickou energiou mesto llulissat, ktoré doposial’ vyuZivalo na vyrobu elektrickej energie fosilne palivd. Elektrdren vyuZiva vodu
z dvoch jazier (Paakitsup a Akuliarusersua), ktoré vznikli z topiacich sa ladovcov. Od mesta Ilulissat je vzdialend 60 kilometrov.
Prenos elektrickej energie zabezpeluje nadzemné aj podzemné vedenie vysokého napiitia. Podzemnd elektrdren, privddzacie
a odtokové tunely si umiestnené v trvalo zamrznutej hornine. Geologicky dominuje v danej oblasti predkambrickd rula. Razenie sa
vykondvalo vrtno-trhacimi prdcami, pomocou Norskej tunelovacej metody. Technicky najndrocnejSou castou prdc bolo razenie komo-
ry strojovne, ktord je vysokd 23,4 m, dlhd 34,8 m a Sirokd 13,6 m. Jednym z faktorov, ktoré ovplyviiovali priebeh vystavby podzemnej
vodnej elektrdrne, boli ndrocné klimatické podmienky a zdroven aj taZko dostupnd geografickd poloha stavby.

ABSTRACT

The development of the Illulissat hydropower station in Greenland commenced and was completed in 2009 and 2014, respectively.
It is located in the west of Greenland, in the Artic zone, 200km north of the Arctic Circle. The power plant output amounts to 22.5MW.
It supplies the town of Ilujissa, which till the facility commissioning used fossil fuels for power generation, with electric power since
3157 October 2012. The power plant uses water from two lakes (Paakitsup and Akuliarusersua), which originated from melting glaci-
ers. Its distance from Ilulissat is 60 kilometres. The transition of electric energy is secured both by overhead and underground high-
voltage lines. The underground power plant, headrace and tailrace tunnels are found in permanently frozen ground. Regarding geo-
logy, Pre-Cambrian gneiss dominated in the particular region. The Norwegian Tunnelling Method is applied, using the drill-and-blast
technique. The technically most complicated part of the works was the excavation of the powerhouse, which is 23 4m high, 34.8m long
and 136m wide. Among the factors which influenced the course of the construction of the underground hydropower station there were
demanding climatic conditions and the difficult-to-assess location.

ovoD

2 175 600 km?. Len 15 percent tizemia, priblizne o velkosti
Britskych ostrovov, je trvale bez ladu. ZvySok tizemia pokry-
va Iad dosahujiici miestami hribku az 3000 m. Tento ladovec,
pokryvajici priblizne 1,8 mil. km?, je po Antarktickom Ia-
Tudi, z toho 48 000 Inuitov. Uradnym jazykom je grénéina.

Pre pokrytie vlastnej spotreby elektrickej energie, ¢o predsta-
vuje cca 232 mil. kWh, vyuZiva Grénsko fosilne palivad a vodné
zdroje, a to v pomere 59 % nafta a 41 % vodné zdroje.

Prva vodnd elektraren bola postavend v Grénsku v roku
1993 nedaleko fjordu Bukse, juzne od hlavného mesta Nuuk.
Menovity vykon elektrarne je 30 MW, pricom energia je
doddvana vysokonapitovym vedenim cez dva fjordy. Cez
fjord Ameralik ma toto liniové vedenie najvicSie rozpitie
medzi dvoma stoziarmi (az 5376 m).

Po vodnej elektrarni v Qorlortosuaqu, ktord ma vykon 7,5 MW
(v prevadzke je od roku 2006) a v Sisimiute s vykonom 15 MW
(v prevadzke je od roku 2009), je vodna elektraren Ilulissat tre-
tim projektom gronskej energetickej spolo¢nosti Verkis.

CHARAKTERISTIKA A ZAKLADNE UDAJE STAVBY

Vodnd elektraren Ilulissat leZi na zdpade Grénska
v arktickom pdsme, 200 km na sever od poldrneho kruhu, na
69. stupni severnej Sirky (obr. 2).

