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1. NAME AND SURNAME

Maciej Madziarz

2. DIPLOMAS AND SCIENTIFIC DEGREES (WITH PLACE AND YEAR OBTAINED)

Master of Science, mining:

— Wroctaw University of Technology

— Faculty of Mining

— speciality:Technology of underground exploitation of deposits
— obtained on2 July 1992

- thesis titledMechanical loading of explosives on the exampletioé Polkowice mine
(thesis supervisor: Henryk Sztuk, PhD, Eng)

PhD IN TECHNICAL SCIENCES:

— Wroctaw University of Technology
— Faculty of Mining
— obtained on: 22 September 1998

— dissertation titledThe influence of the design and technology of pearfeed fabric
connections of conveyor belts on their strendthesis supervisor Prof. Monika Hardygora)

3. INFORMATION ON EMPLOYMENT IN SCIENTIFIC INSTITUT IONS

primary workplace:

Wroctaw University of Technology, Faculty of Geoereering, Mining and Geology
ul. Wybrzeze Wyspiaskiego 27, 50-370 Wroctaw

employment history:
1.10.1998 - 28.02.2016

and from 1.10.2016 until now, employed as a leatur

additional workplace

KGHM Cuprum Sp. z 0.0 Centrum Badawczo-RozwojjResearch and Development Centre]
ul. Generata Wtadystawa Sikorskiego 2-8, 53-659 tAaw,

employment history:

from 1.05.2010 until now, employed as a lecturer
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4. THE COURSE AND CHARACTERISTICS OF PREVIOUS SCIENTIFIC WORK

After graduating from the Wroctaw University of Tewmlogy Faculty of Mining with a degree of
Master of Science in mining, with speciality inunderground exploitation
of deposits(1992) | started working in th@olkowice copper ore mine in Polkowice (presently
Polkowice - Sieroszowiaaine), a division of KGHM Polska MiedS.A. Polish Copper SAwhere
| worked until September 1994, acquiring broad ficat professional experience. After completion
of examinations at the Regional Mining Office in &law | was certified for lower-level mine
traffic supervision (overman) and then for mediwewdl mine traffic supervision (shift foreman). My
professional practice in the mine began in the mgrpreparatory division, after which | worked in
the exploration division. Later, in accordance witly predispositions and professional interests,
| was employed in the Rock Formation Mechanics iBecas a shift foreman, involved in rock
formation mechanics. Work in the mining industrg, particular managing teams of people in
dangerous conditions and practical familiarizatisith issues related to underground mining of
mineral deposits such as maintaining the stabditynining excavations carried out at extreme
depths and the presence of dynamic manifestatibmec& formation pressure, provided me with
invaluable professional experience which | now gpplmy research and teaching work.

Seeking possibilities for further intellectual gmebfessional development, | applied for admission
to PhD studies at the Wroctaw University of Teclogyl Faculty of Mining. After qualification
| pursued doctoral studies (1994-1998), under bD, Eng. Monika Hardygora, in the Department
of Machine Systems of the Wroctaw University of fieclogy Institute of Mining. During these
studies | dealt with issues of mining transportpessally conveyor and vertical transport.
Additionally, | began teaching classes for studefthe Wroctaw University of Technology Faculty
of Mining. In 1998, | defended my doctoral disstam titled "The influence of the design and
technology of performed fabric connections of cgorebelts on their strength”, receiving the degree
of Doctor in Technical Sciences, awarded by therCiwf the Wroctaw University of Technology
Faculty of Mining.

On 1.10.1998 | was appointed by a resolution of @meincil of the Faculty of Mining to the
position of lecturer, which | continue to hold aegent. | work in the Mining Department of the
Wroctaw University of Technology Faculty of Geoemggring, Mining and Geology. | conduct
scientific research, teaching and popularizatiomkw(oreating social awareness of the fundamental
importance of exploitation of mineral resourcestfog development of civilization, technology and
culture).

Since 2010, | have also been employed at the KGHipr@n Sp. z 0.0 Research and
Development Centre in Wroctaw, where | applied tbgults of my many years scientific, research
and inventory work to implement the innovative patjof examination, conservation and utilization
of a complex, of post-mining objects and areas ighicant historical value, carried out using
interdisciplinary research methods, titlddeclamation of areas degraded by mining activities
Mirsk commune, with creation of a tourist and instional path “In the footsteps of the old ore
mines".

