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ZAJISTOVANI STARYCH DI°.ILNiCI-! D.EL V PODMINKACH RUDNICH
REVIRU
SECURING AGE-OLD MINES IN CONDITIONS OF MINING DISTRICTS

MARTIN SEFRNA

ABSTRAKT

Ceskd republika md dlouhou a pestrou minulost v t6Zbé nerostnych surovin. Tato téZba mnohdy velmi ovlivnila dnesni stav exploatova-

nych lokalit. S tim jsou pak asto spojené problémy s jejich dalsim, resp. soucasnym vyuZivdanim. Cldnek strucné popisuje nékolik typickych

pripadii ve vybranych lokalitdch dotcenych starou bdriskou cinnosti. U uvddénych pripadit jsou zminény téz zpiisoby sanace jiZ vzniklych

i potencidlnich projevii spojenych se starou diilni cinnosti.

ABSTRACT

The Czech Republic has a long and diverse past in mineral resource mining. This mining often greatly affected the state of the exploited

locations today, which in turn intertwined problems with their further, more precisely current usage. The article briefly describes multiple

typical examples in chosen locations affected by historic mining activities. Alongside the included examples, means of remediation of

already arisen or potential effects connected with historic mining activities are also mentioned.

uvob

Hornicka ¢innost spojend s historickou téZbou uZitkovych nerost-
nych surovin velmi poznamenala fadu lokalit v CR. Neni zde snad
misto, které by nebylo dotéeno touto ¢innosti. Ceska geologickd
sluzba eviduje vice nez 30 000 znamych dilnich dél a jejich proje-
vi. Zajmova tzemi v minulosti dot¢ena t€Zbou jsou pak limitovana
nejen geologickymi a hydrogeologickymi poméry, ale zejména baii-
skymi poméry konkrétni lokality. Zpisob a rozsah rozfarani loziska
je zejména ovlivnén koncentraci a rozlozenim pifirodni akumulace
uzitkové slozky nerostu v danych geologickych podminkéch, tj. lo-
ziskovymi poméry. U starych a historickych diilnich dél je vétsinou
jejich dokumentace nedplna & zcela chybi. Udaje potfebné k po-
souzeni uzemi jsou vSak nezbytné pro optimalni névrh a realizaci
zajisténi nebo likvidaci starého dilniho dila ohroZujiciho stabilitu
povrchu a objekt v nadlozi.

PRIBRAM - BREZOHORSKY RUDNI REVIR (BIRKENBERG)

V soucasné dob¢ Pfibram stdle nema silni¢ni obchvat. Jistou moz-
nosti, jak feSit dopravné nevyhovujici situaci, bylo vyuZit stavajici
silnici I/18 jako pritah méstem, a to pfes Bfezové Hory a Bohutin.
U obou sidel se jedna o historické baiiské rudni reviry, u kterych jiz
v minulosti dochédzelo k nezadoucim projevim starého poddolovani
na povrch. Ped zahajenim rekonstrukce pritahu bylo rozhodnuto
realizovat prizkum a sanaci dilnich dél ohroZujicich stabilitu pred-
métné silnice 1/18.

Brezohorsky polymetalicky rudni revir (Birkenberg) byl svétové
prosluly téZbou stiibrnych, olovénych a zinkovych rud. Posledni
vytéZzeny viz rudy je datovan k 30. 6. 1978. Historii exploatace
loZiska podstatné ovlivnil jeho geologicky charakter a vertikalni
vyvoj zrudnéni, vazany na hydrotermalni strmé uloZené Zilné struk-
tury. Pocatky dolovani sahaji aZ do 16. stoleti. JiZ pfed rokem 1527
bylo na Biezovych Horach v provozu pres 12 dold. Sachty byly
mélké, hloubené jako nalezné, hluboké jen nékolik desitek metra,
maximdlné pak v prvnich stovkach metrd, v profilu 2 az 6 m>. Za
nepiiznivého stavu dolovéni pfichdzi roku 1772 z Kutné Hory do
Piibrami do funkce hormistra a hutmistra Jan Antonin Alis, ktery
zavadi fadu technickych a organizacnich opatfeni. Zaklada nové
brezohorské doly, ve kterych uplatiiuje novy systém otvirky loZiska,

INTRODUCTION

Mining activity coupled with raw material extraction throughout
history has deeply affected many localities in the Czech Republic.
There might not even be a place that has not been affected by
these activities. The Czech Geological Survey registers more
than 30 000 known mines and their effects. Locations of interest
previously affected by mining are then limited not only by
geological and hydro-geological conditions, but rather mining
conditions of the particular location. Methods and extent of
deposit development are mainly affected by concentration and
layout of natural accumulation of economic parts of the mineral
in certain geological conditions, ie. deposition situation. The
documentation of old and historic mines is usually incomplete or
wholly missing. However, the data necessary for area assessment
are essential for an optimal plan and realization of securing or
removal of old mines jeopardizing the stability of the surface and
buildings located within the overburden.

PRIBRAM - BREZOVE HORY ORE DISTRICT
(BIRKENBERG)

Currently, Pfibram still does not have a bypass. A certain
option to solve the traffic situation was to use the existing road
1/18 as a through road, through Bfezové Hory and Bohutin. Both
settlements are historical mine ore districts, at which there have
already occurred undesirable effects of old undermining on the
surface in the past. Prior to the start of the reconstruction of the
through road, it was decided to carry out an investigation and
rehabilitation of the mine workings threatening the stability of the
1/18 road in question.