INTRODUCTION

Greenland with its
area of 2,175,600km?
is the largest island in
the world (see Fig. 1).
Only 15% of the area,
roughly equal to the
size of British Is-
lands, are permanent-
ly unglaciated. The re-
maining part is cove-
red with ice. Its thick-
ness locally reaches
up to 3000m. This gla-
cier, covering roughly
1.8 million km?, is the
second largest in the
world after the An-
tarctic glacier. The is-
land is inhabited by
a mere 56,000 people;
out of this number,
there are 48,000 Inu-
its there. Greenlandic
is the official langua-
ge there.
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Obr. 1 Mapa Gronska
Fig. 1 Greenland map
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Obr. 2 Schematicky rez vodnou elektrdrniou v Paakitsoq
Fig. 2 Schematic section through the hydropower station in Paakitsoq

Elektrdren ma instalovany vykon 22,5 MW. Elektrickou
energiou, ktord vyrobi pomocou troch 7,5 MW Francisovych
turbin, zdsobuje mesto Ilulissat (obr. 3), kde Zije 4500 oby-
vatelov. Zariadenie nahradilo doterajSie naftové generatory,
takZze mesto uz nezavisi od doddvok pohonnych hmot na
vyrobu elektriny.

Vodnd elektrdren je vzdialend 60 kilometrov severovy-
chodne od Ilulissatu v lokalite Disko Bay — Paakitsoq (obr.
4). Vyuziva vodu dvoch jazier Paakitsup a Akuliarusersua
pochédzajicu z topiacich sa ladovcov. Podzemn4 elektrdren,
privadzacie a odtokové tunely st umiestnené v trvalo zamrz-
nutej hornine. Elektrickd energiu do mesta Ilulissat prendsa
50kilometrové nadzemné aj podzemné vedenie vysokého
napitia.

Podzemné objekty tvoria (obr. 2):

e odtokovy tunel — 1873 m;

e vstupny servisny tunel — 646 m;

e podzemnd strojoviia — 6846 m°;

e hlavny vodny privddza¢ — 1470 m;

e hlavna vpust'— 593 m;

e prepojovaci tunel medzi jazerami 233 a 187 — 1510 m;

o celkovd dizka tunelov — 6093 m.

GEOLOGICKA STAVBA

Geologicky dominuje v danej oblasti predkambricka rula.
Hornina je relativne hrubozrnna, extrémne tvrda a masivna.
Kremen je vrdsovite usadeny do max. hribky 0,5 m a biotit
tvaruje malé zlomové plochy v rule. ZvySeny horninovy tlak
v niektorych Castiach horninoveho masivu spésoboval pro-
blémy pri razeni tunela. Problémové zény sa vyskytovali spo-
radicky v oblasti, ktord obsahovala zlomy.

dialkové elektrické vedenie do llulissatu — 50 km
long distance power line to llulissat - 50km

portalovéa budova
portal building
vstupny servisny tunel

entrance tunnel for services

e

podzemna strojovia
underground turbine hall

odtokovy tunel
tailrace tunnel

Greenland uses fossil fuels to cover its own power con-
sumption, amounting to ca 232 million kWh (54% oil and
41% water resources).

The first hydropower scheme was developed in Greenland
in 1993, near Bukse fjord, south of the capital, Nuuk. The
nominal output of the power plant is 30MW and the power is
supplied through high-tension lines across two fjords. The
largest span between two electricity pylons of up to 5376m is
across Ameralik fjord.

The Ilulissat hydropower plant is the third project realised
by Greenland-based power generation company Verkis, after
the 7.5MW Qorlortosuaqu hydropower scheme (operating
since 2006) and the 15MW Sisimiute plant (operating since
2009).

CONSTRUCTION CHARACTERISTICS
AND BASIC DATA

The Ilulissat hydropower scheme is located in the west of
Greenland, 200km north of the Arctic Circle; it is situated on
the 69th degree of north latitude (see Fig. 2).

The installed capacity of the power plant is 22.5MW. It
supplies the town of ITluissat (see Fig. 3), the population of
which reaches 4500, with electric power generated by means
of three 7.5MW Francis turbines. The facility has replaced
the until then used oil generators, which means that the town
no more depends on supplies of fuels required for the power
generation.

