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ABSTRAKT

V soucasnosti probihd dokonceni Podzemniho vyzkumného pracovisté Bukov I, které se v roce 2025 otevie novym experimentiim zameé-
Fenym na pochopeni vyvoje a chovdni inZenyrskych bariér a validaci transportnich, teplotnich a geomechanickych modelii. Pracovisté se
nachdzi v geologickém prostredi metamorfovanych hornin. Jednd se o migmatitizované pararuly aZ migmatity a amfibolity. Projekt Geolo-
gickd a geotechnickd charakterizace horninového prostredi — PVP Bukov I1, jehoZ dil¢i vysledky jsou reprezentovdny v tomto ¢ldanku, md
za cil sbér, uloZeni a interpretaci dat ve formé 3D modelu s akcentem na ziskdni postupii klasifikace horninového prostredi vhodnych pri
budovdni hlubinného iiloZisté. Jeho plnéni zahrnuje geologickou a geotechnickou dokumentaci, petrografické, mineralogické a strukturné-
-geologické analyzy, hydrogeologické charakterizace, stanoveni fyzikdlné-mechanickych viastnosti hornin in situ a v laboratori, geofyzi-
kdlni méreni, monitorovdni seismickych efektii trhacich praci a analyzu EDZ. Tento cldnek se zaméruje na dokumentaci celeb v priibéhu
raZeb. Kromé pouZiti tfech standardnich klasifikacnich systémii byla pro dokumentaci vyuZita metoda fotogrammetrie. Findlni stav celého
vyraZeného dila byl dokumentovdn pomoci laserového skenovdni. Poufiti fotogrammetrie zajistilo presnéjsi vystup v podobé 3D foto-
grammetrického modelu celby.

ABSTRACT

Bukov Underground Research Facility 11 is currently being completed, and will open in 2025 for new experiments aimed at understanding
the development and behavior of engineering barriers and validating transport, temperature and geomechanical models. The workplace
is in a geological environment of metamorphic rocks. These are migmatitized pararules to migmatites and amphibolites. The project
Geological and geotechnical characterization of the rock mass — Bukov URF 1, partial results of which are represented in this article,
aims to collect, store and interpret data in the form of a 3D model with an emphasis on obtaining rock mass classification procedures
suitable for the construction of a deep geological repository. The project fulfilment includes geological and geotechnical documentation,
petrographic, mineralogical and structural-geological analyses, hydrogeological characterization, determination of physical-mechanical
properties of rocks in situ and in the laboratory, geophysical measurements, monitoring of seismic effects of blasting and EDZ analysis.
This article focuses on the documentation of tunnel faces during the excavations. In addition to the use of three standard classification
systems, the photogrammetry method was used for documentation. The final state of the entire excavation was documented using
laser scanning. The use of photogrammetry ensured a more accurate output in the form of a 3D photogrammetric model of the tunnel
face.
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Podzemni vyzkumné pracovist¢ Bukov (PVP Bukov) je urceno
k vyzkumu, vyvoji a demonstracnim aktivitim v rdmci projektu
&eského hlubinného tlozisté (HU), na jehoZ p¥ipravé pracuje Spra-
va tiloZist radioaktivnich odpadii (SURAO). Planované &eské HU
mé byt umisténo v krystalickych horninich, tedy vyvrelych nebo
pfeménénych horninach, pfiblizné¢ 500 metrti pod zemi. V aktu-
alni fazi projektu SURAO charakterizuje Cty¥i lokality v ramci
Ceského masivu tak, aby z nich do roku 2030 mohla zvolit finalni
i zaloZni. SoubéZné s tim se zaméfuje na zlepSeni matematickych
modeli, které prokazuji bezpecnost Ceského multibariérového
konceptu.

