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ZAJISTOVANI HISTORICKEHO DOLU JERONYM
Z POHLEDU GEOTECHNIKA
REMEDIATION OF THE HISTORICAL JERONYM MINE
FROM GEOTECHNICAL POINT OF VIEW

MARTIN SEFRNA

ABSTRAKT

Diil Jeronym v Cisté ve Slavkovském lese se nachdzi v loZiskovém trojiihelniku Horni Slavkov — Krdsno — Cistd, kde byl v minulosti pred-
métem teéZby cin. Vydobyté komory, propojovaci chodbice a pristupovd diilni dila ohroZuji nejen stabilitu povrchu, ale rovnéZ i silnici II/210
Krdsno—Sokolov, v jejimZ podloZi se nachdzeji. Jednd se o historickd diilni dila, k nimz piivodni mapovd dokumentace zcela chybi. JiZ
v dobé objevu, v roce 1982 pri jejich propadu, byla vzhledem k historickému vyznamu, zachovadni kulturniho dédictvi lidu a svédectvi jeho
dejin odmitnuta varianta likvidace téchto diilnich dél v podloZi komunikace a bylo rozhodnuto o jejich zachovdni a zajisténi tak, aby byla
udrZena nejen stabilita silnice, ale i vlastnich podzemnich historickych objektii pro jejich pripadné zpristupneéni a vyuZiti v budoucnosti.
Od té doby na lokalité probihaji systematické zajistovaci prdce kritickych cdsti dolu ohroZujicich stabilitu povrchu, a to vcetné nezajiste-
nych zdvalii a zatdpéjicich se prostor. S vyuZitim tradic¢nich i modernich geotechnickych metod a postupii zde probihaji stabilizacni prdce
povrchu, historického podzemi a pristupovych ditlnich dél.

ABSTRACT

The Jeronym mine in Cistd in Slavkovsky les is located in the ore deposit triangle Horni Slavkov — Krdsno — Cistd, where tin ore was
mined in the past. Excavated chambers, connecting corridors and access galleries threaten not only the stability of the surface, but also the
road 11/210 Krdsno—Sokolov. These are historical mining works for which the original map documentation is completely missing. Already
at the time of the discovery, in 1982 when they collapsed, due to their historical significance, the preservation of the cultural heritage of
the people and the testimony of their history, the option of liquidating these mine works under the road was rejected, and it was decided to
preserve and remediate them in such a way that stability would be maintained of not only of the road but also of the underground historic
structures for making them accessible and for their utilization in the future. Since then, systematic work has been carried out on the site to
stabilize critical parts of the mine that threatened the stability of the surface, including unremediated collapses and areas that are being
flooded. With the use of traditional and modern geotechnical methods and procedures, stabilization of the surface, historical underground

and access mine galleries is taking place there.

UVOD, STRUCNA CHARAKTERISTIKA

Lokalita se nachdzi 6 km od mésta Krasno ve sméru na Sokolov.
Dulni dila dolu Jeronym byla vyraZena prevazné v 16. stoleti v dobé
nejvetstho rozmachu t€Zby cinovych rud na nasem dzemi (obr. 1).
Tezba zde probihala podstatné dfive, jiz od 13. stoleti ryZovanim se-
kundarnich loZisek cinu, nez nasi pfedci presli k t€Zbé primérnich
lozisek. Stafi podzemnich komor je prokdzano z datace vydrevy
do 15. a 16. stoleti. TéZba zde probihala s prestdvkami v pribé¢hu
400 let a posledni prace zde souvisi s ovérovanim bilanc¢nich zasob
na Sn-W rudy ve druhé poloviné 20. stoleti.

Komplexy dilnich dél dolu Jeronym jsou vyraZeny v endokontaktu
krusnohorskych zul masivku Krudum, v jeho jiZni ¢asti pri kontaktu
s nadloZnimi biotitickymi a dvojslidnymi pararulami riizn€ intenziv-
né migmatitizovanymi a granitizovanymi. Tvofeny jsou vydobytymi
komorami propojenymi chodbicemi vyraZenymi v biotitické Zule ve
sklonu loziska 20 az 45° k jihu (obr. 2 a 3). S povrchem komunikuji
prostiednictvim zéavalti vydobytych komor nebo Sachtic. Mocnost
nadloZi ¢ini na vychozu loziska 2,0 m, v Grovni odvodiiovaci Stoly
a7 50 m. Zuly jsou riizné alterované, postizené postmagmatickymi
preménami (sericitizace, hematitizace, greisenizace), puklinovym
systémem horninového masivu, tektonickymi poruchami a Zilnymi
strukturami. Predmétem tézby byl impregnovany kasiterit v grei-
senizovanych zulach (metasomatické zrudnéni), podiizené drobné
zilky a sledované Zilné struktury. Zrudnéné zony v Zuldch (greiseny)
tvoti v prikontaktni zon€ nékolik paralelnich poloh, které byly pred-
métem exploatace a predurcovaly zpusob rozfarani loziska (obr. 3),

INTRODUCTION, BRIEF CHARACTERISTICS

The location is 6km from the town of Krasno in the direction
of Sokolov. The Jeronym mine was excavated mainly in the 16®
century during the period of the greatest expansion of tin ore mining
in our territory (Fig. 1). Mining took place here much earlier,
already from the 13" century by panning of tin secondary deposits,
before our ancestors moved on to mining primary deposits. The
age of the underground chambers is proven from the dating of the
old timber to the 15" and 16™ centuries. Mining took place here
with interruptions over the course of 400 years, and the last works
here are related to the verification of reserves of Sn-W ores in the
second half of the 20" century.

The Jeronym mine complex is excavated at contact with the
Kru$né Hory granites of the Krudum massif, in its southern part
at the contact with the overlying biotite and two-mica paragneis,
variously migmatized and granitized. They are formed by excavated
chambers connected by corridors excavated in biotite granite
at an inclination of 20 to 45° to the south (Figs. 2 and 3). They
communicate with the surface through the collapse of excavated
chambers or shafts. At the deposit outcrop, the thickness of the
overburden is 2.0m, up to 50m at the level of the drainage gallery.
The granites are variously altered, affected by post-magmatic
transformations (sericitization, hematitization, greisenization),
fracture system of the rock mass, tectonic disturbances and vein
structures. The object of mining was impregnated cassiterite
in greisenized granites (metasomatic ore), subordinate small
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VYSVETLIVKY
EXPLANATORY NOTES

komplex SDDI - oblast | starych ddlnich dél, objevenych 1982 a zpfistupnénych vefejnosti 2013
SDDI complex — area | of old mine workings discovered in 1982 and made accessible in 2013

komplex SDDII - oblast Il starych ddilnich dél, objevenych 2014 a zpfistupnénych vefejnosti 2023
SDDII complex — area Il of old mine workings discovered in 2014 and made accessible in 2023

komplex SDDIII - oblast Il starych dlinich dél, objevenych 2014 a zpfistupnénych 2023 tzv. adrenalinovou trasou

SDDIII complex — area Il of old mine workings discovered in 2014 and made accessible in 2023 so-called adrenaline educational tour
komplex SDDIV - oblast IV starych dinich dél, objevenych 2015, otevfenych novou Upadnici 2016, dosud nepfistupné

SDDIV complex — area IV of old mine workings discovered in 2015 and made accessible through inclined shaft in 2016

komplex ODD - oblast opusténych dlnich dél, znamych ve 20. stoleti, stara dila dotéena novymi priizkumy na cin, nepfistupné vefejnosti
ODD complex — area of abandoned mine workings, knownn in 20™ century, old mine workings affected by new exploration for tin
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Obr. 1 Schéma podzemi dolu Jeronym
Fig. 1 Scheme of the Jeronym mine

tzn. nepravidelné komorové dobyvani s ponechanymi mezikomoro-
vymi pilifi kritickych parametra.