The hydroelectric generating station is located at the
distance of 60 kilometres north-east from Ilulissat, in the
Disko Bay — Paakitsoq location (see Fig. 4). It uses water
from two lakes, Paakitsup and Akuliarusersua, originating



24. rocnik - €. 3/2015

Obr. 3 Mesto Ilulissat
Fig. 3 The town of Ilulissat

TECHNOLOGIA, TECHNICKE PODMIENKY
A VYKONY NA STAVBE

Razenie sa vykondvalo vrtno-trhacimi prdcami, pomocou
Nérskej tunelovacej metédy (NTM). S NRTM — Novou
rakidskou tunelovacou metédou — ma mnoho spolo¢ného,
avSak v skuto¢nosti sa od nej principidlne 1i8i. Rozdiel spoci-
va v hodnoteni geoldgie (Q-systém), v spésobe vystuZovania
vyrazeného diela a v spdsobe izoldcie diela proti priesakom
vody.

Vybavenie pre zaistenie vylomu:

¢ striekand beténovd zmes s ocelovymi alebo plastickymi

vlaknami;

¢ skalné kotvy CT, SN dl. 2—4 m.

Vo vsetkych Castiach tunelov sa pouZzivali tepelne izolova-
né, vyhrievané, plastové vodovodné riry s priemerom
63 mm, 75 mm a 110 mm.

Samotné razenie pozostdvalo z navftania vyvrtov
s priemerom vrtnej korunky 48-51 mm v dizke do 4 m.
Vitanie pomocou poloautomatického systému TML umoz-
novalo presné vitanie profilov podla vopred pripravenej vrt-
nej schémy pre vSetky razené objekty stavby. Tym sa mini-
malizovali neZiaduce nadvylomy a systém umoZznoval aj
spatnd kontrolu obsluhy vrtného stroja. Na rozpojovanie
horniny sa pouzivala sypkd trhavina DAP, ktord sa mieSala
v pomere 3.5 | nafty ku
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from melting glaciers. The underground power plant and the
headrace and tailrace tunnels are found in permanently frozen
ground. Electric power is transmitted to Illulisat through
50km long underground and overhead high-tension lines.

There are the following underground structures there (see
Fig. 2):

¢ the tailrace tunel — 1873m;

¢ the access tunnel — 646m;

* the underground powerhouse — 6846m?;

e the headrace tunnel — 1470m;

¢ the intake 187 tunnel — 593m;

e the tunnel interconnecting the lakes 233 and

187-1510m;
¢ the aggregated length of the tunnels — 6093m.

GEOLOGICAL STRUCTURE

Regarding geology, Pre-Cambrian gneiss dominates in the
particular region. The rock is relatively coarse-grained, extre-
mely hard and massive. Quartz accumulates in bands up to
0.5m thick and biotite forms small fault surfaces in gneiss.
The increased ground pressure caused problems during the
tunnel excavation in some parts of the ground massif.
Problematic zones were sporadically encountered in the area
containing faults.

TECHNOLOGY, TECHNICAL CONDITIONS
AND CONSTRUCTION PERFORMANCE

The excavation was carried out using the Norwegian
Tunnelling Method (NTM) with the application of the drill-
and-blast technique. It has a lot of things common with the
NATM - the New Austrian Tunnelling Method, but in reality
principally differs from it. The difference lies in the assess-
ment of geology (Q-system), in the method of supporting the
excavated opening and in the technique of protecting the
works against water seepage.

Equipment for the excavation support:

» shotcrete reinforced with steel or plastic fibres;
¢ CT rockbolts, SN 2-4m long.