The Birkenberg polymetallic ore district used to be world-
renowned for the mining of silver, lead, and zinc ores. The last
ore mine car mined dates back to 30 June 1978. The history
of exploitation of the deposit was significantly influenced by
its geological character and the vertical development of ore
mineralization, which is linked to hydrothermal steeply dipping
vein structures. The beginnings of mining date back to the 16"
century. Already before the year 1527, more than 12 mines were
already in operation in Biezové Hory. The shafts were shallow,
dug as open pits, only a few tens of metres deep, maximum low
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prvni svislé jamy vétsiho profilu. Roku 1779 zarazi jamu Vojtéch
v profilu 9,4 m? a o deset let pozdé&ji jamu Anna v profilu 11,5 m?.
Nasledujici jamy Sevéin a Marie jsou jiZ s profilem nad 16 m2. Témi
byly pozdéji zpristupnény hluboké partie téZenych Zilnych struktur.
Dul Vojtéch tak, jako prvni na svété, dosahl pfimé svislé hloubky
1 000 m, a to roku 1875. Alis soucasné zlepSoval vodni hospodat-
stvi a odvodiiovani doll, ¢imz zajistil jejich dlouhodobou prosperi-
tu. Na obr. 1 je zndzornén vytez dilné-geologické mapy z obdobi
1830-1880 se situaci i nové zaloZenych dold, véetné podélnych
a pri¢nych profild Zilnym loZiskem s novym systémem otvirky.
Mapova dokumentace hlubSich horizontd a dalnich dél je od
18. stoleti vétSinou dochovana a 1ze z ni vychazet, neni tieba je pro-
to dohledavat. Star§i mélka dalni dila z obdobi 15. az 17. stoleti jsou
v archivnich zaznamech zmifiovana jen sporadicky, spiSe vSak do-
kumentace téchto dulnich dél zcela chybi. Prave tato stara dilni dila
v piipovrchovych partiich do 30 m ovliviiuji nejvice stabilitu povr-
chu tizemi. Neznama a soucasné nepiistupna dilni dila byla v pod-
lozi silnice I/18 v tseku dlouhém pfes 2 km dohleddvana nejprve
(nepfimymi) geofyzikalnimi metodami. Pro posouzeni nezbytnosti
a pripadny navrh zpisobu sanace podlozi silnice 1/18 se osvédcil
vrtny prizkum opirajici se o znalost loziskovych poméria. Dilezi-
tym prvkem byl pfimy vrtny priazkum s bezprostfednim navazanim
na prubézné hodnoceni piedchozich sond. Jen tak mohlo byt doci-
leno, Ze pfi jedné uzavirce silnice I/18 mohl byt proveden soucasné
prizkum vyhledévajici stara dalni dila, ovéfen jejich stav, posou-
zena rizika jejich vlivu na silnici, zvolena metoda a rozsah sanace
a okamZité realizovany pfipadné stabilizace podloZi nejvhodnéjsi
sanacni smési [1], [2]. Odpovédny geotechnik tak na misté ihned po
odvrtani prizkumné sondy rozhodl o zpisobu sanace (vypliiové in-
jektdze vydobytych prostor ¢i stabilizacni injektaZe nezpevnénych
zasypu a Castecné zalozenych prostor) a rozhodujicich parametrech
pouzité sanacni smési (jeji pevnosti, viskozité, zrnitosti, injekénim
tlaku, celkové spotiebé). V pripadé zastizeni starého dulniho dila
v podloZi vozovky se postup pfizpiisobil skutecné zjisténym pome-
ram (mezerovitost, kaverny, ulehlost, stav nadloZi, hydrogeologické
pomeéry, rozsah a zptisob zaloZeni vydobytych prostor, objekty okol-
ni zastavby apod.). Na obr. 2 jsou vyznaCena mista prizkumnych
a zejména sanacnich praci provedenych v oblasti podlozi Biezo-
vych Hor. Vedle stabilizace podloZi silnice I/18 sana¢nimi materily
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hundreds, with a cross-sectional area of 2 to 6m?. In 1772 during
adverse state of mining, Jan Antonin Alis, who came from Kutna
Hora to Pribram to serve as the mining foreman and metallurgist,
introduced a number of technical and organisational measures.
He established new mines in Bfezové Hory, in which he applied
a new system of deposit development, the first vertical pits of
a larger profile. In 1779, he drove the Vojtéch pit with a profile
of 9.4m? and ten years later the Anna pit with a profile of 11.5m?.
The following pits, Sev&in and Marie, already have a profile of
over 16m?. These were later used to access deep regions of the
mined vein structures. The Vojtéch mine was therefore the first
in the world to reach a direct vertical depth of 1000m in 1875. At
the same time, Alis improved the water management and drainage
of the mines, ensuring their long-term prosperity. Fig. 1 shows
a section of a mine-geology map from the period 1830-1880
with a situation of even the newly established mines, including
longitudinal and cross sections of the vein deposit with the new
deposit development system.

The map documentation of deeper horizons and mine workings
from the 18" century onwards is mostly preserved and can be used
as a basis, so there is no need to search for them. Older shallow
mine workings from the 15" to 17" century are only sporadically
mentioned in archival records, but rather documentation of these
mines is entirely absent. Specifically these old mine workings in
the near-surface area up to 30m that have the greatest impact on
the stability of the surface in the area. Unknown and inaccessible
mine workings were first located in the subsoil of the I/18 road
in a section of over 2km by (indirect) geophysical methods.
A borehole survey, based on the knowledge of the deposit
conditions, proved useful for assessing the necessity and potential
methods of rehabilitation of the I/18 road bed. A direct borehole
survey was an important element that immediately followed-up to
the ongoing evaluation of previous probes. Only this way could it
be achieved that, during one closure of the I/18, simultaneously
a survey could be carried out to locate the old mine workings,
their condition could be verified, the risks of their impact on the
road assessed, the method and extent of rehabilitation selected and
any subsoil stabilisation immediately implemented with the most
appropriate rehabilitation compound [1], [2]. The responsible

geotechnical engineer immediately
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made a decision on the spot about
the method of rehabilitation after
drilling the exploratory probe (per-
meation grouting of excavated
areas or stabilization grouting
of unconsolidated backfills and
partially founded spaces) and the
decisive parameters of the used
rehabilitation mixture (its strength,
viscosity,  granularity, injection
pressure, total consumption). In
the case that old mine workings
in the subsoil of the road were
discovered, the procedure was
adapted to the conditions actually
observed (voids content, caverns,

packing density, condition of
the overburden, hydrogeological

Py =

Obr. 1 Vyfez dulné-geologické mapy brezohorského reviru, mapa a podélné a pricné fezy loZiskem z obdobi

1830-1888

Fig. 1 Cut-out of the mine-geology map of the Biezové Hory district, map and longitudinal and cross sections of

the deposit from the 1830-1888 period

zdroj Geofond CR source Geofond CR COHditiOHS, extent and method

of foundation of the excavated
areas, buildings in the surrounding
development, etc.). Fig. 2 shows the



01 Propad u zdravotniho stfediska na kfizeni dvou Zilnych struktur VHZaVNZ
Inbreak at the health centre at the crossing of two vein structures VHZ and VNZ
02 Komin na Vojtésské hlavni Zile u zdravotniho stfediska
Hole at the Vojtéch main vein at the health centre
03 Dobyvky na VojtéSské hlavni Zile u zdravotniho stfediska
Stopes at the Vojtéch main vein at the health centre
04 Dobyvky na Vojtésské hlavni Zile paralelné s pribéhem silnice
Stopes at the Vojtéch main vein parallel with the road’s course
05 Vychoz Protiklonné Zilné struktury, Jilové rozsedlina (proterozoikum/kambrium)
Counter inclined vein structure outcrop, clay crevasse (Proterozoic/Cambrian)
06 Zaval na zilné struktufe v podloZi silnice, sanace v podzemi vrty z povrchu
Caving fall on a vein structure in the subsoil of the road, underground rehabilitation with
boreholes from the surface
07 Dobyvky na Matkobozské Zilné struktufe v podioZi silnice a zastavky bus
Stopes at the MatkoboZska vein structure in the subsoil of the road and bus stop
08 Priizkumné prace na vychozu Zilné struktury
Exploratory works on vein structure outcrop
09 Sklepni prostor v ulici K Dolu Marie (stara zastavba)
Basement in K Dolu Marie Street (old development)

10 Sklepni prostor v ulici RoZmitélskd, zastavka bus (stara zastavba)
Basement in RoZmitalské Street, bus stop (old development)

11 Prizkumné prace na MordyFské zilné struktufe (Mucednickd)
Exploratory work on Mordyrské vein structure (Mucednickd)

12 Propad u RD &.p. 204 na Zilné struktufe Marie Pomocnice
Inbreak at family house nr. 204 at Marie Pomocnice vein structure

13 Stabilizaéni prace podlozi $achetni budovy Anna
Subsoil stabilisation work of Anna shaft building

14 Stabilizatni prace jamy Anna zalozené r. 1789, hloubka 1455 m
Stabilisation work of Anna pit founded in 1789, depth 1455m

15 Stabilizaéni prace jamy Vojtéch zaloZené r. 1779, hloubka 1262 m
Stabilisation work of Vojtéch pit founded in 1779, depth 1262m

16 Stabilizaéni prace Sachty Sev€iny (Franz Josef) zalozené r. 1813, hl. 1108 m
Stabilisation work of Sevéiny shaft (Franz Josef) founded in 1813, depth 1108m

17 Stabilizacni prace jamy Marie zalozené r. 1822, hioubka 1165 m
Stabilisation work of Marie pit founded in 1822, depth 1165m