My scientific activity comprises two basic discipdis:

l. Issues related to historical relics of mining egloitation in the scope of:
— prospecting methodology, identification, recogmtand documentation of historical mining
posts, including unknown, inaccessible or partlyacgessible historical underground
excavations,
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methodology of measures necessary for protectidigoidation of the relics of old mining
works due to the risks associated with them,

methodology of measures necessary for protecti@vjtatization and preservation
of the relics of ancient mining - as a materialitage of the history of industry and
technology with significant historical value and maonental character, and as a source of
knowledge about the development of mining technglog

methodology of adaptation of facilities and postimg sites for the purpose of continued
economic exploitation, mainly in industrial tourisnd geotourism.

My works concerning the issues of underground ngingi mineral deposits are presented
in 7.1 of the Author's Abstract.

. Issues related to technology of underground eXpitation of mineral deposits in the scope of:

casings of underground mining excavations, in paldr "in situ” test methodology and
anchor casing post tests,

monitoring of the interaction between anchor casingd rock formations, especially at the
occurrence of dynamic manifestations of rock fororapressure,

use of non-invasive methods to diagnose rock faonaurrounded by underground mine
excavations, mainly use of the GPR method (geoyadar

development of underground ore deposits miningesyst

My works concerning underground mining of minera@pdsits are presented in 7.2 of the Author's
Abstract.
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5. INDICATION OF ACHIEVEMENTS RESULTING FROM § 16(2 ) OF THE ACT ON
ACADEMIC DEGREES AND SCIENTIFIC TITLES AND ON DEGRE ES AND TITLES
IN ART OF 14 MARCH 2003 (OJ L No. 65, item 595, wih amendments)

My most important achievement is, executed in 2PQ03, on my initiative and under my
supervision, an author'snnovative project of examination, conservation andutilization of
a complex of post-mining objects and areas of sigigant historical value, carried out using
interdisciplinary research methods, titled: Reclamation of areas degraded by mining activitias
Mirsk commune, with creation of a tourist and instctional path “In the footsteps of the old ore
mines".

This project combined interdisciplinary researchrkvim various fields and scientific disciplines
with efforts to implement the results, includingsgalized design works and execution of protection,
reclamation and adaptation works in objects/bugdirand in post-mining areas of significant
historical and environmental value.

Elaboration and implementation of the project witie direct consequence of my many years of
research devoted to the material heritage of tiudes-long history of mining in Lower Silesia,
in particular a cycle of publications devoted tce tBubject, along with other comprehensive
publication and organization activities includimng tfollowing primary activities:

1. organization of a conference series titlderitage and history of mining and the use of the
remains of old mining worksof which | was the initiator and leading orgamiginere were
10 editions of the conference held from 2005 to4301

2. publication of a series of monographs by multipléhars titledThe history of mining - an
element of European cultural heritageof which | was the initiator and co-editor (5 uoies
have been published in this series to tate

6. DESCRIPTION OF ACHIEVEMENTS AND RELATED SCIENTIF 1C OUTPUT

The project was characterized by its interdisciplirary nature, combining a number of areas
and disciplines (in accordance with tRegulation of the Minister of Science and Higheu&ation,
dated 8 August 2011, careas of knowledge, fields of science and art, sridntific and artistic
disciplines:

I. The area of technical sciences,
- in the field of technical sciences, in the follag disciplines:
- mining and engineering geology,
- environmental engineering.
[I. The area of natural sciences,
- in the field of biological sciences, in the fallimg disciplines:
- environmental protection,

11n 2014 it was transformed into the scientific journal Hereditas Minariorum, No. ISSN 2391-9450 (Mining Heritage).
| am the deputy editor-in-chief to Dr. P.P. Zagozdzon. It is currently the only scientific journal devoted exclusively to
issues of the heritage and history of the mining industry in Poland.
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- ecology.
- in the field of earth sciences, in the followidigciplines:
- geology and geography.
lll. The area of agricultural, forestry and veterinary sciences
- in the field of agricultural sciences, in theléoVing disciplines:
- environmental protection and shaping,
- in the field of forest sciences, in the followidgsciplines:
- forestry.
IV. The area of humanistic sciences
- in the field of humanistic sciences, in the fallng disciplines:
- archeology,
- history.
V. The area of social sciences,
- in the field of legal sciences, the disciplinda:
- law.

The project was of an innovative nature. Its progree assumptions included such values which,
apart from its most important scientific effecthgtdevelopment of knowledge in many areas,
disciplines and fields) qualify it as a pro-envinoent and pro-social project.

The project represented the first comprehensivamgdt in Lower Silesia to apply the results of
interdisciplinary research in order to identify,cdanent, protect and utilize a large complex of old
mining works relics for recreational and educatloparposes, located on a large area of over
38 hectares (encompassing terrain in the threagel of Krobica, Gierczyn and Przecznica) rather
than a selected, single post-mining object.