50 kg dusi¢nanu amonného
a pomocou nabijacieho
voza sa ndsledne zafikava-
la do vyvrtov. V tsekoch
s pritokmi vody sa pouZziva-
la plastickd trhavina typu
Eurodyn Magnasplit s roz-
busSkami Nonel, iniciova-
nymi pomocou zdpalnice
na mieste odpalu. V obry-
sovych vyvrtoch sa pouzi-
vala 80g bleskovica. Pre-
vazna Cast tunelovych
objektov bola razend v trie-
de vylomu I. a II, kde sa
zaistenie vylomu vykona-
valo sporadicky v sulade

S projektovou dokumentaciou  Obr. 4 Umiestnenie stavby v Paakitsoq

Fig. 4 Location of the construction site at Paakitsoq




Obr. 5 Razenie odtokového tunela
Fig. 5 Driving the Tailrace Tunnel

stavby, podla ktorej sa v triede vylomu III. a IV. zaistenie
realizovalo systémovo. PoCas razenia sa venovala skuto¢ne
mimoriadna  pozornost  kvalitnému  mechanickému
a ru¢nému zacisteniu Celby po trhacich pracach. Sdstavnym
zahrievanim trvale zamrznutej horniny pocas vyrobného
procesu dochddzalo k jej zvetravaniu. Z hladiska bezpecnos-
ti bolo nevyhnutné opakované spitné ru¢né zacistenie kritic-
kych dsekov podla potreby. Kazdych 200 m tunela bol vybu-
dovany otacaci vyklenok velkosti 400 m® pre potrebu odtaz-
by a dopravy v tuneli.
Odtokovy tunel

Zacal sa razit's trojclennou pracovnou skupinou ako prvy,
a zaroven najdlhsi tunel stavby, celkovej diiky 1873 m
v profile 17,2 m? (obr. 5). Razenie prebiehalo od oktdbra
2011 do augusta 2012. Patria sem aj odtokové chodby
z podzemnej strojovne elektrdrne, v premenlivom profile od
17,2 m? do 79 mz, dlhé 38,5 m. Odtokovy tunel bol razeny
v smere proti pridu vytekajicej vody z turbin elektrarne,
z toho 300 m upadne so sklonom 10 % a 500 m dovrchne so
sklonom 0,2 %. Zostavajica Cast tunela bola razena tpadne
v smere po pride, z toho 250 m so sklonom 10 % a 680 m so
sklonom 0,2 %. Dno tunela pri jeho dsti do mora je umiest-
nené cca 4 m pod jeho hladinou. V tejto Casti sa nachddza aj
pristupovy tunel s profilom 17,2 m2, dlhy 60 m. Bol pouZity
tzv. ,,Water mist* systém, ktory nainStalovala firma Atlas
Copco na vrtny voz. Je to vitanie s 10% spotrebou tlakovej
vody oproti beZne pouZivanému mnoZzstvu.
Vstupny servisny tunel

Bol razeny upadne so sklonom 10 % od septembra 2010
ako druhy objekt stavby (obr. 6). Jeho hlavnu Cast’tvori tunel
diiky 4199 m v profile 30 m?. Tento tunel je prepojeny
dvoma tunelovymi rdrami do odtokového tunela diiky
68,19 m a do hlavného vodného privadzaca diiky 91,5 m, oba
v profile 19,8 m?. Dal3im objektom tejto &asti je transformdtoro-
vé stanica v profile 82,5 m? a kablovy a spojovaci tunel
v profile 18,5 m2, spolu v dizke 46,5 m. Sucastou vstupného
servisného tunela st dva obsluzné vyklenky v profile 49,7 m?
a 15 m? celkovej diiky 20 m. Vsetky uvedené Casti boli ukon-
¢ené v juni 2011.
Podzemna strojoviia

Komora strojovne je vysokd 23,5 m, dlhd 34,8 m a Sirokd
13,6 m. Razenie komory zacalo v novembri 2010 a bolo tech-
nicky dost'ndro¢nou ¢astou prac (obr. 7). Dovody boli viaceré:
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Thermally insulated, heated, plastic water pipelines 63mm,
75mm and 110mm in diameter were used in all parts of the
tunnels.