18 Propad stfedovéké Sachty Kovarska (Schmid schacht) na ndmésti J. A. Alise
Inbreak of Kovarska medieval shaft (Schmid schacht) on J. A. Alis square

Obr. 2 Situace sanovanych mist v brezohorském rudnim reviru
Fig. 2 Situation of the rehabilitated locations in the Brezové Hory ore district

pfipravovanymi na misté byla v tseku, kde Zilna struktura probiha
v podlozi paralelné s komunikaci (misto oznacené 04 na obr. 2),
vyztuZena plan vozovky vysokopevnostni geomiizi Armatex. S do-
koncenim sanacnich praci byly provedeny rekonstrukce inZenyr-
skych siti (vodovod a kanalizace) a ndsledné i vlastni komunikace.
Pro tplnost praci realizovanych v brezohorské oblasti je tfeba
doplnit, Ze vedle podloZi silnice I/18 byly provadény i stabilizac-
ni prace uzaveér asti hlavnich dilnich dél (HDD) nejvyznamnéjSich
jam reviru, jejichz hloubka presahuje 1 000 m. Jednd se o staré
Sachty, vyhloubené od prichodu J. A. Alise v méstské zastavbé Bie-
zovych Hor. Jde zejména o Sachtu Anna (hloubky 1 455 m), dil
Vojt&ch (hloubky 1 262 m), Sevéinsky dil (t6% Franz Josef, hloubky
1 108 m) a jamu dolu Marie (hloubky 1 165 m). Tyto hluboké jamy
byly v minulosti likvidovany pouze vybudovanim tzv. zitek, uzavér
natusti HDD v piipovrchovych partiich jamy. Dodate¢né stabilizacni

podkladovd mapa Geofond CR base map Geofond CR

locations of investigations and, in particular, rehabilitation works
carried out in the area of the Bfezové Hory subsoil. In addition to
subsoil stabilisation of the 1/18 road with rehabilitation materials
prepared in situ, the roadbed was reinforced with Armatex
high-strength geogrid in the section where the vein structure in
the subsoil runs parallel to the road (site marked 04 in Fig. 2).
With the completion of the rehabilitation works, the utilities
(water and sewerage) and subsequently the road itself were
reconstructed.

For completeness of the works carried out in the Bfezové Hory
region, it should be added that in addition to the subsoil of the I/18
road, stabilisation works were also carried out to the collar caps
of the main mine workings (HDD) of the most important pits of
the district, whose depths exceed 1000m. These are old shafts,
excavated since the arrival of J. A. Alis in the Bfezové Hory built-up
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préace spocivaly ve zpevnéni zadsypového materidlu této jamové zat-
ky, zpevnéni stén jamy v useku zatky a zpevnéni horninového ma-
sivu v misté zakotveni spodni betonové desky pod zénou zvétrani,
vhodnymi sana¢nimi hmotami.

Propad nameésti J. A. Alise

Pred zahdjenim planované rekonstrukce brezohorského namésti
doslo v zafi roku 2022 k propadu dlaZzdéné vozovky v tésné blizkosti
kostela sv. Vojtécha. Propad priméru 6,0 m a hloubky 1,5 m postihl
¢ast nameésti slouZzici jako parkovisté a dotykal se okraje chodniku
podél kostela. Jiz pred propadem byly pozoroviny nerovnomérné
poklesy povrchu 4 azZ 7 cm. Archivni podklady ukézaly, Ze v misté
a napii¢ naméstim probihd a vychazi na povrch v minulosti intenziv-
né t€Zena Zilna struktura Vojtésska nadlozni Zila. Spolu s Vojtésskou
hlavni Zilou, vyskytujici se pod silnici I/18, patfily tyto Zily k nej-
vyznamngj$im t€Zenym rudnim strukturdm v centrdlni Casti loZiska.

Déle bylo zjisténo, Ze kostel byl v dobé vystavby, vzhledem
k rozfarani mista, posunuty z projektované polohy o nékolik metrt
severovychodnim smérem. Priizkumné vrty realizované pro potiebu
sanace podlozi kostela ukazaly nerovnomérnou hloubku skalniho
podloZi zpisobenou historickou téZbou. Podrobny vrtny prizkum,
zaméfeny na ovéreni geotechnickych poméra v okoli propadu a sa-
motného propadu, nalezl stfedovékou Sachtu situovanou tézari na
vychozu zilné struktury [3]. Ta spolu s navazujicimi dilnimi dily
bezprostiedné zplisobila propad povrchu (obr. 3). Na obr. 4 je zna-
zornény svisly fez Sachtou interpretovany z vysledka prizkumnych
vrti. Mocnost antropogennich odvalil a obvall v misté Sachty byla
zjisténa az 4,0 m. Ohlubeii Sachty je trychtyfovitého tvaru, v drovni
skalniho podloZi je Siroka 6,0 m a odpovida tim rozmérim propadu.
V hloubce 15,0 m prechazi pripovrchova ¢ast Sachty pinkovitého
tvaru do malého stiedovékého prifezu 3 a7z 6 m? a Sitky do 2,0 m
v pfi¢ném fezu. Odtud jiZ byla Sachta hloubena jako tklonna, sledu-
jici téZenou Zilnou strukturu na vychozu ve sklonu 80° k vychodu.
Trychtyrovity tvar Sachty do hloubky 15 m v horninovém masivu
ark6zovych a kiemennych piskovcii spodniho kambria je zptisoben
vytéZenim tklonné struktury aZ na povrch a v pribéhu dalSich sto-
leti pfezm4hdnim Sachty ve svislém sméru pfi obnovovacich téZeb-
nich pracich.

Podle historickych mapovych podkladii se v zdjmovém uUzemi
nachazi stara Schmid schacht s pivodnim oznacenim diil Veselého
rytifstva, pozdéji také jako jama Kovarska. Jeji poloha vychdzi 10 m
zapadnim smérem od propadu. Ze starych zaznamu byla na Kovai-
ské jamé pfi pracich roku 1835 zastiZena Stufa 1523 — geodetickd
znacka, kterd znaci letopocet postupu praci v dole, a to v hloubce jiz
96 m. Na zédklad¢ informaci ziskanych z prizkumnych vrtl a z do-
stupnych ddaji se jedna o tutéZz Sachtu vyhloubenou minimalné
v 16. stoleti. Na usti Sachty dochdzelo jiz v minulosti k opakova-
nym propadiim povrchu. Dokladuji to vrty zjisténé staré betonové
plomby a Zelezobetonové desky v hloubkach 2,0-2,6 m a 3,9-5,0 m
(obr. 4). Jejich naklonéna poloha je zptisobena pretékanim nezpev-
néného zdsypu Sachty do navazujicich nezaloZenych dtlnich dél.
Prezentovany propad ze zati 2022 byl po vykonani pfedbézného
prizkumu bez prodleni zlikvidovan nezpevnénym zasypem a kana-
ce starého dilniho dila a jeho definitivni stabilizace byla realizovana
v nésledujicim roce 2023, pfi uzavirce ¢asti namésti. A to véetné
zajisténi stability podlozi fimskokatolického farniho kostela, ktery
je nemovitou kulturni pamatkou.
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area. These are in particular the Anna shaft (1455m deep), the
Vojtéch mine (1262m deep), the Sevéin mine (also Franz Josef,
1108m deep) and the Marie mine pit (1165m deep). These deep
pits were in the past only disposed of by building so-called plugs,
caps at the mouth of the HDD in the near-surface parts of the pit.
The additional stabilization works consisted of reinforcing the
backfill material of this pit plug, reinforcing the pit walls in the
plug section and reinforcing the rock mass at the anchorage of
the lower concrete slab below the weathering zone with suitable
rehabilitation materials.