Soucasti procesu pripravy HU je ziskdvani dat a zkuSenosti
z podzemnich laboratoii z podminek, které odpovidaji prostiedi
planovaného tlozisté. Jiz od devadesatych let SURAO spolupracu-
je na projektech v zahrani¢nich podzemnich laboratorich, jako jsou
Aspd ve Svédsku nebo Grimsel ve Svycarsku, a postupné vyuZziva
rovnéz doméci pracovisté, jako jsou Stola Josef a tunel Bedfichov.
Vyznamnym krokem bylo v roce 2013 zahdjeni stavby vlastniho
pracovi$té€ v byvalém uranovém dole Rozna I, v hloubce odpo-

vidajici zamyslené hloubce ulozisté. PVP Bukov, zarazené mezi
generické podzemni laboratore podle NEA-OECD [1], poskytuje

INTRODUCTION

The Bukov Underground Research Facility (URF) is intended for
research, development and demonstration activities within the Czech
deep geological repository (DGR) project, which is being prepared
by the Radioactive Waste Repository Authority (SURAO). The
planned Czech DGR is to be located in crystalline rocks, i.e. igneous
or metamorphosed rocks, approximately 500 meters underground.
In the current phase of the project, SURAO is characterizing four
localities within the Bohemian Massif in such a way that by 2030 it
can choose the final and backup sites. At the same time, it focuses
on improving mathematical models that demonstrate the safety of
the Czech multibarrier concept.

Part of the process of preparing the DGR is obtaining data and
experience from underground laboratories from conditions that
correspond to the environment of the planned repository. Since
the 1990s, SURAO has been collaborating on projects in foreign
underground laboratories, such as Aspd in Sweden or Grimsel in
Switzerland, and is gradually also using domestic workplaces such
as the Josef gallery and the Bedfichov tunnel. In 2013, a significant
step was the start of the construction of own workplace in the former
Rozné [ uranium mine, at a depth corresponding to the intended depth
of the repository. The Bukov URF classified as generic underground
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Obr. 1 VyFez diilni mapy s umisténim PVP Bukov I a IT
Fig. 1 Cutout of the mine map with the location of Bukov URF I and 11

SURAO prostor a podminky pro experimenty, které jsou dileZité
pro aktudlni fazi vyvoje konceptu hlubinného tloZisté. Provoz la-
boratofe vCetné souvisejici infrastruktury je zajistovan ptvodnim
spravcem dolu, DIAMO s.p.

Prvni ¢4st laboratofe (PVP Bukov I), ktera byla uvedena do pro-
vozu v roce 2017, se nachazi u jamy B-1 pod obci Bukov v kraji
Vysocina a sestava z 475 metr chodeb a zkuSebnich komor. Od
roku 2013 bylo v dole realizovdno 12 vyzkumnych projektt, pri-
¢emz dalSich osm experimentl probihd. Dalsi planované experi-
mentdlni a demonstracni aktivity budou postupné napliiovat nové
laboratorni komory PVP Bukov II podle planu Vyzkumu a vyvoje
[2], pficemzZ provoz zafizeni je aktudlné planovin minimalné do
roku 2035 (obr. 1).

Novy systém raZzenych chodeb oznacovany PVP Bukov II se na-
chézi v blizkosti jamy B-2 a jeho pozice byla urcena na zakladé
vhodnych geologickych podminek zjisténych vrtnym prizkumem
a také na zékladé piihodnych technologickych podminek pro rea-
lizaci budoucich experimentii. Dostate¢na vzdalenost dvou Casti
pracovisté zarucila, Ze v prabéhu razeb, které probihaly od ledna
2021 do dubna 2024, nedoslo k ovlivnéni nebo poskozeni probiha-
jicich experimentt. V rdmci PVP Bukov II se budou v nésleduji-
cich letech realizovat experimenty zaméfené na pochopeni vyvoje
a chovdni inZenyrskych bariér a validaci transportnich, teplotnich
a geomechanickych modeld.

Projekt Geologicka a geotechnicka charakterizace PVP Bukov II,
jehoz dil¢i vysledky jsou reprezentovany v tomto ¢lanku, mé za cil
sbér, uloZeni a interpretaci dat ve formé 3D modelu s akcentem
na ziskani postupti klasifikace horninového prostedi vhodnych pti
budovini HU. Jeho plnéni zahrnuje geologickou a geotechnickou
dokumentaci, petrografické, mineralogické a strukturné-geologic-
ké analyzy, hydrogeologické charakterizace, stanoveni fyzikalné-
-mechanickych vlastnosti hornin in situ a v laboratofi, geofyzikalni
méreni, monitorovani seismickych efektd trhacich praci a analyzu
z6ny poskozeni horniny (EDZ).
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laboratories according to NEA-OECD [1], provides SURAO with
space and conditions for experiments that are important for the
current development phase of the deep geological repository concept.
The operation of the laboratory, including the related infrastructure,
is provided by the original mine manager, DIAMO s.p.