The excavation itself consisted of the drilling of up to 4m
long holes using 48—51mm bits. The drilling using the semi-
automatic TML system allowed for precise drilling into the
excavation face according to drilling patterns pre-prepared
for all mined structures of the project. In this way, undesired
overbreaks were minimised. The system even allowed for
backchecking on the drilling rig operator. The DAP explosi-
ve powder was used for the rock disintegration. It was mixed
in the proportion of 3.5 litres of fuel oil to 50kg of ammoni-
um nitrate and subsequently was blown into the blast holes
by means of a charging truck. Eurodyn Magnasplit plastic
explosive was used in sections with water inflows. NONEL
detonators were initiated by means of a detonating fuse at the
firing point. The 80g blasting fuse was applied to contour
holes. The majority of the tunnel structures were driven
through rock excavation classes I and II, where excavation
support was carried out only sporadically, in accordance with
the design documents, according to which the support was
installed systematically only in excavation classes III and IV.
Really extraordinary attention was devoted during the course
of the excavation to the high quality mechanical and manual
scaling of the heading after blasting. As a result of the syste-
matic heating of the permanently frozen rock during the pro-
duction process, the rock suffered from weathering. Because
of safety reasons it was unavoidable to manually clear the cri-
tical sections repeatedly, as required. Turning bays (400m?)
were carried out every 200m of the tunnel length for the
needs of the loading and transport of muck in the tunnel.

Tailrace tunnel

It was the first and at the same time the longest tunnel to
start to excavate. Its total length and excavated cross-sectio-
nal area amounted to 1873m and 17.2m?, respectively (see
Fig. 5). The excavation was carried out from October 2011 to
August 2012. Draft tubes from the underground power plant,
35.5m long each, with the cross-sectional areas varying from
17.2m? to 7.9m?, belonged among the workings. The tailrace
tunnel was driven in the direction against the flow of water
discharging from the power plant; 300m of its length were
driven uphill at the gradient of 0.2%. The remaining part was
driven downstream on down gradients of 10% and 0.2%
along the lengths of 250m and 680m, respectively. The tun-
nel bottom at its discharge to the sea is located ca 4m under
the sea surface. The 60m long access tunnel with the profile
of 17.2m? is also located in this part. The so-called ,,Water
mist system was installed by Atlas Copco on the drill rig.
Owing to this system, the consumption of pressurised water
for drilling is reduced to 10% in comparison with the com-
mon consumption.

Access tunnel

It was driven down a 10% grade from September 2010 as
the second structure of the project (see Fig. 6). The main part
of it is formed by a 419.9m long tunnel with the cross-secti-
onal area of 30m?. This tunnel is interconnected by two tun-
nel tubes with the 68.19m long tailrace tunnel and the 91.5m
long headrace tunnel; the cross-sectional area of both tunne-
Is is 19.8m>. Another structure of this part is the transformer
station with the cross-sectional area of 82.5m? and the
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Obr. 6 Vitanie vyvrtov vo vstupnom servisnom tuneli
Fig. 6 Drilling in the access tunnel

povolend minimdlna tolerancia odchylenia sa od predpisané-
ho vylomu, clenitost dna s jeho premenlivou vyskou
a lokdlne geologické poruchy s nevyhodnym smerovanim
uloZenia horninovej masy. Prdce boli rozdelené na dve etapy.
V prvej etape sa razila vrchnd Cast’ komory v oblikovom
tvare, ukoncend v spodnej Casti oboch strdn nosnou hranou
Zeriavovej drahy. V tejto Casti bola pouzitd ,,Metoda hladké-
ho vylomu“, navitanim obrysovych dier s max. odstupom
15-20 cm s pouzitim 80g bleskovice. Zaistenie vrchnej Casti
komory bolo realizované striekanou beténovou zmesou
s plastickymi vldknami a zabudovanim systematickych 4 m
dlhych skalnych CT kotiev. Na previazanie Zeriavovej drdhy
boli zabudované v uvedenom mieste 6 m dlhé skalné SN
kotvy pod presnym uhlom. Druhd etapa pozostdvala z razenia
spodnej Casti komory metddou ,,Prespliting™. Po obvode stro-
jovne sa navitali vyvrty s odstupom 20 cm a pocas odpalu
bola tdto Cast horniny rozpojend v ¢asovom predstihu oproti
zvySku rozpojovanych hornin. Celkovo bolo potrebnych 77
dni do ukoncenia vrtno-trhacich prac v tejto Casti projektu.
Na pracovisku boli striedavo, podla typu prdave prebiehaji-
cich prac, nasadzovani 2 az 4 pracovnici.
Hlavny vodny privadzac