Poté co byla vycerpana sekundarni loZiska Sn rud (ryZoviste), byli
nasi predchiidci nuceni hledat primarni loZisko na jeho vychozu,
které téZili nejprve povrchovym zptisobem — odfez, lom, povrchové
dobyvky, nasledné zpisobem hlubinnym. Postupné se zahlubovali
do horninového masivu k loZisku prostfednictvim slednych tpadnic
(chodbic), svislych nédleznych a téZnich Sachet (pinek) a horizon-
talnich prazkumnych $tol. Tyto sledné chodby a vyhledavaci Stoly
byly vyraZeny ru¢nim zpisobem, pouze pomoci mlitku a Zelizka
v Usporném profilu az 0,6 x 1,2 m (§ x v). Pfi ovéfeni zrudnéni byly
tyto chodbice a Stoly rozsifeny pro téZbu uzitkové slozky rozptylené
v horninovém masivu az do soucasné podoby vytézenych komor tzv.
Sirenim (obr. 4). K rozpojovani bylo pouZito v nejstarSich ¢astech
podzemi pouze mldtku a Zelizka, v téZebnich komorach se kromé
toho uplatnila kombinace s Zarovou metodou sdzeni ohné (obr. 2, 4)
[1]. V nové objevenych ¢astech dolu byly v roce 2022 zpozorovany na
sténach a stropé chodbic ruéné vrtané maloprofilové vyvrty s jilovou

zdroj: SG Geotechnika, OliSar P. 2023 source: SG Geotechnika, OliSar P. 2023

veins and main vein structures. Mineralized zones in granites
(greisen) form several parallel positions in the near-contact
zone, which were the subject of exploitation and determined the
way stoping the deposit (Fig. 3), i.e. irregular room-and pillar
mining.

After the secondary Sn ore deposits (panning fields) were
exhausted, our predecessors were forced to look for the primary
deposit at its outcrop, which they excavated first in open-pit mining
— cutting, quarrying, strip mining, then by underground mining.
They gradually excavated into the rock mass to the deposit through
winzes (corridors), vertical prospect and winding shafts (pinkas)
and horizontal exploratory galleries. These winzes and exploratory
galleries were excavated by hand mining using only a hammer and
iron in an economical profile of up to 0.6 x 1.2m (w x h). During
the verification of the mineralization, these corridors and galleries
were widened for the extraction of the utility component scattered
in the rock mass up to the current shape of the mined chambers
by the so-called corridors expansion (Fig. 4). In the oldest parts of
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Obr. 2 Priklad rozfdrdni loZiska, komorové dobyvdni s navazujicimi dillnimi dily
Fig. 2 An example of deposit mining, chamber mining with subsequent mine workings

Obr. 3 VytéZend zrudnénd poloha, SDDII
Fig. 3 Excavated mineralized deposits, SDDII

ucpéavkou a stopami po stielném prachu. Jedna se o dochované uni-
kétni misto pfechodu z ru¢niho rozpojovani na rozpojovani pomoci
trhacich praci. Trhaci prace ¢ernym prachem byly poprvé na svété
komisiondlng provedeny roku 1627 v Banské Stiavnici a znamenaly

vyznamnou zménu v procesu razby a dobyvani. PIné
se vyuzivaly az v 18. stoleti [zdroj: Narodni technické
muzeum Praha]. Na zdklad¢ fady pozorovani v dole
lze predpoklddat, Ze ne vSechny blokovité zdvaly zde
vznikly pfekrocenim pevnostnich parametri ponecha-
nych mezikomorovych pilifd kritickych rozméra, ale
byla zde uplatnéna i dobyvaci metoda tézby na zdval.

METODY PRUZKUMU PODZEMI

V dasledku pozaru mésta Cistd (Lauterbach, od
roku 1551 kralovské horni mésto) v roce 1772, nejsou
dochovéany 7adné pisemné materidly k historickému
dolu, vyjma casti opusténého dilniho dila (ODD),
kde probihalo v 60. letech ovéfovéni bilan¢nich z4-
sob Sn-W rud. V pribéhu zajistovacich praci je tak
nezbytné provadét systematicky prizkum rozsahu
poddolovéni — rozfirani loZiska a nové vznikajici ma-
povou dokumentaci pribézné aktualizovat s novymi
objevy (obr.1). Kromé klasickych geodetickych metod

foto PFibil M. photo PFibil M.

the underground, only a hammer and iron were used
for rock disintegration, in addition, a combination
with the fire-setting was used in the mining chambers
(Fig. 2, 4) [1]. In newly discovered parts of the mine,
hand-drilled small-profile boreholes with a clay plug
and traces of gunpowder were observed on the walls
and ceiling of the corridors in 2022. This is a unique
preserved place of transition from manual excavation
to blasting. Blasting works with black powder were
commissioned for the first time in the world in 1627
in Bansk4 Stiavnica and marked a significant change
in the mining and mining process. They were not fully
used until the 18" century [source: National Technical
Museum Prague]. Based on a series of observations
in the mine, it can be assumed that not all collapses
were created by exceeding the strength parameters
of the chamber pillars of critical dimensions, but the
caving method was also applied here.

METHODS OF UNDERGROUND SURVEY

As a result of the fire of the town of Cistd
(Lauterbach, since 1551 the royal mining town)
in 1772, no written materials about the historic
mine have been preserved, except for a part of the
abandoned mine workings (ODD), where verification
of Sn-W ore reserves took place in the 1960s. In
the course of the remediation works, it is therefore
necessary to carry out a systematic survey of the
extent of underground excavations — the opening of
the deposit and to continuously update the newly
emerging map documentation with new discoveries
(Fig. 1). In addition to classic geodetic methods
supplemented by speleological procedures, laser 3D
scanning methods of accessible mine shafts have
recently been applied, especially when designing the
drainage of flooded parts of the mine (Fig. 5), when
remediating rock collapses and connecting individual
underground spaces separated by collapses (sections,

cubature, break-out polygons, 3D models). The creation of the
necessary purposeful longitudinal sections in relation to the surface
proved to be crucial during the excavation work of the old shafts
and their connection to the underground mines and corridors

Obr. 4 Komorové dobyvdni tzy. Sifenim
Fig. 4 Chamber stoping by so-called “corridors expansion”




navrzeny odvodriovaci vrt, délka cca 40 m
igned drainage borehole, length approx. 40m

zdroj: SG Geotechnika source: SG Geotechnika
Obr. 5 Ndvrh odvodtiovaciho vrtu mezi komplexy I a 11, svisly pohled na model ziskany 3D skenovdnim
Fig. 5 Design of the drainage borehole between complexes I and I, vertical view of the model obtained by 3D

scanning

doplnénych speleologickymi postupy jsou v posledni dobé uplat-
novany metody laserového 3D scanovéni pristupnych dilnich d€l,
a to zejména pri navrhovani a projektovani odvodnéni zatapéjicich
se ¢asti dolu (obr. 5), pfi zmahani zavala a propojovéni jednotlivych
podzemnich objekti oddélenych pravé zavaly (fezy, kubatura, pro-
razkové polygony, 3D modely). Tvorba nezbytnych tcelovych po-
délnych fezl ve vztahu k povrchu se pfi zmahacich pracich starych
Sachet a jejich napojeni na podzemni dobyvky a chodbice vyrazené
ve vice drovnich ukézala jako klicova. V soucasné dobé se pracuje
na vyuziti jednotlivych prostorovych 3D modelli podzemi pro vyhle-
davani ptivodnich propojeni, dnes nepfistupnych, mezi jednotlivymi
objekty bez nutnosti razit nova dila v historickém dole. V roce 2008
byl dil prohldSen za narodni kulturni pamatku (NKP) diil Jeronym
a veSkeré price zde probihaji pod dohledem Narodniho pamatkové-
ho tstavu (NPU) v Lokti.