The first part of the laboratory (Bukov URF I), which was put into
operation in 2017, is located at the B-1 shaft below the village of
Bukov in the Vysocina region and consists of 475 meters of corridors
and test chambers. Since 2013, 12 research projects have been
implemented at the mine, with another eight experiments underway.
Other planned experimental and demonstration activities will
gradually fill the new Bukov URF II laboratory chambers according
to the Research and Development plan [2], while the operation of the
facility is currently planned until at least 2035 (Fig. 1).

The new tunnel system, designated Bukov URF II, is located
near the B-2 shaft and its position was determined by suitable
geological conditions found by the drilling survey, as well as by
suitable technological conditions for the implementation of future
experiments. Sufficient distance between the two parts of the site
ensured that during the excavations, which took place from January
2021 to April 2024, the ongoing experiments were not affected
or damaged. In the framework of Bukov URF II, experiments
focused on understanding the development and behavior of
engineered barriers and the validation of transport, temperature and
geomechanical models will be carried out in the following years.

The project Geological and geotechnical characterization of
Bukov URF II, partial results of which are represented in this
article, aims to collect, store and interpret data in the form of a 3D
model with an emphasis on obtaining rock mass classification
procedures suitable for the construction of the DGR. Its performance
includes geological and geotechnical documentation, petrographic,
mineralogical and structural-geological analyses, hydrogeological
characterization, determination of physical-mechanical properties
of rocks in situ and in the laboratory, geophysical measurements,
monitoring of seismic effects of blasting and analysis of rock
excavation damage zone (EDZ).

GEOLOGY OF THE LOCATION

The environment of Bukov URF II is made up of metamorphic
rocks. These are mainly more or less migmatitized pararules to
migmatites and amphibolites. Individual lithologies alternate quite
often, and pararules to migmatites and migmatitized amphibolites
smoothly transition into each other. Throughout Bukov URFII there
are amphibolite beds and more rarely positions of coarse-grained
pegmatite, as well as quartz-carbonate veins with multigenerational
calcite and quartz. Dolomitic-ankeritic carbonate also occurs
locally. Sulfide mineralization is mainly represented by pyrite on
fracture surfaces and in veins, and to a lesser extent by pyrrhotite.
Small zeolites and barite are found in the cavities. Geochemical
characteristics show that the metasedimentary rocks correspond to
originally unsorted sandstone derived from immature sources of
clastic material, while the metavolcanic rocks chemically represent
originally basaltic lavas.

The metamorphic foliation typically dips to ~SW at moderate
angles in the range of 35 to 55 degrees. It often contains relict fold
structures with generally subhorizontal fold axes. Brittle faults
are represented relatively homogeneously in the profile of the
corridor and are most often extensional type I fractures. They occur

individually or in fracture zones with different density of fractures,
shear fractures occur only exceptionally. Fractures and fracture
zones usually run in the E-W to NE-SW and NW-SE directions




Obr. 2 Fotodokumentace geologickych struktur, a — dokumentace nové vyraZenych prostorii, b — nejvy-
raznéjsi diskontinuitni plocha paralelni s metamorfni foliaci horniny, ¢ — priklad striZné pukliny, d — tii

rizné vyplné stfizné pukliny

Fig. 2 Photo documentation of geological structures, a — documentation of newly excavated spaces,
b — the most pronounced discontinuous surface parallel to the metamorphic foliation of the rock, ¢ — an

example of a shear fracture, d — three different fillings of a shear fracture

GEOLOGIE LOKALITY

Prostfedi PVP Bukov II je tvofeno metamorfovanymi hornina-
mi. Jedna se zejména o vice ¢i méné migmatitizované pararuly
az migmatity a amfibolity. Jednotlivé litologie se pomérné casto
stfidaji a pararuly aZ migmatity a migmatitizované amfibolity do
sebe plynule prechézeji. V celém PVP Bukov II se vyskytuji bu-
diny amfibolitd a vzacnéji polohy hrubozrnného pegmatitu, déle
jsou zde pritomny kiemen-karbonatové Zily s vicegenera¢nim kal-
citem a kiemenem. Lokalné se vyskytuje i dolomiticko-ankeriticky
karbonat. Sulfidickd mineralizace je na plochich puklin a v Zilach
zastoupena predevSim pyritem, méné pak pyrhotinem. V dutinich
se vyskytuji drobné zeolity a baryt. Geochemické charakteristiky
ukazuji, Ze metasedimentarni horniny odpovidaji pivodné nevytii-
dénému piskovci derivovanému z ne-
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with different dips. Faults are relatively rare
and their thickness usually reaches max.
a few cm. More significant discontinuities in
the Bukov URF II space are the positions of
biotite-rich reactivated foliations (Fig. 2).