Dizka tunela je 1470 m s profilom 17,2 m?. Raziace price
prebiehali v obdobi od marca 2011 do médja 2012. Tunel bol
razeny dovrchne, v smere proti pridu vtekajicej vody
do turbin elektrarne, z toho 570 m so sklonom 1,3 %, 500 m so
sklonom 7 % a 400 m so sklonom 16 %. Aj v tomto tuneli st
v danom pripade situované pritokové chodby do podzemnej
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18.5m? profile cable tunnel and a connecting tunnel, at the
aggregated length of 46.5m. Two service recesses with the
profile of 49.7m? and 15.7m?, respectively, and at the aggre-
gated length of 20m are parts of the access tunnel. All of the
above-mentioned parts were finished in June 2011.

Powerhouse

The powerhouse chamber is 23.5m high, 34.8m long and
13.6m wide. The excavation of the chamber commenced in
November 2010 and was a technically quite demanding part
of the works (see Fig. 7). There were the following reasons:
the minimum tolerance permitted for the deviation from the
prescribed excavation contour, the dissected bottom with its
variable height and local geological faults with unfavourable
trends of the rock bedding. The work was divided into two
stages. The curved-shape upper part of the chamber, which
was terminated in the lower part of both sides by a load-bea-
ring edge of a crane track, was driven during the first stage.
In this part, the Smooth Blasting Method was applied, with
contour holes drilled at the maximum spacing of 15-20cm,
using an 80g detonating fuse. The support of the upper part
of the chamber was provided by shotcrete reinforced with
plastic fibres and systematic 4m long CT rock bolts. The
crane track was tied with 6m long SN rock bolts installed at
a precise angle. The second stage consisted of the excavation
of the lower part of the chamber, using the “Pre-spliting tech-
nique. Holes were drilled at 20cm spacing around the
powerhouse cavern contour and the rock was disintegrated in
advance of the remaining proportion of the rock to be disin-
tegrated. The completion of the drill-and-blast operations
required for this part of the project claimed the total of 77
days. Two to four workers, depending on the type of the work
just underway, were alternately deployed at the workplace.

Headrace tunnel

The cross-sectional area of the 1470m-long tunnel amounts
to 17.2m”. The headrace tunnel was driven in the direction

against the flow of water flowing to the powerhouse turbines;
570m of its length were driven uphill at the gradient of 1.3%,
500m on the gradient of 7% and 400m on the gradient of
16%. Even in the case of this tunnel, the gradient of the 50m-
long, 17.2m? to 6.7m? cross-sectional area penstocks leading
to the underground powerhouse varies. Up to 14m of these

Obr. 7 Druhd etapa razenia podzemnej strojovne
Fig. 7 The second stage of the underground powerhouse excavation




Obr. 8 Ruéné vitanie vyvrtov hlavného vodného privdadzaca
Fig. 8 Manual drilling of holes in the headrace tunnel

strojovne elektrarne, s premenlivym profilom od 17,2 m? do
6,7 m?,dlhé 50 m. A% 14 m tychto tunelovych rir bolo vyra-
zenych ruénym vitanim vyvrtov pomocou hydro-pneuma-
tického vrtného stroja (obr. 8). Po trase si umiestnené tri
zachytné Sachty, budované vzdy po celej Sirke tunela.
Priblizne polovica tunela bola razend spolu s nezdvislou
proticelbou v Casti podzemnej strojovne, alebo odtokového
tunela s nasadenim S$tvorClennej, neskor len trojClennej
osddky. Poslednych 200 m razenia boli vykondvané predvr-
ty, a v pripade potreby aj injektdz, ako u nasledujiceho
tunela.
Hlavna vpust

Islo o technicky najndrocnejSiu Cast’ diela (obr. 9), kde sa
pouzila tzv. Nérska metdéda prerdzky jazera. Pristupovym
tunelom s profilom 17,2 m?, dlhym 497 m sa pribliZilo pod
hladinu jazera s oznacenim 187 m n. m., kde vySkovy rozdi-
el od dna tunela po okraj hladiny jazera bol 55 m. Od zaciat-
ku razenia pod hladinou vody sa vrtali Styri 24 m prieskum-
né vrty, nasledne osemndst’ 16 m dlhych injektaZnych vrtov,
ktoré boli pod predpisanym tlakom zaplnené cementovou
zmesou. Otvdralo sa tromi skratenymi 2,5 m zdbermi a tento
proces sa cyklicky opakoval. Potom bola smerom k stredu
jazera vyrazend kaverna pre hlavny uzaver vody diiky
14,8 m v objeme 880 m? rozpojenej horniny.