J. A. Alis square inbreak

Before the commencement of the planned reconstruction of
the square in Bfezové Hory in September of 2022, an inbreak
in the cobblestone pavement appeared in the near vicinity of the
St. Vojtéch church. Inbreak 6.0m in diameter and 1.5m in depth
affected a part of the square used as a parking lot and made contact
with the edge of the pavement alongside the church. Uneven
settling of the surface between 4 and 7cm was already observed
before the inbreak. Archival records have shown that in the past
intensely mined vein structure Vojtéch overburden vein runs and
protrudes from the surface in a spot and across the square. Along
with the Vojtéch main vein, located beneath the I/18 road, these
veins belonged to the most important mined ore structures in the
central part of the deposit.

It was then discovered that during construction, the church
was shifted by several metres north-east, in relation to the
designed location. Exploratory boreholes realized for the need
of rehabilitation of the subsoil of the church have shown uneven
bedrock depth caused by historic exploitation. An in-depth borehole
survey, aimed at confirming geotechnical conditions near and in
the inbreak itself, discovered a medieval shaft situated by miners to
the east of the vein structure [3]. It, along with the subsequent mine
workings, was the root cause of the surface inbreak (see Fig. 3).
Fig. 4 depicts a vertical section through the shaft interpreted from
results of the boreholes. The thickness of antrophogenic heaps
and dumps at the shaft was found to be up to 4.0m. The pit bank
of the shaft is funnel-shaped, at bedrock level 6.0m wide and
correlating with inbreak dimensions. Shaft’s subsidence-shaped

Obr. 3 Propad ndmésti na Brezovych Hordch priiméru 6,0 m zpusobeny stie-
dovékou Sachtou

Fig. 3 Inbreak of the square in Bfezové Hory 6.0m in diameter caused by a
medieval shaft
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Obr. 4 Geotechnicky rez propadem Sachty Kovdrskd
Fig. 4 Geotechnical section of the Kovdrskd shaft inbreak

SLAVKOVSKY LES - URANOVY REVIR HORNI SLAVKOV
(SCHLAGGENWALD)

Jedinecné zkusenosti ziskané pri zajistovani starych dalnich dél
a stabilizaci podloZi komunikaci a povrchovych objektll v bfezo-
horském rudnim reviru byly v nasledujicich letech uplatiiovany pfi
stabilizaci propadd a sanaci dilnich dél pribliZzenych k povrchu,
které predstavovaly riziko ohrozeni povrchovych objektli méstské
zastavby v uranovém reviru Horniho Slavkova.

Spolu s hornim mé&stem Krasno tvoii Horni Slavkov a Cista pro-
sluly loZiskovy trojuhelnik, kde se kromé stfibra, cinu a wolframu
t€zil i uran. Horni Slavkov byl kolem roku 1533 nejvét§im svétovym
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rock massif Kz N bectook couse, saftcaurse Inbreaks have already occurred
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exploratory and rehabilitation borehole course repeatedly at the shaft entrance
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§ inbreak 9/2022, depth 1.5m, diameter 6m old concrete seal and reinforced
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520 a.s.l. . : . . . ' geotechnical section of Kovarska shaft inbreak and . .
—_— 250m church subsoil from GT boreholes interpretation and sewerage in its vicinity was
repaired. Determining the root

cause, exact location of the old mine

working and its final stabilisation

was realised the following year
in 2023, during a closure of a part of the square. That included
securing subsoil stability of the Roman Catholic parish church that
is a cultural monument.

SLAVKOV FOREST - HORNI SLAVKOV URANIUM
DISTRICT (SCHLAGGENWALD)

Unique experience gathered during the securing of old mine
workings and subsoil stabilization of roads and superficial
buildings in the Bfezové Hory ore district were applied in the
following years during stabilization and rehabilitation of mine
workings closer to the surface, that posed a risk of endangerment
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producentem cinu. Koncem 16. stoleti doslo k poklesu tézby cinu,
ale mésto prosperovalo déle diky t€zb¢ stfibra. Cilenym geologic-
kym prazkumem ve 20. stol. zde byla objevena loziska uranu, ktera
se téZila v obdobi let 1946-1962.

Na rozdil od starych rudnich dobyvek byla situace uranovych
dilnich dél zcela odlisna. Existovala jejich kompletni dokumentace,
véetné dilné-méfickych map. Tato dokumentace byla vyuZita k lo-
kalizaci a propojeni ,,uranovych* vydobytych prostor s povrchem
sanacnimi vrty. Ty byly vystrojeny dle skute¢né zastizenych pod-
minek (kaverna, zakladka). Presto prizkumné vrty zjistily odchylku
skute¢né polohy Celby pfiblizenych dél k povrchu od mapovych pod-
kladi, i kdyZ podstatné niZsi neZ v pfipadé brezohorského rudniho
loZiska. Zptisobena byla zménou sklonu t€Zenych Zil mezi 1. patrem
dolu a povrchem. V Zilnych uzlech Barbora, Zdar Blih a Svatopluk
byly stabilizovany propady od jiz likvidovanych hlavnich dalnich
dél (tzn. od jam) a postupné sanovany nebezpecné relikty vystupko-
vého dobyvani nad trovni 1. patra ohrozujici stabilitu povrchu (do-
byvkové kominy a dobyvkové chodby) [4]. Tato preventivni sanacni
opatfeni umoZnila v nasledujicich letech nadale bezpecné uzivat sil-
nici 1I/209 — pritah méstem, méstské komunikace, obytné objekty
v nadlozi a pozemky nevhodné k vystavbé RD, bez rizika ohrozeni
bezpecnosti provozu a vzniku §kod na bytové zdstavbé.

Obdobna situace byla feSena také v arealu véznice Horni Slavkov
pri sanaci propadd, téZnich jam, dobyvkovych komind a dobyvek
nachazejicich se pod objekty jidelny, v blizkosti vyrobnich objektd,
v podlozi ucelovych komunikaci, zpevnénych ploch a ploch urce-
nych k dalSimu vyuZiti. Sanacni prace zde probihaly nejen za sta-
1ého geotechnického dozoru, ale také za stilého dozoru ozbrojené
vézenské sluzby.

Specifické sanacni prace byly realizovany pii stabilizaci dobyv-
kového komina a navazujici dobyvkové chodby, s rizikem ohroZeni
stability v nadloZi vedené méstské komunikace a na soukromém po-
zemku planované vystavby rodinného domku. Tyto relikty dobyva-
ni uranovych rud byly zatopeny dilni vodou. Na obr. 5 jsou ziejmé
sanacni vrty komina a navazujicich chodeb s tryskajici dilni vodou
zatopenych dél pri jejich zastizeni sana¢nim vrtem. V takto sloZi-
tych podminkédch bylo nutné zabranit nezddoucimu uniku sana¢ni
smési jak do navazujicich diilnich dél na spodnim patie pri paté ko-
mina, tak do dobyvkovych chodeb posledniho vystupku téZeného
bloku. Dnes v nadloZzi sanovaného dila stoji novostavba RD bez rizi-
ka jejiho ohroZeni poskozenim v disledku postupu rozvoliiovacich
procest k povrchu v masivu oslabeném hornickou ¢innosti.

Obr. 5 Sanacni vrty dobyvkového komina v podloZi méstské komunikace
a v pdasmu vlivu nové vystavby v Hornim Slavkové

Fig. 5 Rehabilitation boreholes of the stope holes in the subsoil of the city
communication and in the zone of influence of the new development in Horni
Slavkov
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to above-ground buildings of the urban area located in the Horni
Slavkov uranium district.