A detailed description of the geology is
provided in interim reports [3, 4, 5].

EXCAVATIONS

During the excavation of the corridors for
Bukov URF 1I, standard geotechnical do-
cumentation of the rock mass was carried out
for individual excavation rounds (Fig. 3). The
output of this documentation was an evaluation
of three index classification systems. The goal
of using these index classification systems
is traditionally part of the monitoring of
underground structures and information for the
evaluation of the stability of the mine work,
or a forecast for future excavation rounds. In
the case of Bukov URF II, a parallel goal will
also be to find out the possibilities of using
index classification systems or their parts for
the needs of evaluating the suitability of mined
workings for long-term radioactive waste
disposal.

For the geotechnical documentation of the rock mass in each
advance, three index classification systems used in underground
construction (RMR [6], QTS [7, 8]) and the Q system [9] were used.
These index classifications are calculated on the basis of parameters
monitored directly on the face and walls of the excavation. The
rock mass was most often contained two discontinuity sets, while
the fracturing was close to fault zones with up to three sets with
other irregular discontinuities. In several places, the rock mass was
essentially only irregularly fractured. The average distance of the
discontinuities was from 0.04 to 2m with an average distance of
0.2m. Discontinuity planes were mostly interrupted. The surfaces
of the discontinuities were most often wavy and rough. Faults and
shear fractures were most often closed or firmly healed by calcite or
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subhorizontdlnimi vrasovymi osami.
Ktehké poruchy jsou zastoupeny
v profilu chodby relativné homogen-
né a jednd se nejCastéji o extenzni
pukliny typu L. Ty se vyskytuji indi-

vidudlné nebo v puklinovych zonéach
s riznou hustotou puklin, jen vyji-
mecné se vyskytuji pukliny stfiz-
né. Pukliny a puklinové zény maji
obvykle pribéh ve smérech V-Z

emi mmmme g m—

az SV-JZ a SZ-JV s riznymi tklo-

ny. Zlomy jsou relativné vzacné a je-
jich mocnost obvykle dosahuje max.

Obr. 3 Vzorovd dokumentace celby a formuldr pro vypocet indexovych klasifikaci
Fig. 3 Sample of tunnel face documentation and classifications index calculation form
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nékolika cm. Vyznamnéjsi diskontinuity v prostoru PVP Bukov II
tvori polohy biotitem bohatych reaktivovanych foliaci (obr. 2).
Detailni popis prostiedi je uveden v priabéznych zpravach [3, 4, 5].

RAZBY

V pribéhu razby chodeb pro PVP Bukov II byla provadéna stan-
dardni geotechnickd dokumentace horninového masivu pro jednot-
livé zabery (obr. 3). Vystupem této dokumentace bylo vyhodnoceni
ve tfech indexovych klasifikacnich systémech. Cilem uZiti té€chto
indexovych klasifikacnich systému tradi¢né byva hodnoceni kvali-
ty horninového masivu jako souc¢ast monitoringu podzemnich sta-
veb, v¢etné informace pro zhodnoceni stability podzemniho dila ¢i
jeji prognézy do budoucich zabérii razeného dila. V pripadé fese-
ného PVP Bukov II bude navic paralelnim cilem zjistit moZnosti
uziti indexovych klasifikacnich systému i jejich ¢asti pro potieby
vyhodnoceni vhodnosti dilniho dila pro dlouhodobé uloZeni radio-
aktivniho odpadu.