Obr. 9 Zaistbvanie portdlu hlavnej vpuste
Fig. 9 Stabilisation of the intake 187 tunnel portal

24. rocnik - €. 3/2015

tunnel tubes were driven using a hydro-pneumatic hand-held
drill (see Fig. 8). Three rocktraps, which were always carried
out across the whole tunnel width, are distributed along the
route. Approximately a half of the tunnel was driven concur-
rently with the independent counter-heading in the area of the
powerhouse or the tailrace tunnel, using crews of four and
later only three. The last 200m long section was carried out
by means of pre-drilled holes and, if necessary, grouting, as
in the case of the following tunnel.

Intake 187 tunnel

It was the technically most complicated part of the project
(see Fig. 9), where the so-called Norwegian Method of brea-
king through to the lake was applied. The excavation got to
the vicinity of the lake surface through the access tunnel with
the cross-sectional area of 17.2m? and the length of 497m,
marked as the 187m a.s.l., where the difference in altitudes of
the tunnel bottom and the lake surface edge was 55m. At the
beginning of driving the tunnel under the water surface, four
24m-long probe holes were bored. Subsequently, eighteen
16m long probe holes were carried out and filled with cement
mixture at the prescribed pressure. The tunnel was opened by
three excavation rounds with the length reduced to 2.5m
each. This process was cyclically repeated. The following
steps toward the lake centre followed:

The cavern for the main water valve with the length of
14.8m and the disintegrated rock volume of 880m> was exca-
vated.

Two interconnecting tunnels were driven at the end of the
cavern, perpendicularly to its axis (see Fig. 10). The cross-
sectional area of each of them amounts to 17.2m?. The right-
hand one is 11.7m long, whilst the length of the left-hand one
is 8.6m.

A 16.2m deep shaft with the dimensions of 3x3m was exca-
vated at the end of the right-hand interconnecting tunnel. It
connected the main water supply — the headrace tunnel — with
the intake tunnel.

The last part, the intake cavern with the volume of 6700 m,
was driven from the left-hand interconnecting tunnel. It is
19.2m high, 45.2m long and 14m wide in the lower half of
the profile. The roof is arched. It is supported with shotcrete
and sporadic 3m long CT rock bolts. The sidewalls are sup-
ported in the lower half systematically with similar rock
bolts. Holes for the final blasting were drilled around a 6.6m
diameter circular contour at the highest point of the cavern.
The length of the drillholes made to the hard rock ranged
from 1.5m to 7.5m.

Power supplies to the town of Ilulissat commenced on the
31st October 2012, after Norwegian specialists successfully
broke through the lake bottom covered with an up to 12m
thick layer of sediments on the 30th September.

CLIMATIC CONDITIONS

As a neighbour of the North Pole, Greenland has the Arctic
climate, despite the fact that there are significant differences
from the north to the south and from the coast to the inland.
It is in general possible to say that the climate is very dry and,
as a result, the felt air temperatures are completely different
from the majority of other places in the world. Temperatures
ranging from 10-15°C appear to be very hot, whilst -10°C is
an equivalent to a pleasant temperature. The lowest tempera-
ture during the construction period reached -38°C. The sun
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Na konci kaverny sa kolmo na jej os vyrazili dva prepojo-
vacie tunely (obr. 10) v profile 17,2 m?. Pravy ma dizku
11,7 m a lavy 8,6 m.

Na konci pravého prepojovacieho tunela bola vyrazena
Sachta do hibky 16,2 m s rozmermi 3x3 m, ktord spojila hlav-
ny vodny privddzac s vpustou.