Together with ,,horni mésto* Krasno (ie. mining town), Horni
Slavkov and Cista form a renowned deposit triangle, where besides
silver, tin, and tungsten, uranium was also mined. Horni Slavkov
was circa year 1533 the largest tin producer in the world. Tin
mining declined towards the end of the 16" century, although the
city continued to prosper thanks to silver extraction. A deliberate
geological survey here in the 20" century discovered deposits of
uranium that were then mined in the period 1946-1962.

In contrast to past ore extraction the uranium mine workings
situation was vastly different. Their complete documentation
existed, including mine-geodesy maps. This documentation
was used to localize and connect ,,uranium* excavated spaces
to the surface by rehabilitation boreholes. These were outfitted
in correlation to conditions actually encountered (caverns, rock
filling). Still, survey boreholes determined a deviation of the
actual face location of those closer to the surface compared
to map basis, although significantly smaller than in the case of
Btezové Hory ore deposit. It was caused by a slope change of
extracted veins between the mine’s first level and the surface. In
vein nodes Barbora, Zdaf Bih and Svatopluk, inbreaks caused
by already cleared away main mine workings (ie. by pits) were
stabilised and dangerous flat back method relicts above the
first level endangering the surface stability (stope holes and
stope corridors) gradually rehabilitated [4]. These preventative
rehabilitation measures enabled continuous and safe usage of the
117209 road — city through road, city communications, dwellings
in the overburden and estates not suitable for constructing family
houses, without risk of endangering safe usage and damaging
housing developments.

A similar situation was also addressed in the Horni Slavkov
prison compound, during rehabilitation of inbreaks, mine pits,
stope holes and stopes situated beneath the canteen building, in the
vicinity of manufacturing facilities, in the subsoil of access roads,
paved surfaces and surfaces designated for further utilization.
Rehabilitation works here went on not merely under continuous
geotechnical supervision, but also constant surveillance by armed
prison service.

Specific rehabilitation works were also implemented during
stabilisation of a stope hole and a subsequent stope corridor, with
a risk of endangering the stability of city communication in the
overburden and an estate with planned construction of a family
house. These relicts of uranium ore extraction were flooded with
mine water. Rehabilitation boreholes of the holes and subsequent
corridors are evident on Fig. 5 with gushing mine water from the
flooded workings during their interception by a rehabilitation
borehole. In such challenging circumstances, it was essential to
prevent unwanted leakage of rehabilitation compound not only
into connected mine workings on a lower level at the base of the
hole, but also into the stope corridors of the last projection of
the mined block. Today, a new-build family house is situated in
the overburden of the rehabilitated mine workings without risk
of endangering it by damage as a result of advancing loosening
processes towards the surface in a massif weakened by mining
activities.

SLAVKOV FOREST - CISTEC TIN DISTRICT (LITRBACHY-
LAUTERBACH)

The most challenging situation in securing old mine workings
(SDD) occurred in the Cista-Litrbachy region. It is a historic tin
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SLAVKOVSKY LES - CISTECKY CINOVY REVIR

(LITRBACHY-LAUTERBACH)

Mivs

Nejslozitéjsi situace zajistovani starych dilnich dél (SDD) nastala
v lokalit& Cista-Litrbachy. Jedna se o cinové historické loZisko, t&Ze-
né od stfedovéku a v nékterych komorach dnes opusténych dilnich
dél (ODD) dokonce az do roku 1905. Mésto, roku 1551 povySené
na kralovské horni, zachvatil roku 1772 rozsahly poZar, ktery znicil
témeér vSechny pisemné materidly. Bez nich je ztracena bainska kon-
tinuita lokality. Oblast ODD dolu Jeronym tvoii piivodni stard dalni
dila ze 16. stoleti dot¢end pokusnymi t€Zebnimi prizkumy z obdobi
18. a 19. stoleti. Z poslednich prizkumnych praci ze 60. let 20. sto-
leti pochazi méficka dokumentace této Casti loziska. Ostatni nové

objevené komplexy od roku 1982
oznacené SDD I-IV jsou ptivodni his-
toricka dulni dila z 15. az 17. stoleti,
nedotfena novodobou té€zbou, bez
jakékoli zachované ptivodni dilni do-
kumentace. Vice k lokalité je popsdno
v Casopise Tunel ¢. 4/2023 [5].

PFipovrchové partie SDD
v okoli silnice 117210

Komplex starych dualnich dél,
oznaceny SDD I a objeveny Fran-
tiSkem Barochem z Prament v roce
1982 pfti propadu u silnice 1I/210, byl
poprvé zaméfen objevitelem pomoci
dalniho kompasu a pasma. Vznikla
tak prvni jednoduchd mapa a fez této
Casti loziska. Po rozhodnuti o zacho-
vani téchto historickych duilnich dél
pro budouci generace, byly k zajisté-
ni pouZity prvky vyzdéné z kamene.
Tykéa se to zeslabenych mezikomo-
rovych pilifi s pfizdivkami, podez-
déni horninovych blokl, podepreni
stroptt komory kamennymi klenba-
mi a podepreni zdvali v podzemi
kamennymi hrdazemi na cely profil
dilniho dila, s drendZnimi prostupy
pro odleh¢eni hydraulického tlaku
prusakovych vod. Vyztuzné kamen-
né prvky byly zhotoveny z mistniho
nezvétralého materidlu (granitoida)
tak, aby nenaruSily historicky raz
podzemnich prostor [6].

V pfipovrchovych partiich na vy-
chozu loziska, ovliviiujiciho silni-
ci II/210, se mocnost navétralého
nadloZi pohybuje od 2 do 8 m, a to
véetné kvartérniho pokryvu. Za sil-
nici tato hodnota postupné, se sklo-
nem loziska, stoupd. Poloha a rozsah
vydobytych prostor v ochranném
pasmu silnice jsou zfejmé z nové
provedené 3D dokumentace podze-
mi (obr. 6). Historické dila vyraZzena
ve sklonu loziska cca 30° k jihu zde
vytvaii drenazni systém s infiltraci
srazkovych vod na vychozu loZiska
a v mistech zdvali komunikujicich
s povrchem a s gravitatnim odtokem
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year 1905. The city promoted in 1551 to a ,,krdlovské horni* (ie.

trial mining surveys from the period of the 18" and 19" century.

deposit mined from the medieval times and in some of the chambers
of the today abandoned mine workings (ODD) actually up to the

king’s mining town) was engulfed by an immense fire, which
destroyed almost all written records. The mining continuity of the
location is lost without them. The region of Jeronym mine ODD

are original old mine workings from the 16™ century, affected by

Surveying documentation of this section of the deposit originates
from the last exploration work in the 1960s. Other newly found
complexes from 1982 marked as SSD I-IV are original historic

JV SZ
SE NW

< Krésno Sokolov =

silnice 1120 road 11/20

portal Stoly
adit mouth

pfipovrchové partie SDD |
SDD | near-surface regions

Obr. 6 Dokumentace 3D rozsahu vydobytych prostor v ochranném pdsmu silnice
Fig. 6 Documentation of the 3D extent of excavated areas in the protection zone of the road
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Obr. 7 Profil zatopenymi komorami komplexu SDD I, nejhlubsi partie bez napojeni na odvodriovaci stolu