Pro geotechnickou dokumentaci horninového masivu v kazdém
zabéru bylo uZito tii indexovych klasifikacnich systému uZiva-
nych v podzemnim stavitelstvi (RMR [6], QTS [7, 8]) a Q systém
[9]. Tyto indexové klasifikace jsou pocitany na zdkladé paramet-
ru sledovanych pfimo na Celbé a sténach dtlniho dila. Horninovy
masiv byl nejcastéji rozpukany ve dvou diskontinuitnich systé-
mech, pficemZ rozpukani bylo v blizkosti poruchovych pdsem
az ve tfech systémech s dal§imi nepravidelnymi diskontinuitami.
V nékolika mistech byl horninovy masiv v podstaté pouze nepra-
videlné rozpukany. Primérnd vzdélenost diskontinuit byla od 0,04
po 2 m s primérnou vzdalenosti 0,2 m. Systémy diskontinuit byly
vétSinou nepribézné. Povrchy diskontinuit byly nejcastéji zvinéné
adrsné. Zlomy a stfizné pukliny byly nejcastéji seviené nebo pevné
vyhojené kalcitem, pfipadné kiemenem. Nékolik podruznych stfiz-
nych puklin bylo vyplnéno jilem s rozevienim az 20 mm, ojediné-
le s ohlazy. Pevnost horniny v prostém tlaku dosahovala hodnot
v rozmezi 50-130 MPa s priimérnou hodnotou 100 MPa. Primérna
hodnota RQD byla 87 % s ojedin€lymi vykyvy mezi 35-100 %.
V prostoru PVP Bukov II je horninovy masiv pomérné suchy s re-
lativné malymi pfitoky vdzanymi hlavné na tektonické poruchy
horninového masivu. Proto se méné Casto ménily parametry cha-
rakterizujici vliv podzemni vody a tim mély maly podil na vypocet
bodil indexovych klasifikaci. Ostatni parametry, jako SRF v pfi-
padé Q systému a jiné, se ménily pouze sporadicky. Obecné jsou
rizné klasifikacni systémy vhodné pro riiznd horninova prostredi.
Uzité indexové Kklasifikace se mirné 1iSi v parametrech, které

quartz. Several minor shear fractures were filled with clay with an
opening of up to 20mm, rarely slicken sided.

The rock uniaxial strength reached values in the range of
50-130MPa with an average value of 100MPa. The average RQD
value was 87% with occasional fluctuations between 35-100%.
In the area of Bukov URF II, the rock mass is relatively dry with
relatively small inflows mainly linked to tectonic disturbances of the
rock mass. Therefore, the parameters characterizing the influence
of groundwater varied less often and thus had a small impact on
the classification index calculation. Other parameters, such as SRF
in the case of the Q system and others, changed only sporadically.
In general, different classification systems are appropriate for
different rock environments. The index classifications used differ
slightly in the parameters they evaluate, as well as in the degree
of importance they assign to individual parameters. The differences
in the evaluated parameters are reflected in the slight difference of
the index evaluation in the index classification systems (Fig. 4).
Despite these differences, however, all parameters show on average
the characteristics of a very good rock environment, which led to
relatively high index values of the index classification systems.

The excavations are supported throughout Bukov URF II by
chemical composite anchor rods (bolts) with a plastic washer plate,
and seven radially installed bolts with a spacing of one to three
meters, depending on the quality of the rock mass. Deteriorated
properties of the rock mass were observed only at the intersection
of tectonic faults with a slightly tilted foliation surface, especially
in places where the rock in a narrow 10cm thick strongly biotitic
position has significantly reduced strength due to alteration and
deformation. For this reason, TH steel ribs were used to secure
the excavation, and only in two approximately eight-meter long
sections. The standard reduction in the quality of excavated walls
due to the higher rock stresses near the crossing of the corridors was
compensated support of sprayed concrete.

The underground space of the new Bukov URF II consist of
six parallel corridors with lengths of 95, 90 and 75 meters. These
corridors are connected by four ventilation corridors. A total of
13 ten-meter blind test chambers were created in selected corridors
for future experiments. Excavation of the new underground space
took place gradually from February 2021 to April 2024 and follows
the original corridors of the RoZnd mine. Excavation usually took
place only on one active face, exceptionally on two, for operational
and transport reasons arising from the rail transport of material
in the Rozna mine. The length of the excavation rounds was the

indexové klasifikace v chodbé L5

smér razby

pocet bod pro klasifikaci QTS a RMR

pocet bodu pro klasifikaci Q

staniceni chodby

Obr. 4 Vyhodnoceni klasifikacnich systémii na prikladu chodby L5
Fig. 4 Evaluation of classification systems on the example of corridor L5
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vyhodnocuji, a také v mife vaznosti, kterou jednotlivym parame-
trim pfisuzuji. Odlisnosti ve vyhodnocovanych parametrech se
odréazi v mirné rozdilnosti bodového ohodnoceni indexovych klasi-
fikacnich systému (obr. 4). Pies tyto rozdily vSak vSechny parametry
vykazuji v priméru vlastnosti velmi dobrého horninového prostfe-
di, které vedly k relativné vysokym hodnotdm bodd indexovych
klasifikacnich systému.