Z neptimych prizkumnych metod byl v roce 2021 aplikovan
soubor geofyzikalnich metod pro ovéfeni stavu podlozi komunika-
ce a planované modernizace silnice 11/210. Nasazena byla zejména
elektrickd odporova tomografie, mélka refrakcni seismika, georadar
a mikrogravimetrie (obr. 6). Pro vyhledavéni zasypanych starych
Sachet se osvédcily sondy dynamické penetrace, které byly vyuZi-
ty rovnéz i k ovéfeni typu a kvality zasypt Sachty, stanoveni jejich
hloubky a k presné lokalizaci profilu pro zaloZeni ivodniho rdmu pfi
jejich zmahani. K podrobnému prizkumu pak byly pouzity pfimé
metody ovéfeni geotechnického stavu dilnich dél a okolniho hor-
ninového masivu — fyzickd prohlidka, plnoprofilové vrty a prace
provadéné hornickym zpusobem, to vSe s geotechnickym dozorem
a prubéZznym posuzovanim stability masivu [2], [3]. Nedilnou sou-
Casti byl geotechnicky monitoring uplatnény do stavajicich dalnich
dél — konvergencni méfeni v komorach, strunové deformetry v me-
zikomorovych pilifich, tlakové podusky mezi nové budovanymi
podpé€rnymi pilifi a stavajicim vyrubem, 2D a 3D dilatometry na
puklinach, ty¢ové extenzometry ve vrtech. Pfi zmdhani zavalii mezi
jednotlivymi komplexy byly nasazeny v ramci observacni metody
strunové dilatometry na puklinich mezikomorového pilife s online
prenosem naméfené deformace pro fizeni postupu a zpisobu zajisto-
vani zéavalu a zajiSténi stability nadloZi komor. Na povrchu se uplat-
nily metody pfesné nivelace povrchu komunikace.
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excavated at several levels. Currently,
work is being done on the use of
individual spatial 3D models of the
underground to search for original
today
between individual spaces without
the need to excavate new openings in
the historic mine. In 2008, the mine
was declared a national cultural
monument (NKP) Jeronym mine,
and all work is carried out here
under the supervision of the National
Monument Institute (NPU) in Loket.

Of the indirect survey methods,
a set of geophysical methods was
applied in 2021 to verify the state
of the subsoil of the road and the
planned modernization of road
1I/210. In particular, electrical re-
sistivity tomography, shallow seis-
mic refraction, georadar and micro-
gravimetry were used (Fig. 6).
Dynamic penetration probes have
proven themselves for the search of filled-in old shafts, which
were also used to verify the type and quality of the shaft backfills,
determine their depth and to precisely locate the shaft profile for
placing the initial frame during their excavation. Direct methods
of verifying the geotechnical condition of the mine and the
surrounding rock mass were then used for the detailed survey —
physical inspection, borehole drilling and work carried out in
a mining manner, all with geotechnical supervision and continuous
assessment of the rock stability [2], [3]. An integral part of
investigation was geotechnical monitoring which was applied to
existing mine shafts — convergence measurements in chambers,
string deformers in chamber pillars, pressure load cells between the
newly built support pillars and the existing excavation walls, 2D
and 3D dilatometers in fissures, rod extensometers in boreholes.
When coping with collapses between individual mine complexes,
string dilatometers were installed as part of the observation method
of the cracks in the chamber pillar with online transmission of the
measured deformation to control the progress and the method of
collapse stabilization and ensuring the stability of the overburden
above the chambers. On the surface, methods of precise leveling of
the road surface were applied.

komplex SDDII [EESESE
SDDII complex I

connections, inaccessible,

RENEWED MINE ACCESSES

Old shaft by the road location

One of the restored and remediated historical shafts is the Stara
Jama discovered during the excavation of the Nova Jama shaft as part
of ensuring the second entrance to the underground complex (Fig. 1).
The remediation of the cave-in in a chamber led to the discovery of
the Stard Jama shaft, located approximately 7m from the shoulder
of road II/210 Sokolov—Krasno. After carrying out exploration work
on the surface and underground, the remediation documentation of
the mouth and body of the shaft was prepared, taking into account
the historical origin and in accordance with the procedures of the
16™ century, supplemented by modern reinforcement methods. The
mouth of the shaft was lined with local stone to a depth of 5.0m, the
shaft body was supported with stone walls in places of the collapse
initiation. The equipment of the pit is wooden with a mining and
climbing areas with wooden ladders (Fig. 7). The depth is 24m, while
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Obr. 6 Vysledky geofyzikdlniho prizkumu podloZi silnice, poddolovdni
Fig. 6 Results of the geophysical survey of road subsoil, undermining

OBNOVENA PRISTUPOVA DULNI DILA

Stara Sachta u silnice

Jednou z obnovenych a zajisténych historickych Sachet je Stara
jama objevena pii hloubeni Nové jamy v ramci zajisténi druhého
vstupu do podzemniho komplexu (obr. 1). Zmahanim zavalu v ko-
more doslo k objevu Staré jamy nachdzejici se cca 7 m od krajnice
silnice 11/210 Sokolov—Krasno. Po provedeni prizkumnych praci
na povrchu a v podzemi byla zpracovana dokumentace zajisté-
ni ohlubné a stvolu jamy s pfihlédnutim k historickému ptvodu
a v souladu s postupy 16. stoleti, doplnénymi modernimi sanac-
nimi metodami. Ohlubeni jamy byla vyzdéna z mistniho kamene
do hloubky 5,0 m, stvol jamy byl zajistén kamennou obezdivkou
v mistech navazujicitho zdvalu. Vystroj jamy je dfevénd s téZnim
a leznym oddélenim s dfevénymi Zebfiky (obr. 7). Hloubka c¢ini
24 m, pfi¢emzZ profil pfi povrchu je rozméra 2,5 x 1,5 m a smérem
do hloubky k navazujici komote se postupné¢ zmensuje na 1,2 x
0,8 m. Zachovéni plivodniho profilu znamenalo pfizplsobeni vy-
stroje jamy skute¢nym rozmérim. Ze stvolu je vyraZzeno nékolik
prazkumnych rozrazek v dsporném profilu zakoncenych celbou,
pficemz v intervalu 8,0 az 12,5 m navazuje stvol na zavalenou ko-
moru komunikujici s povrchem. Kromé kamenné vyzdivky stény
jamy byl zaval komory zabezpecen stabilizacni sténou z mikropilot
po celé vychodni a jizni sténé, v poctu 14 ks, v délce 16 m, kotve-
nych v pevné pocvé komory v délce 2 az 3 m. Mikropiloty a zaval
byly stabilizovany cementovou injekéni smési s fizenou spotfebou.

zdroj: SG Geotechnika source: SG Geotechnika

the profile at the surface is 2.5 x 1.5m and gradually decreases with
the depth to 1.2 x 0.8m towards the chamber connection. Preserving
the original profile meant adapting the shaft equipment to the actual
dimensions. Several exploratory galleries of an economical size are
excavated from the shaft, while at an interval of 8.0 to 12.5m, the
shaft connects to a caved-in chamber which communicates with the
surface. In addition to the stone lining of the shaft wall, the caved-in
chamber was remediated by a stabilizing wall of micropiles along
the entire eastern and southern walls, with 14 pieces, 16m long,
embedded in the solid ground of the chamber bottom for a length
of 2 to 3m. The micro-piles and the cave-in were stabilized with a
cement injection mixture with controlled consumption volume. The
body and the mouth of the shaft were stabilized as well as the subsoil
of the road in the zone of influence.