Z Tavého prepojovacieho tunela bola razend posledna Cast,
kaverna vpuste s objemom 6700 m>. Je vysokd 19,2 m, dlhd
45,2 m a §irokd 14 m v spodnej polovici kaverny. Strop je
oblikovity, zaisteny strieckanou beténovou zmesou a spo-
radickymi 3 m skalnymi CT kotvami. Bo¢né ostenie je zai-
stené v spodnej polovici systematicky podobnymi skalnymi
kotvami. V najvy$Som mieste kaverny boli navitané vyvrty
s obrysom Vv tvare kruhu priemeru 6,6 m pre findlny odpal.
Dizka vyvrtov v pevnej hornine bola od 1,5 m do 7,5 m.

Dna 30. 9. 2012 po vydarenom prvom odpale na svete
s prerazenim tunela cez dno jazera s hribkou sedimentov do
12 m, realizovanom $pecialistami z Norska, bola dna 31. 10.
2012 spustend dodédvka elektrickej energie do mesta
lulissat.

KLIMATICKE PODMIENKY

Ako sused severného pélu méa Grénsko arktické podnebie,
aj ked st tu velké rozdiely od severu k juhu, a od pobreZia do
vnitrozemia. VSeobecne mozno povedat, ze klima je velmi
suchd a v dosledku toho sa tu teploty pocituji dplne odlisne,
ako vo vicSine inych miest na svete. Teploty 10-15 °C sa
javia ako velmi teplé, zatial o —10 °C je ekvivalent na pri-
jemnd teplotu. NajnizSia teplota v priebehu vystavby bola do
—38 °C. V Ilulissate slnko nikdy nezapada od 25. mdja do 25.
jula a absolitna tma pocas poldrnej noci trvd 4 tyzdne, kedy
slnko vobec nevychddza nad obzor. Poldrna Ziara sa objavuje
po cely rok.

ZAVER

Jednym z faktorov ovplyvnujicich priebeh vystavby bolo
pocasie a poloha stavby. Tie boli rozhodujicimi pre logisti-
ku osob, materidlov a strojnych vybaveni. Jedind moZnd
doprava bola lodnd a leteckd. Nepriaznivé poCasie vyznam-
ne menilo ¢asovy harmonogram stavby. Tieto faktory mali
samozrejme aj vplyv na celkovi psychiku pracovnikov,
preto bolo potrebné zabezpeclit pre nich nadStandardni sta-
rostlivost, ¢i uz islo o kvalitnd stravu formou bufetu, alebo
poskytnutie Sirokej Skdly moZnosti vyzitia sa v osobnom
volne — internet, sauna, vonkajs$i teply mini bazén, mald
posilnovna, sitazné spolocenské hry, biliard a TV miestnos-
ti s domédcim kinom.

IGOR HARACH, igor.harach@tucon.sk,
TuCon, a. s.

Recenzovali: Ing. Jozef Frankovsky,
Ing. Branislav Neuschl
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Obr. 10 Nabijanie vyvrtov v Celbe prepojovacieho tunela
Fig. 10 Charging the blast holes in the interconnecting tunnel face

never sets from the 25th May to the 25th July, whilst the abso-
lute darkness during the polar night lasts for 4 weeks, when
the sun never at all rises over the horizon. The northern lights
appear throughout the year.

CONCLUSION

Among the factors affecting the course of the construction
were the weather and the location of the site. They were cru-
cial for the logistics of people, materials and mechanical equ-
ipment. The only possible transport was by shipping and air
traffic. The unfavourable weather significantly changed the
works schedule. Of course, these factors even influenced the
overall psyche of workers. It was therefore necessary to pro-
vide them with extraordinary care not only as far as the high
quality meals served in the buffet were concerned, but also
with respect to the wide range of the of options for enjoyment
during the personal leisure time — the Internet, a sauna, an
outer warm-water mini pool, a small bodybuilding gym, com-
petitive social games, billiard and TV rooms with a home
cinema.

IGOR HARACH, igor.harach®@tucon.sk,
TuCon, a. s.
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