Zajisténi vyrubu je v celém PVP Bukov II provedeno lepenymi
kompozitovymi kotevnimi ty¢emi (svorniky) s plastovou podloz-
kou ve v¢jifi s poctem sedm kust a rozestupem jeden az tii metry
v zavislosti na kvalit¢ horninového masivu. ZhorSené vlastnosti
horninového masivu byly pozorovany pouze v misté kiizeni tek-
tonickych poruch s mirné uklonénou plochou foliace, predev§im
v mistech, kde ma hornina v tzké decimetrové silné biotitické po-
loze vlivem alterace a deformace vyrazné sniZenou pevnost. Z to-
hoto divodu byla k zajisténi vyrubu uZita TH vyztuz, a to pouze ve
dvou pfiblizné osmimetrovych usecich. Standardni sniZeni kvality
vyrubu v disledku vyssi napjatosti masivu v blizkosti kiiZzeni cho-
deb bylo feSeno vyztuzenim stiikanym betonem.

Prostory nového PVP Bukov II tvofi Sest paralelnich chodeb o dél-
kach 95, 90 a 75 metrt. Tyto chodby jsou propojené ctyrmi vétracimi
chodbami. Ve vybranych chodbach vzniklo souhrnné 13 desetimet-
rovych slepych zkusebnich komor pro budouci experimenty. Razba
novych prostorid probihala postupné od tinora 2021 do dubna 2024
anavazuje na ptivodni chodby dolu RoZna. Razba probihala vétSinou
pouze na jedné aktivni Celb€, vyjimecné na dvou, a to z provoznich
a dopravnich davodil vyplyvajicich z kolejové dopravy materidlu
v dole Rozna. Délka jednotlivych zabért byla po vétSinu doby razby
stejnd (1,6 m). Pouze v pripadé komplikovanéjsich usekt byla délka
zabéru zkracena na 1,0, pfipadné 1,5 m.

FOTOGRAMMETRIE

Geodeticka ¢ast dokumentace celeb byla provadéna metodou digi-
talni fotogrammetrie. Z porizenych digitalnich snimka celby byl po-
moci obrazové korelace vyhotoven 3D model celby a vyrubu (obr. 5).

smér razby
excavation direction

Obr. 5 Fotogrammetricky model nové vyraZeného prostoru
Fig. 5 Photogrammetric model of the newly excavated space
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same (1.6m) for most of the mining time. Only in the case of more
complicated sections the round length was shortened to 1.0 or 1.5m.

PHOTOGRAMMETRY

The geodetic part of the documentation of the excavation
faces was carried out using the digital photogrammetry method.
A 3D model of the face and walls was created from the digital
images of the face using image correlation (Fig. 5). The model was
first created in the form of a screened point cloud with a density of
approximately 10,000 points per 1m?. A 3D model was generated
from this screened cloud in the form of a colored and textured
triangular mesh. The resulting 3D models of the faces were connected
to the coordinate system by means of fitting points. The fitting points
were continuously (about once a month) geodetically positioned.
Groma 13 software was used to process geodetic measurements.
3D models were created in Agisoft Metashape Professional software.
The resulting models were exported to E57 and OBJ formats.

LASERSCAN

Laser scanning technology was used to survey the actual
condition of the newly excavated Bukov URF II underground space.
SG Geotechnika has more than twenty years of experience with this
method. Laser scanning makes it possible to accurately and quickly
capture the actual state of the object being measured. The initial
output from the scanner is a point cloud. These are on the order of
millions of points distributed in space, which are created during the
scanning process itself, where each point of the cloud is defined by
its own spatial coordinate (X, y, z).

The goal of the task was to provide a 3D model of underground
space in the form of a modified irregular triangular network (TIN).
The focus of the measurement was the newly created spaces L4a,
L4b, L5 and L6, including the connecting corridors L4c, L4d and
V5-6 — a total of approx. 500 meters of corridors. Positioning was
done using a laser scanning system from FARO.