Collapse of the old shaft SDDII (KS1)

In the fall of 2017, the surface above the historic mine complex
discovered in 2014 and documented in the following years (old
mine shafts (SDD), area II) collapsed. The sinkhole, 5.0m in
diameter and 2.0m deep, was subject to further exploration using
dynamic penetration probes and one exploratory borehole. The
results verified the existence of a vertical mine shaft 56m deep.
According to the newly compiled underground documentation,
this shaft provides access to ore extractions at least at three depth
levels representing mined-out mineralized positions. Subsequently,
remediation work began in the sinkhole in order to stabilize and
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Obr. 7 Stard Sachta u silnice po vystrojeni v duchu 16. stoleti
Fig. 7 An old shaft by the road after being supported by the methods of the
16" century

Stvol a ohlubeii jamy byly stabilizovany a podloZi silnice v pdsmu
vlivu bylo zajisténo.

Propad staré Sachty SDDII (K$1)

Na podzim roku 2017 doslo k propadu povrchu nad komplexem
historickych dalnich dél objevenych roku 2014 a v nasledujicich
letech zdokumentovanych (starych dilnich dél (SDD), oblast II).
Propad o priméru 5,0 m a hloubce 2,0 m byl podroben dal§imu pri-
zkumu pomoci sond dynamické penetrace a jednim plnoprofilovym
vrtem. Vysledky ovéfily existenci svislého dilniho dila hlubokého
56 m. Dle nové provedené dokumentace podzemi toto dilo zpristup-
nuje dobyvky minimélné ve tfech hloubkovych trovnich reprezentu-
jicich vydobyté zrudnéné polohy. Nasledné zapocaly zmdhaci prace
v propadu za tcelem jeho stabilizace a obnoveni historické Sachty
(pracovné oznacené KS1). Geotechnicky prizkum potvrdil velmi
slozité geotechnické poméry (zévalové prostfedi) s neurcitou polo-
hou profilu Sachty. Projekt navrhl vyzméhéni propadu Sachty v pro-
filu 2,6 x 1,6 m pomoci hnaného paZeni union, s leznym a t€Znim
oddélenim, zavésenou ocelovou dilni vyztuzi K21 v kroku 1,0 m na
ohlubiiovém ramu. Ten je zabudovan v armované betonové ohlubtio-
vé desce o rozmérech 6,0 x 5,0 m, tloustky 0,55 m, zaloZzené 2,0 m
pod stavajici drovni terénu, tedy pod trychtyfem propadu. Pfedpo-
kladem bylo realizovat prizkumné dilo za tcelem ovéfeni geotech-
nickych pomérii propadu, piivodni Sachty a skutecné hloubky skal-
niho masivu v mist&. Sachty v okoli zastihuji skalni masiv vétSinou
do hloubky 5,0 m. Ve skalnim masivu mélo byt pokracovano v duchu
postupll 16. stoleti dievénou vyztuzi kotvenou ve stavajicim horni-
novém masivu.

V prubéhu praci se zjistilo, Ze jizni sténa od hloubky 11 m je
tvorena skalnim masivem ptvodni jamy. Pro dosaZeni této hloub-
Ky jiZ bylo nezbytné zdvalovy zeminovy materidl za paZzenim (ze-
mina G3/S3-GS5 s balvany) lokdlné stabilizovat chemickou injektazi
polyuretany. Ve 14 m se objevil i jihovychodni roh plvodni jamy.
Severni a zdpadni bok jamy stédle tvoril zdvalovy materidl. Zacalo
tedy dochédzet k nerovnomérnému sedani povrchu Zelezobetonové
desky ohlubné 25 az 40 mm (obr. 8). Na zdkladé doporucenti stati-
ka byla provedena opatieni spocivajici v odleheni zatiZeni od dulni
vyztuZe. Severni sténa a severozapadni roh jamy byly podchyceny
v hloubce 13 m vysokopevnostnim vazacim fetézem G10-16 zakot-
venym na povrchu v betonovém bloku. V kombinaci s odlehcova-
cimi vénci byly spodni rdmy vyztuZe opfeny o injek¢ni zavrtavaci
tyCe R32/250, zakotvené a zainjektované do stavajiciho horninového
masivu [5]. Po realizaci téchto opatfeni se pokracovalo v hloubeni
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restore the historic shaft (labeled KS1). The geotechnical survey
confirmed very complex geotechnical conditions (collapse area)
with an undetermined position of the shaft profile. The project
proposed to restore collapsed shaft by excavating a profile of 2.6 x
1.6m supported by steel-sheet forepoling (Union sheets), with
a climbing and mining section, U-channel mine support steel ribs
K21 suspended on a shaft mouth frame in a round length of 1.0m.
The frame is built in a reinforced concrete slab with dimensions
of 6.0 x 5.0m, thickness of 0.55m, embedded 2.0m below the
existing ground level, i.e. below the sinkhole funnel. The premise
was to carry out survey work in order to verify the geotechnical
conditions of the sinkhole, the original shaft and the actual depth of
the bedrock at the site. The shafts in the vicinity enter the rock mass
mostly to a depth of 5.0m. In the rock mass it was to be continued
in the spirit of the 16™ century procedures with wooden timber
embedded in the existing rock mass.

In the course of works, it was discovered that the southern wall
from a depth of 11m is formed by the rock mass of the original
shaft. In order to achieve this depth, it was already necessary to
locally stabilize the backfill material behind the lagging (G3/S3-
G5 of gneiss character with boulders) by chemical injection of
polyurethane. At 14m, the southeast corner of the original shaft
was also encountered. The north and west sides of the shaft were
still made up of collapsed material. Therefore, uneven settlement of
the surface of the reinforced concrete slab with a depression of 25
to 40mm began to occur (Fig. 8). Based on the recommendations
of a structural engineer, measures were taken to relieve the load
from the steel rib support. The north wall and northwest corner of
the shaft were underpinned at a depth of 13m with a high-strength
G10-16 tie chain anchored to the surface by a concrete block. In
combination with relief rings, the lower steel support ribs were
supported by injected borehole bars R32/250, anchored and injected
into the existing rock mass [5]. After the executing these measures,
excavation of the pit continued. At 16m, the southwestern corner of
the original pit also began to show up.

At the beginning of October, after heavy rains, work had to be
stopped when a depth of 20m was reached. Excessive vertical
uneven deformation of the horizontal steel ribs from a depth
of 4.0m (+24mm, +41mm), breakage of 3 hinges at the place
of the bolt of the friction coupling of the mining section on the
north wall and significant bulging of the hinges towards the shaft
between the depths of 5 to 13m. During the development of the
design and the constuction of the necessary measures, unsuitable
climatic conditions with new precipitations contributed to the
further development of deformation (+14mm, +23mm) and rupture
of the fourth hinge as well. Total deformation reached 63mm on
the southern and 104mm on the northern wall. The course of the
deformation is evident from the graph of the depression settlement
monitoring (Fig. 8). At the end of October, remedial work was
started according to the design of the structural engineer —
strengthening and supplementing the hinges of the horizontal steel
ribs along the entire depth of the shaft, adding steel spacers in the
corners between the horizontal steel ribs against uneven settlement
and strengthening with vertical waling beams along the entire
height of the shaft by mine channel steel ribs K21 in the mining
section (Fig. 9).