Fig. 7 Profile of the flooded chamber of the SDD I complex, deepest part without a connection to the drainage shaft
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dilnich vod do nejhlubsiho mista podzemi, kde dochézi k zatapéni
spodnich komor komplexu SDD I. Nejnovéjsi prizkum provadé-
ny pod trovni ustdlené hladiny dalni vody v zatopenych komorach
prokazal, po vyCerpani, odtéZeni zéavali, naplavenych sedimentd
a zajiSténi kritickych ¢asti komor, plnou ¢elbu vSech rozfaranych
navazujicich chodeb bez napojeni na odvodniovaci Stolu. Jeji hori-
zont se nachazi cca 6 azZ 8 m pod nejhlubsi zatopenou ¢asti komory.
Dokumentace 3D zatopenych komor je na obr. 7 ve formé podélné-
ho fezu, kde je zfejma i poloha nové postavené dievéné hrané pode-
pirajici nestabilni strop spodni komory. Pfedchiidci komplex SDD I
pri t€Zbe cinu zfejmé nenapojili na odvodiovaci Stolu a museli dalni
vody Cerpat dfevénym Cerpacim potrubim (zde nalezenym) do mista
pfepadu navazujicich dilnich dél oznacenych dnes jako komplex
SDD II. Ten skrze zavaly prokazatelné komunikuje s odvodnovaci
Stolou Jeronym. V nejhlubsi zatopené komote komplexu SDD I bez
gravita¢niho odtoku byla na sténé komory objevena Stufa, geodetic-
ka znacka s letopoctem 1629 a inicidly P. H. Predpokladé se osazeni
Cerpaci soustavy s elektronickou kontrolou hladin, kde spodni cCer-
padlo bude udrzovat hladinu ve spodni komore pod urovni hrané
a precerpavat vodu do tiné v horni komote. A odtud druhé cerpadlo
do navazujici komory SDD II. Gravitacni feseni je navrzeno s od-
vodnovacim vrtem, viz Tunel ¢. 4/2023 [5].

Zajistovaci prace na odvodinovaci Stole Barbora

V soucasné dobé probihaji pfipravné a zajisfovaci price dal-
§i etapy obnovy odvodiovaci Stoly Barbora, druhé nové objevené
odvodtiovaci §toly Cisteckého cinového reviru. Jeji predpokladana
pritomnost v misté vyvéru podzemni vody byla potvrzena prazku-
mem jiZ v roce 2014. Zptistupnéni dsti Stoly se podarilo aZ v roce
2020. V délce pies 60 m byl strop provaleny. Gravita¢ni odtok dilni
vody byl v tomto useku zajistén poloZenim odvodiiovaciho potrubi
DN250 v drovni pivodni pocvy Stoly. Pii zemnich pracich zde byly
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mine workings from the 15" to 17" century, untouched by modern
mining, without any preserved original mine documentation.
More regarding this location is covered in Tunel magazine
4/2023 [5].

Near-surface regions of SDD near the 117210 road

A complex of old mine workings labelled SDD and discovered
by FrantiSek Baroch z Pramend in 1982 during an inbreak of
road I1/210, was first surveyed using a circumferentor and a
tape measure. The first simple map and cross section of this
part of the deposit was therefore created. After deciding to
preserve these historic mine workings for generations to come,
elements made of stone were used to secure them. That applies
to weakened intercompartmental pillars with reinforcing masonry,
underpinning of rock blocks, supporting ceilings of the chamber
with stone arches and propping up underground caving falls
with full-profile stone dams, with drainage pass-throughs to ease
pressure caused by seeping water. Reinforcing stone elements were
fabricated from local unweathered material (granitoid), such that
they would not disturb the historical character of the underground
space [6].

The thickness of partially-weathered overburden in the near-
surface regions on the deposit outcrop affecting road II/210 deviates
from 2 to 8m, including Quaternary deposits. Past the road, this
value constantly increases with the angle of the deposit. Location
and extent of excavated areas in the protective zone of the road are
evident from newly carried out 3D underground documentation (see
Fig. 6). Historic workings excavated with a deposit incline of ca.
30° southward create a drainage system with rainwater infiltration
on deposit outcrop and in areas of caving falls communicating with
the surface and with gravitational mine water runoff towards the
deepest subsurface spots, where flooding of the lower chambers of
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Obr. 9 Pricny profil zajisténim Stoly v misté zdvalu ve staniceni 55 m
Fig. 9 Cross section of the securing of the gallery at the location of the caving fall at
a chainage of 55m

TufHel

the SDD I complex occurs. Latest survey carried out below
stable mine water levels in flooded chambers proved, after
draining, excavating caving falls and alluvial sediments and
securing critical parts of the chambers, that there are all full
faces of opened connecting corridors without connection to
the drainage gallery. Its horizon is located ca. 6 to 8m below
the deepest part of the flooded chamber. 3D documentation of
the flooded chambers is depicted on Fig. 7 as a longitudinal
section, on which there is also the location of the newly built
wooden chock supporting the unstable ceiling of the lower
chamber. Predecessors apparently did not connect the SDD
I complex during tin mining to the drainage gallery and had
to pump mine water using wooden pumping pipes (found at
this location) to a spillway of adjacent mine workings today
labelled as the SDD II complex. This one, despite caving
falls, verifiably communicates with the Jeronym drainage
gallery. In the deepest flooded chamber without gravitational
runoff of the SDD I complex, a geodesy mark ,stufa“ was
found, with the year 1629 and initials PH. Mounting of
a pumping system with electronic surface control is expected,
where the lower pump will maintain the surface in the lower
chamber below the chock and pump out water into a sump
in the upper chamber. And from there a second pump to
the following SDD II chamber. A gravitational solution
is designed with a drainage well, see Tunel magazine nr.
4/2023 [5].

Securing works on the Barbora drainage gallery

At the present time, preparatory and securing works for
the next phase of Barbora drainage gallery renovation are
ongoing, the second newly discovered drainage gallery of
the Cistec tin district. Its expected presence at the location
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Fig. 10 Longitudinal section of the caving fall of the Barbora drainage gallery at a chainage of 55m
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odkryty pivodni pary dfevéné vyztuze s provalenymi stropnicemi
a misty také plivodni dievénd podlaha. Usti Stoly bylo zpfistupnéno
zajisténou vydievenou dpadnici v délce 12 m a dfevénym paZenim
s hydroizolaci a zdsypem z rubaniny vytézené ze zavalll pfi zméhani
Stoly. V soucasné dobé je sStola v ptivodnim profilu obnovend v dél-
ce 50 m. Kritické useky Stoly jsou zabezpeceny vydievou s pazenim
stropu. Ve stani¢eni 30 m vznikl zdval Stoly v hloubce 10 m pod
terénem. V roce 2022 zpisobil na povrchu kruhovy propad priméru
4,0 m a hluboky 4,3 m (obr. 8). ProtoZe se jedna o odvodniovaci
Stolu, byl propad vyzmahan pomoci Sachtice vyhloubené do trovné
odvodiovaci Stoly, odkud byla od¢erpavana naakumulovana dtlni
voda za zévalem a nésledné vedena zméhaci protirazba ze Sachtice
smérem k usti Stoly. Zaval byl prekondn pomoci hnanych paznic
Union, pfedrdZenych jehel s vodorovnym paZenim a ¢lenénim celby
s dalni ocelovou vyztuZzi profilu LB3 (H =1970 mm) v délce 8,0 m
osazenou na pricné prahy. Zmahaci Sachtice byla na zavér opatiena
osténim, propad likvidovan kombinaci zpevnéného a nezpevnéného
zasypu. V soucasné dobé slouZi tato Sachtice jako vétraci a dopravni
pro dalsi prace v podzemi.