The obtained point cloud was connected to the mine point field in
the S-JTSK coordinate system and in the Adriatic altitude system. In
the next stage of processing, filtering of point clouds from unwanted
noise was performed in SW Cyclone CORE. The modified point
clouds were exported to E57 format.

From the filtered point cloud, a 3D TIN model of the newly created
spaces was subsequently generated in SW Cyclone 3DR (Fig. 6, 7,
8, 9). The surface of the model was modified to a topologically pure
form without redundant triangles and holes. Due to the large volume
of data, the model was reduced (weakened) to approx. 30% with
the aim of preserving the density of triangles in places with higher
curvature so that it is possible to work with the model effectively
in another SW as well. The resulting model was exported to OBJ
format.

CONCLUSION

Overall, the excavation of the tunnels for Bukov URF II took
place in very good conditions from the point of view of the stability
of the underground work, which is also evidenced by the fact that
the excavation was reinforced “only” by chemical composite anchor
rods (bolts). Rock mass of worse quality was supported by the use
of TH steel ribs only in two short sections of the corridors. Slightly
deteriorated rock condition was observed near the crossing of
corridors, where shotcrete was used to stabilize the excavation.

The high quality of the rock mass was also reflected in the high
number of points of index classification systems. In the space of the
newly excavated corridors, of the monitored parameters, the values
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Model byl nejprve vyhotoven v podobé ocisténého
mra¢na bodd s hustotou cca 10000 bodd na 1 m?
Z tohoto ocisténého mracna byl generovan 3D model
v podob€ obarvené a otexturované trojihelnikové sité.
Vzniklé 3D modely celeb byly pripojeny do souradni-
cového systému pomoci vlicovacich bodd. Vlicovaci
body byly pribézné (cca jednou mésicné) geodeticky
zaméfovany. Ke zpracovani geodetickych méfeni byl
pouzit software Groma 13. 3D modely byly vytvareny
v software Agisoft Metashape Professional. Vzniklé
modely byly exportovany do formatti E5S7 a OBJ.

LASERSCAN

Pomoci technologie laserového skenovini bylo
provedeno zaméfeni skutecného stavu nové vyra-
zenych prostor PVP Bukov II. S touto metodou je
ve spolecnosti SG Geotechnika vice nez dvacetile-
t4 zkuSenost. Laserové skenovani umoznuje presné
arychle zachytit skute¢ny stav méfeného objektu. Pr-
votnim vystupem ze skeneru je mra¢no bodil (point
cloud). Jedna se fadové o miliény bodl rozmisténych
v prostoru, které vznikaji béhem procesu samotného
skenovani, kde kazdy bod mracna je definovan vlast-
ni prostorovou soufadnici (X, y, z).

Cilem ulohy bylo poskytnout 3D model podzem-
nich prostor v podobé upravené nepravidelné troj-
uhelnikové sité (TIN). Pfedmétem méreni byly nové
vyrazené prostory L4a,L4b, L5 aL6 v¢etné propojova-
cich chodeb L4c, L4d a V5-6 — celkem cca 500 metra
chodeb. Zaméfeni bylo provedeno pomoci laserového
skenovaciho systému od spolec¢nosti FARO.

Ziskané mracno bodu bylo pfipojeno na dilni bo-
dové pole v souradnicovém systému S-JTSK a v jad-
ranském vyskovém systému. V dalsi fazi zpracovani
bylo v. SW Cyclone CORE provedeno filtrovani
mracen bodl od nezadouciho Sumu. Takto upravena
mracna bodd byla exportovina do formatu E57.

Z filtrovaného mrac¢na bodt byl nasledné¢ v SW
Cyclone 3DR generovan 3D TIN model nové vyra-
Zenych prostor (obr. 6, 7, 8, 9). Povrch modelu byl
upraven do topologicky Cisté podoby bez nadbytec-
nych trojihelnikii a otvord. Vzhledem k velkému
objemu dat byl model decimovan (zeslaben) cca na
30 % s cilem zachovat hustotu trojihelnik v mistech
s vyssi kfivosti tak, aby bylo moZzné s modelem déle
efektivné pracovat i v jiném SW. Vysledny model byl
exportovan do formétu OBJ.