In the course of works and thanks to favorable climatic
conditions, the trend of the deformation development of was
mitigated. The development resumed after the pit was deepened
to a depth of 23m, where there was the planned connection to the
collapsed crosspassage and the adjacent mined-out chambers of the
Jeronym mine complex. Monitoring carried out at the shaft mouth
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monitoring ohlubné jamy - svislé deformace
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Obr. 8 Monitoring seddni ohlubné staré Sachty KS1I
Fig. 8 Subsidence monitoring of shaft mouth of the old shaft KS1

jamy. V 16 m se zacal objevovat i jihozapadni roh pivodni jamy.
Zacatkem fijna, po vydatnych destich, musely byt préace pri dosaZeni
hloubky 20 m zastaveny. Byly zjistény nadmérné svislé nerovnomér-
né deformace vodorovnych ramt dilni vyztuze od hloubky 4,0 m
(+24 mm, +41 mm), pretrZzeni 3 ks zavést v misté Sroubu tfrmenové
spojky téZniho oddéleni na severni sténé a misty vyrazné vybouleni
zaveéslt smérem do jamy mezi 5. az 13. m. V pribéhu zpracovani
navrhu sanace a realizace nezbytnych opatieni prispély nevhodné
klimatické poméry novymi srdZkami k dal§imu rozvoji deformaci
(+14 mm, +23 mm) a pretrZeni i Ctvrtého zavésu. Celkové defor-
mace dosdhly 63 mm na jizni a 104 mm na severni sténé. Priib¢h
deformace je zfejmy z grafu provadéného monitoringu sedéni ohlub-
né (obr. 8). Na konci fijna byly zahdjeny sanacni prace dle navrhu
statika — zesileni a doplnéni zavési vodorovnych ramil po celé vySce
jamy, doplnéni ocelovych rozpér v rozich mezi vodorovnymi ramy
proti nerovnomérnému sedani a zesileni svislymi prevazkami po celé
vysce jamy dulnim profilem K21 v t€Znim oddéleni (obr. 9). V pri-
béhu sanacnich praci a diky pfiznivym klimatickym pomériim doslo
ke zmirnéni trendu vyvoje deformaci. K jejich rozvoji opét doslo po
prohloubeni jamy na hloubku 23 m, do mist planované¢ho napoje-
ni zavalené propojky a navazujicich vydobytych komor komplexu
dolu Jeronym. Monitoring provadény na ohlubni jamy i v néasledu-
jicim obdobi prokézal svislé deformace dilni vyztuze v zavislosti
na srazkéach a tani sné¢hové pokryvky (obr. 8). Z tohoto diivodu byly
v nasledujicich letech realizovany sanacni stabilizacni injektaze za-
valového materidlu z povrchu, prohloubeni jamy do drovné skalni-
ho masivu a stabilizace stvolu jamy trvalou vyztuZi ze Zelezobeto-
nu s odleh¢ovacim véncem kotvenym svorniky v trovni ovéfeného
skalniho masivu [5]. Dnes jsou tyto prace dokonceny. Betonovy
povrch tvoii strukturdlni matrice ve vzoru dfevo. Jdma je rozdéle-
na na lezné a téZni oddéleni, vybavena dfevénymi Zebriky a povaly.
Zavalend propojka do navazujicich komor je vyzmahdna hornickym
zplisobem a zajisténa primarni i trvalou vyztuzi v mist¢ napojeni na
jamu. V pribéhu hloubeni bylo vyuZito sond dynamické penetrace
k ovéfovani zavalu jamy na jejim dn¢ a vyhledani skalniho masivu
pro zakotveni trvalé vyztuZze jamy (obr. 10). Pfi navrhu zméhéni pro-
pojky se vyuzilo laserového 3D scanovani propojovanych objekti
pro projekt a pro stanoveni potiebného vykazu vymér. Jama dnes
slouzi k vétrani zptistupnéné¢ho komplexu podzemnich prostor, do-
pravé materialu do podzemi, odtéZovani zavalového materidlu z na-
vazujicich podzemnich prostor, provadéni prizkumu a v neposledni
fadg€, v pripad¢ potieby, jako tinikova cesta pro navstévniky podzemi
v dobgé turistické sezony.

zdroj: SG Geotechnika source: SG Geotechnika

in the following period also demonstrated vertical deformation
of the mine steel ribs reinforcement depending on precipitation
and melting of the snow cover (Fig. 8). For this reason, in the
following years, stabilization grouting of the collapsed material
was performed from the surface, deepening of the shaft to the level
of bedrock, and stabilization of the shaft with permanent reinforced
concrete lining with a support collar anchored with bolts at the level
of the confirmed rock level were realized [5]. Today these works
are completed. The concrete surface has imprint of a wood pattern.
The pit is divided into climbing and mining sections, equipped
with wooden ladders and timber wood. The collapsed crosspassage
connected to the chambers is mined and supported with primary
and permanent lining at connection to the shaft. During excavation,
a dynamic penetration probe was used to verify bottom level of
the collapse and to locate the rock mass for anchoring the shaft
permanent lining (Fig. 10). During the design of the crosspasage
remediation, laser 3D scan of the connected mined spaces was
used to determine the necessary dimensions. Today, the shaft is
used to ventilate the accessible complex of underground spaces, to
transport material underground, to muck collapsed material from
adjacent underground spaces, to carry out research and finally, if
necessary, to serve as an escape route for underground visitors
during the tourist season.

Obr. 9 Zmdhdni staré Sachty v propadu, stav po sanaci vyztuZe KS1
Fig. 9 Remediation of the old shaft in the collapsed area, situation after
remediation of the KS1 support




Tézni Sachta SDDIII (KS2)

V ramci mezindrodni spolupriace Cesko-bavorského geoparku
vznikl projekt Zula a voda [4], ktery se zamé&fil na cile propojeni
jednotlivych komplexii dolu stavajicimi nepriichodnymi koridory
v Zulovém masivu postizeném zavaly. Z pfedchozich prizkumi byly
znamy a zmapovany komplexy SDDII, SDDIII a objeven propojo-
vaci koridor v délce 80 m (na obr. 1 je jiz soucasti SDDIII). Je tvoten
dvéma prizkumnymi $tolami tsporného profilu, Zilnou a izkou do-
byvkou, zdvalem staré Sachty a dvéma zavaly na kiiZeni Stol a chod-
bice s navazujici zavalenou komorou. Klicové pro zpfistupnéni
a zajisténi tohoto spojovaciho koridoru bylo vyzmahani a obnoveni
staré Sachty (pracovné oznadené KS2), ktera se nachdzela piimo na
trase v misté zalomeni a v poloviné vzdalenosti spojovaciho korido-
ru. Predstavovala idedlni polohu pro téZni Sachtu (dopravu materidlu
a odtéZovani zdvala z trasy). Na povrchu byla jeji poloha rovnéz vy-
hodna pro snadny pfistup techniky a odklizu vytéZeného materidlu
mezi povrchovymi dobyvkami a ostatnimi pinkami.