Ve staniCeni Stoly 55 m byl lokalizovan dalsi zaval s viditelnym
nadvylomem vysky 3,0 m. NadloZi zde pfevySuje 12 m a zatim se
primé rozvolniovaci procesy na povrchu neprojevily zaddnym propa-
dem. Pro ndvrh zajiSté€ni zévalu a obnoveni profilu v tomto tseku
byla provedena dokumentace skute¢ného stavu Stoly za pomoci 3D
mapovani, véetné zavalu. Vysledkem je situace, podélny fez Stolou
(obr. 8), pticny a podélny profil zajisténim zavalu dulni vyztuZzi. Vse
je soucasti projektové dokumentace obnovy funkce odvodniovaci
Stoly (obr. 9 a 10). V levém hornim rohu pficného fezu Stolou se
pod stropem nachazi okno v zavalu, jimz je vidét pokracovani Stoly
v délce cca 8,0 m. Realizace téchto zajiStovacich praci je v soucasné
dobé v pfiprave.

Propojeni komplexd SDD a ODD dolu Jeronym

Jednim z cila projektu je propojenti jiZ zminénych komplexit SDD
Jeronym, nedotéenych novymi pracemi, s komplexem ODD zn4-
mych jiz od pocétku 20. stoleti. Byla proto provedena 3D dokumen-
tace Casti komplexu SDD III, viz obr. 11 a 3D dokumentace ¢asti
ODD. Tomu v predeslych letech predchézela klasickd dalné-méfticka
dokumentace doplnéna o speleologické mapovani provadéné pra-
bézné béhem zajisfovacich praci. Tato dokumentace umoznila vy-
tipovani mista vzajemného propojeni razbou minimalniho rozsahu
a dopadu na historicka dilni dila nad hladinou zatopenych prostor.
3D dokumentace byla pri té prilezitosti také vyuZita k dokumentaci
nalezi archeologickych artefaktil (Zelizek, tj. primitivniho stfedove-
kého rozpojovaciho néstroje pouzivaného k vytesani profilu dilniho
dila, viz obr. 12). Metoda 3D mapovéni v kombinaci s klasickym
dilné-meéfickym zaméfenim poslouZila téZ k sestrojeni podélného
fezu planované prorazky obou komplexu a vyprojektovani této pro-
pojky [7]. Predpoklada se délka 8,5 m, pri prevyseni 3,6 m a profilu
2,0-2,4 m?. Pavodni projekt pfedpokladal délku 40 m nebo 80 m do
tehdy zndmého komplexu SDD I s rozpojovanim Zulového masivu
trhacimi pracemi. Na zakladé nové provedené dokumentace objeve-
nych historickych dtlnich dél postaci vyrazit pouze cca 8,5 m.

Projektant se zhotovitelem, s ohledem na historickou hodnotu
dilnich dél Narodni kulturni pamatky dil Jeronym, v souc¢asné dobé
testuje moznosti vyuziti hydraulického trhaciho klinu (dardy) pfi
razbé propojky bez trhacich praci (TP). Pribézné vysledky ukazuji,
Ze zpusob rozpojovani je velmi Setrny k vyrubu bez seismickych do-
padu na stabilitu vyrubu historickych dilnich dél. Je velmi bezpec-
ny a bez nutnych technologickych prestavek jako u TP. NevyZzaduje
nucené vétrani a naroCny seismicky a geotechnicky monitoring.
Nevyhodou je pritomnost poruchovych zén a Zilnych struktur na
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of a groundwater spring was confirmed by a survey already in
the year 2014. Accessing the adit entrance was enabled not until
2020. The ceiling was collapsed at a length of more than 60m.
Gravitational drainage of mine water in this section was secured by
laying out DN250 drainage pipes at the level of the original gallery
invert. Original sets of wooden framework with collapsed caps
were uncovered here during earthwork, and also in some places
original wooden flooring. Adit entrance was made accessible by
a 12m long secured timbered inclined winze and wooden lagging
with waterproofing and spoil backfill, excavated from caving falls
while overcoming the gallery. At this point in time, the original
profile of the gallery has been restored for 50m. At a chainage
of 30m a caving fall occurred in the gallery, 10m deep below the
surface. In the year 2022 it caused a round inbreak on the surface
4.0m in diameter and 4.3m in depth (see Fig. 8). Because this
concerns a drainage gallery, the inbreak was overcome using
a blind pit excavated down to the level of the drainage gallery,
from where accumulated mine water was pumped and straight
after the recovery drive to the opposite end from the blind pit in
the direction of the adit entrance was conducted. The caving fall
was surmounted thanks to Union sheet pilings, pre-drilled spiles
with horizontal sheeting and face sequencing with LB3 steel
mine reinforcement (H=1970mm) at length of 8.0m mounted
to vertical sills. The recovery blind pit was in the end outfitted
with lining, the inbreak was disposed of thanks to a combination
of stabilised and unstabilised backfill. Nowadays, this blind
shaft is used for ventilation and transport for other underground
work.

At a chainage of 55m in the gallery, another caving fall was
localised with a visible 3.0m tall overbreak. Overburden here
exceeds 12m and no direct dislodging processes have so far
manifested themselves as any inbreak on the surface. For planning
the securing of the inbreak and recovering the profile in this
section, an actual gallery status quo documentation using 3D
mapping was created, including inbreaks. The outcome is a plan,
a longitudinal section of the gallery (see Fig. 8), a cross and
longitudinal section of the securing of the caving fall with mine
reinforcement. Everything is included in the engineering package
for functionality restoration of the drainage gallery (see Fig. 9
and 10). An opening in the caving fall is located at the top-left
corner of the cross section, through which the continuation of
the gallery is visible, ca. 8.0m in length. Implementation of these
securing works is currently in the making.

Connecting SDD and ODD complexes
of the Jeronym mine

One of the goals of this project is connecting the already
mentioned SDD Jeronym complexes, untouched by recent works,
with the ODD complex known ever since the beginning of the 20"
century. For that reason, 3D documentation of a section in SDD III
complex, see Fig. 11, and 3D documentation of a part of the ODD
were carried out. That was in the past years preceded by classic
mine-survey documentation supplemented by spelaeological
mapping carried out simultaneously during securing works. This
documentation allowed picking out a place of interconnection
with excavation of minimum extent and impact on the historic
mine workings located above flooded levels. On this occasion, 3D
documentation was also used to map out discovered archaeological
artefacts (hacks, ie. primitive medieval breaking tools used for
excavating profiles of mine workings, see Fig. 12). The method



Tuel

34. rocnik - €. 1/2025

of 3D mapping in combination with
classic mine-geodesy surveying
has also lent itself to the creation
of a longitudinal section of the
planned break-through of both
the complexes and also to the de-
E signing of this connection [7].
A length of 8.5m is expected, with
an elevation difference of 3.6m and
a profile of 2.0-2.4m? The original
project anticipated a length of 40m
or 80m into the then known SDD
I complex with granite massif
mpIexODD breaking using the drill and blast
ODD complex ] ynethod. Only excavating ca. 8.5m
will be sufficient on the basis of the
newly created documentation of the
discovered historic mine workings.
The civil designer alongside
the contractor, taking the value
of the Jeronym National cultural

Obr. 11 Ndvrh propojeni komplexii SDD a ODD dolu Jeronym, podélny ez, 3D dokumentace, zkusebni razba ~ MONumMeNt mine workings into

dardou consideration, are currently tes-
Fig. 11 Proposal for the interconnection between the SDD and ODD of the Jeronym mine, longitudinal section, 3D ting the possibilities of utilizing

documentation, trial excavation with ,,darda‘ g i
a hydraulic breaking wedge (so

called darda) whilst excavating the
connection without the drill and
blast method (TP). Continuous
results show that the breaking
method is quite gentle on the face,
“ e without the impact of seismicity on
- the face stability of the historic mine

aﬂaelf:zct ; workings. It is very safe and without

s 5 technological breaks, unlike the drill
zadni vystup and blast method. It does not require
rearascent forced ventilation and demanding
seismic and geodetic monitoring.
The disadvantages are present fault-
zones and vein structures at the face,
where these zones of weakened
granite massif cause the dampening
of breaking pressure, during which
the required effect and rock block
separation does not occur, but
only just local rock crushing. The
cutting force of the tested type C9

Jeronym - podélny profil
Jeronym - longitudinal section

propojeni SDD a ODD
SDD and ODD interconnection

=N

komplex SDD
SDD complex

uroven HPV, zatopeni dolu Jeronym zkuSebni zazba
water table, flooding of Jeronym mine trial driving 735,0 m n.m.