ZAVER

Celkové probihala razba chodeb pro PVP Bukov II
ve velmi dobrych podminkdch z hlediska stability
podzemniho dila, o ¢emZ svéd¢i i zajiSténi vyrubu
,pouze® lepenymi kompozitovymi kotevnimi tyCemi
(svorniky). Zhorsené vlastnosti horninového masivu
byly zajiStény pouZitim TH vyztuZe pouze na dvou
kratkych tsecich chodeb. Mirné zhorSené vlastnosti
byly pozorovéany v blizkosti kfiZzeni chodeb, kde byl
pro stabilizaci vyrubu uzity stiikany beton.

Vysoka kvalita horninového masivu se projevila
také vysokym poctem bodi indexovych klasifikac-
nich systému. V prostoru nové vyrazenych chodeb

reinforcement of corridors in the “weak”
strongly biotitic location of the migmatite

corridor L4a\ i corridor L4d

corridor L4b

Obr. 6 Model chodeb L4a, L4b, L4c a L4d ziskany z laserového skenovdni
Fig. 6 Model of L4a, L4b, L4c and L4d corridors obtained from laser scanning

chodba L4a

Obr. 7 Model chodby L4a ziskany z laserového skenovdni, detail
Fig. 7 Model of corridor L4a obtained from laser scanning, detail

/ corridor L8

corridor L7

Obr. 8 Model chodeb L7 a L8 ziskany z laserového skenovdni
Fig. 8 Model of L7 and L8 corridors obtained from laser scanning

~4 m ~4m

zkusebni komora Zk7-2J chodba L7

Obr. 9 Model chodby L7 ziskany z laserového skenovdni, detail
Fig. 9 Model of corridor L7 obtained from laser scanning, detail
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se ze sledovanych parametri nejvice ménily hodnoty spojené associated with discontinuities, their frequency, the character of the
s diskontinuitami, jejich Cetnosti, charakterem povrchu a vyplni. surface and fillings changed the most. The RMR and Q system deals
Komplexné v trojrozmérném prostoru fesi tyto parametry klasifi- with these parameters comprehensively in three-dimensional space.
kace RMR a Q systém. OvSem z hlediska stability dilniho dila | However, from the point of view of the stability of the excavation,
reagovaly na problematické fenomény zajisténé pridanou vyztuzi all classification systems reacted to the problematic locations
vSechny klasifikacni systémy. Jako mozné nejpraktictéjsi uziti pro supported by the added reinforcement. The most practical use for the
horninovy masiv PVP II Bukov se jevi uziti systému QTS s jed- Bukov URF II rock mass appears to be the use of the QTS system
nodussimi, snadno zjistitelnymi a jednozna¢né hodnocenymi pa- with simpler, easily ascertainable and unambiguously evaluated
rametry, které ale ve vysledku dostacuji pro vyhodnoceni nutnosti | parameters, which are, however, sufficient in the end to evaluate the
uziti vystrojeni dilniho dila. Souhrnné bylo vyrazeno 10 chodeb necessity of excavation support. In total, 10 corridors and 13 test
a 13 zkuSebnich komor o celkové délce 740,8 metri. Razba no- chambers with a total length of 740.8 meters were excavated.
vych prostora probihala od tinora 2021 do dubna 2024 a navazuje | Excavation of the new underground space took place from February
na puvodni chodby dolu Rozna. Pro kazdy noveé vyraZeny zdbér | 2021 to April 2024 and follows the original corridors of the Rozna
byl vyhotoven zébérovy list obsahujici geologickou dokumentaci mine. A survey sheet containing geological documentation of the
razeb, fotodokumentaci zabéru, formulaf s vypoctem indexovych excavations, photo documentation of the survey, a form with the
klasifikacnich systémt QTS, RMR a Q systém a fotogrammetricky calculation of the index classification systems QTS, RMR and

model. Q system and a photogrammetric model were prepared for each
Vyuziti fotogrammetrie, které je v CR pomérn& nové, pomohlo excavation round.

pri geotechnické dokumentaci Celeb k presnéjSimu vystupu. Sbér The use of photogrammetry, which is relatively new in the Czech

dat pro tyto modely neni ¢asové naro¢ny. K takto vzniklému 3D Republic, helped to obtain a more accurate output during the

modelu se 1ze dale vratit a podrobné vyhodnotit strukturné geolo- geotechnical documentation of the excavation faces. Data collection

gické fenomény. for these models is not time-consuming. The 3D model created in
~ o this way can be revisited and structural geological phenomena can

PODEKOVANI be evaluated in detail.
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