Sondy dynamické penetrace poslouZily k ovéfeni Sachty, trych-
tyfovitého tvaru v zo6né zvétrani, presného profilu jamy, charakte-
ru zasypu/zdvalu a samotné hloubky. Na zaklad€ té€chto vysledki
byl vyty€en tGvodni ohlubiiovy rdm a vytvoreny predpoklady pro
zajisténi ohlubné. Vzhledem k historické hodnoté a vhodnym geo-
technickym podminkdm byly zvoleny hornické postupy 16. stoleti
s dfevénou vyztuZzi a vystroji jamy s leznym a t€Znim oddélenim do
konecné hloubky 19 m [1]. Profil pitvodni jamy na povrchu Cinil
2,4 x 2,2 m, svétly profil vystrojeni 1,7 x 1,2 m. Dfevéna vyztuz je
kotvena v ptivodnich nebo v nové vytvorenych kapsach horninového
masivu. Pavodni profil Sachty je smérem do hloubky nepravidelny
a zmenSuje se. VyraZen je v navétralé a alterované Zule. Ramy jsou
osazeny v nepravidelnych intervalech na vhodnych mistech s tpra-
vou pro lazka. V prvni polovin€ jamy nebylo pouzito pazZeni, vyjma
ohlubné (obr. 11). Ta je na usti v misté trychtyfovitého tvaru plné
zapazena fosnami do hloubky 3,0 m a zajiSténa betonem s vyztuZzi.
Do masivu je kotvena svorniky ve tfech faddch. V druhé poloviné
hloubky Sachty se jiz nachdzi rozfarani do navazujicich komor sever-
nim a severovychodnim smérem, které byly ze 2/3 zaplnény zavaly
komunikujicimi misty s povrchem. Sachta se v misté komory rozsi-
fila na 4 az 5 m a zajisfovani zavalu v prabe¢hu hloubeni piedstavo-
valo technicky a ¢asovy problém. Zmahani probihalo v kroku 0,8
az 1,0 m za pomoci ru¢né predrazenych jehel nebo jejich zardZenim
sbijecimi kladivy v roztec¢i 10 az 15 cm vzhledem k piscito-balva-
nitému charakteru zavalu. Ocelové jehly byly stabilizovany v celé
$ifi komory rovnymi profily dalni vyztuze K21, zakotvené v bocich

Obr. 11 Stvol staré Sachty po vyzmdhdni a vystrojeni v duchu 16. stoleti, KS2
Fig. 11 Old shaft after remediation and equipment restoration by the mehtods
of the 16" century, KS2
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Obr. 10 Priizkumné sondy dynamické penetrace v jamé KS1
Fig. 10 Exploration probes of dynamic penetration in the KS1 shaft

Mining shaft SDDIII (KS2)

As part of the international cooperation of the Czech-Bavarian
Geopark, the Granite and Water project [4] was created, which
focused on connecting individual mine spaces through existing
impassable corridors in the granite massif affected by collapses.
From previous surveys, the SDDII, SDDIII complexes were known
and mapped, and an 80m long connecting corridor was discovered
(in Fig.1, it is already part of SDDIII). It is made up of two
exploratory galleries of an economical profile, a narrow vein stope,
collapsed old shaft and two collapses at the crossing of galleries
and a corridor connected to caved-in chamber. The key to making
this connecting corridor accessible and safe was the recovery
and restoration of the old shaft (designated KS2), which was
located directly on the route at the point of the bend and halfway
through the connecting corridor. It represented an ideal location
for a mining shaft (transportation of material and removal of muck
from the route). Its surface location was also advantageous for easy
access of equipment and removal of excavated material between
surface extraction pits.

Dynamic penetration probes were used to verify the shaft, the
funnel shape in the weathering zone, the exact profile of the shaft,
the nature of the backfill/collapsed material and the depth. Based
on these results, the initial support frame at the shaft mouth was
laid out and prerequisites for remedying the shaft top were created.
Due to the historical value and suitable geotechnical conditions,
16" century mining methods were chosen with wooden support and
shaft equipment with climbing and mining sections to a final depth
of 19m [1]. The profile of the original shaft on the surface was 2.4 x
2.2m, the clearance profile was 1.7 x 1.2m. The wooden support is
anchored in the original or newly created pockets of the rock mass.
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jémy do vytesanych lizek opatfenych svorniky a betonovou mazani-
nou. Sténa jamy v misté zavalu byla dodatecné zapazena dievénymi
fo$nami za nové osazené dievéné ramy dilni vyztuZe. Nasledné byly
vyzmahany jamové zavaly ve sméru spojovacich koridor a jama
mohla byt vyuzita k jejich obnové do piivodniho profilu, ve sméru
do komplexu SDDIII v délce 40 m a ve sméru do komplexu SDDII
v délce 20 m. V soucasné dobé¢ jama slouZi k pfirozenému odvétra-
ni jednotlivych komplext, dopravé materidlu, odt€Zovani rubaniny
z podzemi a v sezéné k vystupu navstévnikli podzemi z tzv. adrena-
linové naucné prohlidkové trasy.

SPOJOVACI KORIDORY ME2l KOMPLEXY DOLU

Prizkumné price v podzemi objevily potfebné propojky mezi
komplexy dilnich dél bez nutnosti raZzby novych spojeni v histo-
rickém dole a tim znehodnoceni narodni kulturni pamatky. Kom-
plex starych diilnich dél SDDI byl objeven v roce 1982, SDDII
v 1ét€ 2014 a SDDIII na podzim 2014 (obr. 1). Jsou oddéleny zava-
ly nebo kombinaci zavall a tvofeny nestabilnimi ¢i nepriichodny-
mi prizkumnymi dily Gspornych profili vzniklych pfi vyhleddvani
zrudnénych poloh. Komplex SDDI byl nové zajiSfovan prevazné
dozdivanim, pfizdivanim stdvajicich poruSenych nebo zeslabenych
mezikomorovych pilitd kritickych parametri a vystavbou novych
podpémych kamennych pilifi podfaranych horninovych bloku. Pfi
odtézovani zavall a splavenych sedimentl v komorach byl pfi jejich
odlehCovani vyuzit monitoring vyrubu komor a jejich mezikomoro-
vych pilifi. Zaroven bylo feSeno zatipéni spodnich ¢ésti dolu po-
vrchovou vodou prosakujici skrze zavaly komunikujici s povrchem.
Komplex SDDI je pro navstévniky dolu zpfistupnén novou $tolou
a Sachtou od roku 2013.

Komplex SDDII byl objeven pii vyzmahani jedné z Gsporné vy-
razenych prizkumnych Stol. Vede z komory, v niZ bylo nasledné
objeveno dfevéné potrubi pro Cerpani dillnich vod a hloubéji na sté-
né geodetickd znacka Stufa 1629 (letopocet postupu praci v dole).
Nevyhovujici profil spojovaci chodby 0,7 m? vysky 1,2 m a Sife
0,6 m vedl ke vzniku projektu pro nalezeni a vybudovani nového
vyhovujiciho spojeni. Existovalo pouze jediné feSeni, a to vyzmaha-
ni starého zavalu propadu tzv. Velké pinky. Na povrchu se projevuje
trychtyfovitym propadem o pudorysnych rozmérech 22,0 x 15,0 m
a hloubce 5,0 m. Vhodné misto ke zméhani zavalu bylo vytipova-
no v okrajové Casti komory s alespon jednou pevnou skalni st€nou,
o kterou se zaprely a do ni ukotvily uzaviené ramy dalni ocelové
vyztuZze K21 lichobéznikového profilu. Za pomoci predriZzeného
pazeni union bylo mozné zaval oddélit od budovaného priichoziho
koridoru profilu 3,6 m% Krok vystavby dilni vyztuZe byl stanoven
na 0,8 m s plnym paZenim Celby fo§nami v horizontalnim ¢lenéni,
tzv. délenymi c¢ilky. Zmahdni zavalu probihalo v hloubce cca 30 m.
PrestoZe bylo nacasovdno na Cerven, do obdobi s vhodnymi klima-
tickymi poméry, doslo v patek po destich a opusténi pracovisté ke
ztekuceni jilovito-pisc¢itého materidlu ze zavalu v nadloZi a k jeho
preteceni pies zapaZenou Celbu do jiz vyzmédhaného tseku v obje-
mu 12 m?. Ziskané zkuSenosti byly zapracovany do technologického
postupu zméhdni s dirazem na kvalitni a stabilni zapaZeni ¢elby, ze-
jména v horni ¢asti a zajiSténi proti destrukci pfi pfivalu ztekucenych
materialQl zdvalu. V pribéhu provadéni praci a zmahani zévalu byl
zajiStén kontinudlni geotechnicky monitoring prilehlého poruseného
a zeslabeného mezikomorového pilife, ktery mél byt jednostranné
odleh¢en v dusledku odtéZeni zavalu v mocnosti az 2,5 m. Na odluc-
nych trhlindch mezikomorového pilife byly osazeny strunové dilato-
metry s online pfenosem na webovou aplikaci. V souCasné dobé€ je
spojovaci koridor mezi komplexy SDDI a II zajistén dilni ocelovou
vyztuZi s ocelovymi paZinami union a slouZi k prohlidkdm navazu-
jicich dalnich dél