Jeronym - situace Jeronym - plan zévaly caving falls

komplex SDD IIl SDD Il complex )
spodni partie a zadni vystup lower regions and rear ascent horni komora
rastr 1 x 1m grid 1x1m upper chamber

nalez
artefact

pfedni sestup

frontal descent prostiedni sestup

middle descent

achtice KS1
KS1 blind pit

zatopené partie ©
flooded regions
i 1

zatopéne B:r-tie
flooded egio
ke

naley jezero lake ,darda® is a maximum of 2000kN

b (200 tons according to data on the

Obr. 12 Ndlezy archeologickych artefaktii v komplexu SDD IIT manufacturer’s label) at a hydraulic
Fig. 12 Archaeological artefact findings in the SDD III complex pressure of 500 bars.

Advantages in these conditions
Celbé, kde tyto zony oslabeni Zulového masivu zpasobujici utlumeni outweigh the disadvantages and gathered experience is carried
trhaciho tlaku, pfi némz nedojde k poZadovanému tcinku arozpoje- | over to changes of the operating procedure and drill pattern
ni horninového bloku, ale pouze k lokdlnimu drceni horniny. Trhaci | for the improvement of speed and safety of the excavating
sila zkouSené dardy typu C9 je maximalné¢ 2000 kN (podle udaje advance. Monitoring is performed using 3D head and

vyrobce na Stitku 200 tun) pfi hydraulickém tlaku oleje 500 bart. excavation documentation testing, not only for recording the

Vyhody v téchto podminkédch prevazuji nad nevyhodami a zis- speed of excavation advancement, but also for geological head
kané zkuSenosti jsou prenaseny do uprav pracovniho postupu a vrt- documentation and continuous real implementation documentation
ného schématu pro zvyseni rychlosti a bezpecnosti postupu razby. in relation to the project and requirements for the precision of the

Monitoring je provadén formou testovani 3D dokumentace Celby | break-through into the small-profile medieval exploration gallery.
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a vyrubu, jak pro zaznamenavani rychlosti postupu razby, tak ke
geologické dokumentaci Celby a dokumentaci pribézného skutec-
ného provadéni dila ve vztahu k projektu a pozadavku na presnost
prorazky do maloprofilové stfedovéké prizkumné chodby. Vyhod-
noceni zkusebni razby v téchto podminkach bude provedeno v prt-
béhu roku 2025.

ZAVER

Intenzivni provoz na silnici I/18 v dseku prittahu méstem Piibram
pres Bfezové Hory provéfil za dobu déle nez 20 let po jeji rekon-
strukci a sanaci podlozi poddolovanych usekt ucinnost provede-
nych sanacnich praci a tcelnost vynaloZenych financnich prostred-
k. Za celé obdobi nedoslo k projeviim dalnich dél na povrch ani
ve formé poklesu povrchu silnice a k ohroZeni bezpecnosti provozu.
Na namésti J. A. Alise, kde nebyly provedeny preventivni sanacni
prace poddolovanych tsekt, doslo v roce 2022 k propadu namésti
u kostela sv. Vojtécha, pricemz se jedna o obdobné barsko-geolo-
gické poméry jako v podlozi sanované silnice.

V oblasti zastavby Horniho Slavkova, kde spravce dalnich dél
provadi kontroly sanovanych dsekd, rovnéZ nebyly dosud zjistény
poruchy ¢i jiné deformace komunikaci nebo povrchovych objek-
tt v nadlozi. Zkusenosti z bezohorského reviru byly tedy vhodné
a efektivné aplikovany i v podminkach uranového reviru Horniho
Slavkova. Na mistech, kde nebyla provedena aktivni opatfeni, jsou
z4jmova mista osazena monitorovacimi prvky pro sledovéni postu-
pu pfimych rozvolnovacich procest k povrchu pro pfipad nezbytné
realizace vhodnych sana¢nich opatieni.

Pfi zajiStovani ve slozitych podminkach nepravidelného komoro-
vého historického dobyvani v podloZi silnice II/210 v oblasti cino-
vého reviru Cista se v posledni dob& vyuZivaji kromé& geodetickych
metod a speleologického mapovani i nové metody prizkumu a 3D
mapovdni rozsahu Clenitych podzemnich prostor. Téméet okamZita
prostorova orientace umoziuje in situ posoudit stav a navrhnout
nezbytnd opatfeni vedouci ke stabilizaci dilnich d€l a objekta
v nadlozi. Nové metody mapovani jsou aplikovany pfi sestavova-
ni ucelovych fezil a projektovani stabiliza¢nich opatieni. Déle jsou
vyuzivany i k dokumentaci archeologickych ndlezii, geologické
dokumentaci Celeb, zaznamenavani rychlosti postupu razby, doku-
mentaci pribézného provedeni vyrubu podzemniho dila pfi ¢innosti
provadéné hornickym zptsobem na lokalité.

Ing. MARTIN SEFRNA,
martin.sefrna@geotechnika.cz,
SG Geotechnika a.s.
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Assessment of trial drilling in these conditions will be done over
the duration of the year 2025.

CONCLUSION

Intensive usage of road I/18 along the stretch of the Pfibram
through road across Bfezové Hory verified after more than 20
years after its reconstruction and rehabilitation of the undermined
subsoil section the effectiveness of the performed rehabilitation
works and the purposefulness of expended funds. Throughout the
whole period, no mine workings have manifested themselves on
the surface, neither in the form of road surface settling or safe usage
endangerment. On the J. A. Alis Square, where no preventative
rehabilitation works of the undermined sections were carried out,
an inbreak near the St. Vojtéch church happened in 2022, in which
case there are similar mine-geology conditions as in the surface of
the rehabilitated road.

At the Horni Slavkov development location, where the custodian
of the mine workings performs checks of the rehabilitated
sections, no faults or other deformations of communications or
surface objects in the overburden have also been found so far.
Expertise from the Bfezové Hory district was therefore properly
and effectively applied in the conditions of the Horni Slavkov
uranium district. In locations without active measures, places of
interests are outfitted with monitoring components for observation
of the advancement of direct dislodging processes to the surface
in case of necessary realization of appropriate rehabilitation
measures.

Whilst securing in difficult conditions of the uneven historic
caving in the subsoil of the 1I/210 road in the Cista tin region,
apart from geodetic methods and spelaeological mapping
even new methods of surveying and 3D mapping of the extent
of the sectioned underground spaces are being used. Nearly
instant spatial orientation allows in situ state assessment and
essential measures planning, leading to the stabilisation of
mine workings and objects in the overburden. New methods of
mapping are applied during assembly of purpose sections and
designing of stabilisation measures. Then they are used even for
the documentation of archeological discoveries, geological face
documentation, recording of the excavation advancement speed,
documenting continuous mine workings face execution during
activities carried out on location by a mining method.

Ing. MARTIN SEFRNA,
martin.sefrna@geotechnika.cz,
SG Geotechnika a.s.
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