The original profile of the shaft is irregular and decreases in depth.
It is excavated in weathered and altered granite. Frames are fitted
at irregular intervals in suitable bedding locations. Support was not
used in the first half of the shaft, except for the shaft mouth (Fig. 11).
The shaft mouth is in a funnel-shaped area, and it is fully braced
with wood lagging to a depth. 3.0m and supported with reinforced
concrete. It is anchored to the rock with bolts in three rows. In the
second half of the shaft depth, there is already a passage into the
chambers in the north and northeast direction, which were 2/3 filled
with collapsed material and in places sinkholes communicated
with the surface. The shaft widened to 4 to 5m at the chamber, and
remedying the collapse during excavation represented a technical
and time-consuming problem. Excavation took place in steps of 0.8
to 1.0m with the help of spiles driven manually or with pneumatic
hammers at a spacing of 10 to 15cm due to the sandy-boulder
nature of the collapsed material.

The spiles were supported across the entire width of the chamber
by straight steel channel ribs K21, embedded in the sides of the
shaft into carved-out pockets equipped with bolts and concrete
mortar. The wall of the shaft at the collapse site was additionally
braced with wooden lagging behind the newly installed wooden
frames. Subsequently, the shaft collapsed sites in the direction of
the connecting corridors were excavated and the shaft could be
used for restoration to the original profile, in the direction of the
SDDIII complex in a length of 40m and in the direction of the
SDDII complex in a length of 20m. Currently, the shaft is used
for natural ventilation of the individual complexes, transport of
material, mucking from the underground and, in season, for the
ascent of underground visitors from the so-called adrenaline
educational tour.

CONNECTING CORRIDORS BETWEEN MINE COMPLEXES

Exploration work in the underground discovered the necessary
links between the mine complexes without the need to excavate new
connections in the historic mine and thereby devalue the national
cultural monument. The old mine complex SDDI was discovered in
1982, SDDII in summer 2014 and SDDIII in autumn 2014 (Fig. 1).
They are separated by collapses or by a combination of collapses
and are formed by unstable or impassable exploratory galleries
of economical profiles created during the search for mineralized
deposits. The SDDI complex was newly remediated mainly by
adding masonry to existing broken or weakened chamber pillars
of critical parameters and by construction of new supporting stone
pillars made of rock blocks. Monitoring of the chambers walls and
their pillars was used during mucking of the collapsed material and
floated sediments in the chambers. At the same time, the flooding
of the lower parts of the mine by surface water seeping through
the collapses and communicating with the surface was solved. The
SDDI complex has been accessible to mine visitors through a new
tunnel and shaft since 2013.

The SDDII complex was discovered while excavating one of the
exploratory galleries. It leads from the chamber, in which a wooden
pipe for pumping mine water was subsequently discovered, and
deeper on the wall, a geodetic mark of 1629 (date of work progress
in the mine). The unsatisfactory profile of the exploratory gallery of
0.7m?, height 1.2m and width 0.6m led to a project task to find and
build a new suitable connection. There was only one solution, and
that was to reclaim the old sinkhole of the so-called Velka Pinka. On
the surface, it manifests itself as a funnel-shaped depression with
plan dimensions of 22.0 x 15.0m and a depth of 5.0m. A suitable
place to remediate the collapse was selected in the peripheral part
of the chamber with at least one solid rock wall, against which
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O propojovacim koridoru SDDII-III byla jiZ zminka pfi obnové
t€zni Sachty. Po vyzmahani a zajisténi tii zavall v trase a obnoveni
profilli isporné vyraZenych chodeb je dnes zakomponovan do na-
vstévnické adrenalinové trasy, kterd prochazi nedotéenymi historic-
kymi ddlnimi dily z 15.—16. stoleti a zpfistuptiuje komplex SDDIII
objeveny v roce 2014 a zpfistupnény v roce 2023.

OBNOVENIi ODVODNOVACIHO KORIDORU
A ODVODNOVACICH STOL

Jednim ze soucasnych cili projektu na dole Jeronym je zajiSté-
ni kontrolovaného odtoku dtlnich vod ze zatépéjicich se Casti dolu
a obnova druhé, nové objevené, odvodiiovaci Stoly Barbora. V pr-
vém piipad€ se jednd o komory a chodby zatapéjici se v disledku
prusakt povrchovych srdzkovych vod zavaly do podzemi. Vyrazena
dila ve sklonu loziska zde vytvéfi pfirozeny drenazni systém s aku-
mulaci vod v nejnizsich ¢astech dolu bez zajisténého gravitacniho
odtoku. Kromé prizkumu podzemi a nepropustnych zavald, s hleda-
nim pfirozené cesty odtoku, je navrZena a schvélena varianta malo-
profilového upadniho odvodiiovaciho vrtu mezi komorou komplexu
SDDI a komorou komplexu SDDII v délce cca 40 m (obr. 5). Ta
je prusaky skrze zévaly napojena na stavajici funk¢ni odvodiovaci
Stolu vyusténou do mistni vodotece. K ndvrhu feSeni tak naro¢né-
ho tkolu ve slozitych podminkach dolu bylo vyuzito laserového 3D
scanovani zajmovych prostor, které poslouZzi i pro nasledné vytyceni
a nasmérovani vrtnych praci.

V druhém pfipadé se jedna o obnovu zcela nepristupné a neznamé
odvodiiovaci Stoly Barbora, postizené na trase velkym mnozstvim

Obr. 12 Stav odvodiiovaci Stoly Barbora pred obnovou
Fig. 12 The state of the Barbora drainage gallery before remediation
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the steel ribs K21 forming a trapezoidal profile could be braced or
embedded into. With the help of steel-sheet forepoling pre-installed
by hammering ahead of excavation face, it was possible to separate
the cave-in from the current excavation of a corridor of the 3.6m?
profile. The excavation round length and the ribs spacing was set
at 0.8m and the excavation face was horizontally divided and each
opening was fully supported by wooden lagging. The collapse
remediation took place at a depth of approx. 30m.

Although works were planned for June, a period with suitable
climatic conditions, on Friday, after the rains and workers leaving
the workplace, the clayey-sandy material from the collapse in the
overburden liquefied and overflowed through the face support with
avolume of 12m? into the already reclaimed section. The experience
gained in this way was incorporated into the technological process
of remediation, with an emphasis on high-quality excavation
face stabilization, especially at the roof, and protection against
failure in the event of an inflow of liquefied collapse materials.
During the execution of the works and the collapse remediation,
continuous geotechnical monitoring of the adjacent broken and
weakened chamber pillar was ensured, which was supposed to be
unilaterally unloaded due to the removal of the caved-in material
up to a height of 2.5m. String dilatometers were installed onto the
separation cracks of the chamber pillar with online transmission
to the web application. Currently, the connecting corridor between
the SDDI and II complexes is supported by mine steel ribs with
steel-sheet lagging and is used for inspections of the adjacent mine
spaces.

The SDDII-III connecting corridor was already mentioned
during the remediation of the mining shaft. After excavating and
remedying three cave-ins in the route and restoring the profiles
of the excavated corridors, today it is included in the visitor’s
adrenaline route, which passes through untouched historical
mining parts from the 15" and 16™ centuries, and makes available
the SDDIII complex, which was discovered in 2014 and made
accessible in 2023.

RESTORATION OF THE DRAINAGE CORRIDOR AND DRAINAGE
GALLERIES

One of the current goals of the Jeronym mine project is to ensure
the controlled drainage of mine waters from the flooded parts
of the mine and the restoration of the second, newly discovered
Barbora drainage gallery. In the first case, these are the chambers
and corridors that get flooded as a result of seepage of surface
rainwater, which seeps into the underground through cave-ins.
Excavations in a slope of the ore deposit form a natural drainage
system with accumulation of water in the lowest parts of the
mine without possibility of gravity drainage. In addition to the
exploration of the underground and impermeable sinkholes, with
the search for a natural drainage path, a variant of a small-profile
drainage borehole between the chamber of the SDDI complex and
the chamber of the SDDII complex with a length of about 40m is
designed and approved (Fig. 5). This is connected through seeping
sinkholes to the existing functional drainage gallery that discharges
into the local watercourse. Laser 3D scanning of areas of interest
was used to propose a solution for such a demanding task in the
complex conditions of the mine, which will also be used for the
subsequent layout and directing of drilling work.

In the second case, it concerns the remediation of the completely
inaccessible and unknown Barbora drainage gallery, affected by
a big number of large or small cave-ins along the route (Fig. 12).
The gallery is excavated in the overlying gneiss and its length is
expected to be approx. 450m. In previous years, its entrance was
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vé&tSich & mengich zaval (obr. 12). Stola je vyraZena v nadloZnich
rulach a jeji délka se predpoklada cca 450 m. V predchozich letech
bylo provedeno zajisténi jejiho usti, zajistén gravitaéni odtok vyté-
kajicich dilnich vod pred Stolou osazenim odvodiovaciho potrubi
DN 250 v délce 60 m, uloZeného v hloubce 2,5 az 5,0 m, a obnove-
na tvodni ¢4st Stoly v délce 40 m. V soucasné dobé probihaji prace
na zajisSténi vyrubu uvodni Casti Stoly ve vytipovanych kritickych
usecich, pfiprava na vyzmahani navazujiciho zavalu a zaji§tovaci
prace v misté¢ nové vybudované Sachtice v propadu Stoly s 10 m
mocnym nadlozim dot¢enym antropogenni ¢innosti.
ZAVER

Dul Jeronym je historickou ukazkou hornické prace naSich pred-
ki z obdobi 15.—17. stoleti nedotéené novodobou téZbou. Jedna se
o unikétni a jedine¢ny komplex dilnich dél dokumentujicich zpQ-
sob dobyvani (obr. 2 az 4), prizkumu a fizeni t€Zby v 16. stoleti,
znamé predevs§im ze souhrnného dila Georgia Agricoly vydaného
v roce 1556. Dil je otevien klasickymi stfedovékymi Sachticemi
s obdélnikovym profilem, s pokratovanim dklonnymi a horizon-
talnimi chodbicemi a komorami s mnoha drobngjsimi dulnimi
dily raznych funkci a vyznamu az do nejnizsiho téZebniho hori-
zontu napojeného na odvodiiovaci Stolu v délce pies 400 m. Pro
vysoky stupent zachovédni plivodni hornické price a jedinecnost
uchovani historického dolu jako celku predstavuje dal Jeronym
unikatni montanni pamatku reprezentujici evropskou hornickou
kulturu stfedovéku. Pristup k zachrané a zajiSténi historického
dolu je témito skutecnostmi vyznamné ovlivnén a zvolené po-
stupy v maximdlni moZné mire akceptuji postupy 16. stoleti. Ve
vyjimeénych ptipadech jsou voleny moderni metody zajiSténi
a materialy, jejichZ nasazeni je nezbytné pro zdchranu konkrétniho
dila, splnéni ucelu v redlnych podminkéach a zajiSténi bezpecnosti
provadeéni.

V kvétnu roku 2023 byl vetejnosti zpfistupnén komplex SDDII
a ve formé adrenalinové trasy i komplex SDDIII. Podzemi histo-
rického dolu je rovnéZ vyuzivano Hasi¢skym zdchrannym sborem
Karlovarského kraje pro cviceni zachrannych zasahd ve Spatné pii-
stupném prostoru. SlouZi jako podzemni vyzkumné pracovisté pro
vysoké Skoly a védecké instituce, véetné Narodniho pamatkového
ustavu v Lokti, ktery zde provadi archeologicky vyzkum a prizkum
montdnniho charakteru. Pro banské zachranare je to vhodna cvi¢na
lokalita osvojovani bafiskych zachrannych postupti a zasaht v auten-
tickém hornickém prostredi.

Na lokalité¢ budou nadale pokracovat zajiStovaci prace charakte-
ru obnovy odvodiniovaci $toly, zajisténi gravitacniho odtoku ddlnich
vod, véetné zajisténi vybranych kritickych ¢asti dolu.
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Martin.Sefrna@geotechnika.cz, SG Geotechnika a.s.
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remediated, and the mine waters gravity draining by installing
a DN250 drainage pipe in a length of 60m, laid at a depth of 2.5
to 5.0m, and the front part of the gallery with a length of 40m has
been restored. Work is currently underway to stabilize excavated
walls of the entrance part of the gallery in selected critical
sections, and to prepare for coping with adjacent collapse and for
remediating work at the site of the newly built shaft in the gallery
cave-in under a 10m thick overburden affected by anthropogenic
activity.

CONCLUSION

The Jeronym Mine is a historical example of the mining work
of our ancestors from the 15"-17" centuries untouched by modern
mining methods. It is a unique mine complex documenting the
method of mining (Fig. 2 to 4), exploration and management of
mining in the 16th century, known mainly from the comprehensive
work of Georgia Agricola published in 1556. The mine is opened
by classic medieval shafts with a rectangular profile, and includes
inclined and horizontal corridors and chambers with many smaller
mine parts of various functions and significance up to the lowest
mining horizon connected to a drainage gallery over 400m long.
The Jeronym mine represents a unique monument representing the
European mining culture of the Middle Ages thanks to the high
degree of preservation and the preservation uniqueness of the
historic mine. The approach to safeguarding and remediation of
the historic mine is significantly influenced by these facts, and the
chosen procedures use the procedures of the 16™ century as much
as possible. In exceptional cases, modern support methods and
materials are chosen, whose utilization is necessary for preservation
of specific parts, and for ensuring the safety of remediation in real
conditions.

In May 2023, the SDDII complex and, in the form of an
adrenaline route, also the SDDIII complex were made available
to the public. The underground of the historic mine is also used
by the Fire and Rescue Service of the Karlovy Vary region for
practicing rescue interventions in hard-to-reach areas. It serves
as an underground research facility for universities and scientific
institutions, including the National Monument Institute in Loket,
which conducts archaeological research and mining exploration.
For mine rescuers, it is a suitable training location for mastering
mine rescue procedures and interventions in an authentic mining
environment.

At the locality, remediating work for the restoration of the
drainage gallery, ensuring the gravity drainage of mine waters,
including the stability of selected critical parts of the mine, will
continue.
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