After performance of the necessary scientific aeslearch work, followed by protective and
reclamation works based on the science and reseametiucted, a number of old excavations
connected with the most important historical minargd metallurgical fields were adapted for the
needs of tourist traffic. They had been subjedhtense degradation destruction since the late , 1950
when mining exploration ceased and the old excawatbecame a place for illegal dumping of
waste.

The project included two basic areas of activity:

. interdisciplinary scientific and research work
[I. implementation works, including:
- design works,
- execution of protective, reclamation and adaptatworks on post-mining areas and
objects/buildings.

These implementation works were closely assochatddthe results of interdisciplinary scientific
research work, primarily concerning the planningpodtective, reclamation and adaptation works.
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It was necessary to solve a number of specificrieelh formal and legal issues related to works
planned in historical objects/buildings of unclésgal status, under strict environmental regulafion

| took active part in the full scope of interdisciginary scientific and research works and
implementation of the project | cooperated with representatives of variousdfiehnd disciplines.
In conducting the implementation of project (asfa@gnder and main author) | was responsible for
carrying out specific tasks, both in the area eérgtfic research and during implementation. | was
also responsible for administrative and investnaivities - mining, construction and reclamation
works.

My role as a mining engineer in possession of gpstialist technical knowledge about mining,
and also that of a researcher of the historic agreent of extraction technologies, allowing me to
act as leader of interdisciplinary research andgdeworks (actively participating and conducting
them) was crucial in the success of the project.

Project management was a very important and vaustientific and professional experience for
me. It created an opportunity for practical usehef products of my many years of research on the
heritage of the mining industry and technology, dod implementation of the concept of
comprehensive recognition, documentation, protacéind use of the educational and recreational
potential in the remains of historical works. Thenftontation of theoretical considerations
concerning the methodology of dealing with old mairelics and the conditions and specific
problems of design and construction of such wankgractice highlighted the significant differences
between theory and practice.

Ad. I. interdisciplinary scientific and research wak included:

1. Analysis of the historical value of post-mining etis (based on available archival materials
- including source materials, publications and musecollections) and elaboration of
educational materials concerning past mining of amd cobalt ores in the vicinity of
Gierczyn (including the content of informationalaods for the tourist-educational path).

2. Archaeological examination of relics from histoticaines using advanced search methods
for unknown underground excavations and the demdomological method of artefact
dating.

3. Analysis of basic elements of the environment togetvith analysis of the expected impact
of the planned works.

4. Analysis of the state of transformation and enviental risks, taking into account the types
of deposited waste and contamination of soil angkmwa

5. Analysis of geological and hydrogeological condigo

6. Analysis of possibilities and existing conditionsr fadaptation of selected historical
excavations for the purposes of an undergroundsionaute, including:

— analysis and assessment of the stability of exzav&a{geomechanical analysis),

2Due to the primary subject of the project, i.e. post-mining objects and areas, where works were essentially completed
by 1945, and which, because of the incorporation of Lower Silesia into Poland only at the end of World War Il are not,
according to the law, liquidated or under liquidation mining facilities; the formal and legal aspects of the task proved to
be extremely complex, ambiguous and extremely difficult to formalize.

7
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— analysis of technical possibilities and conditidmsventilation of excavations planned for
tourist usage,

— analysis of the technical possibilities to drainneniwater from excavations of the
underground tourist route to surface water courgggh particular emphasis on
environmental impact).

7. Analysis of formal and legal determinants for periong protective, reclamation and
adaptation works in objects/buildings and post-ngrareas.

Ad. Il. Implementation works included:

1. Elaboration of a comprehensive plan for reclamatibpost-mining objects and areas.

2. Elaboration of a multi-branch design for adaptatioin selected historical underground
excavations for the needs of tourist traffic (irthg reconstruction, protection and casing,
ventilation, drainage, lighting, monitoring and anjgation of planned tourist traffic).

3. Elaboration of a multi-branch architectural andlding design of the surface infrastructure
of an underground tourist route.

4. Elaboration of the design of the tourist-instrugtib path n the footsteps of the old ore
mines'; including a selection of historical mining objgdhtended for visiting, setting the
route based on results of historical analysis, agological and mining studies and
environmental analysis (with a particular focus a@mmplex formal, legal and proprietary
iIssues concerning ownership of objects and posirgiareas).

5. Protection, reclamation and adaptation of selegbedt-mining objects for the needs
of tourist traffic.

Due to the high environmental value of the propeeta, the technical specificities of post-mining
objects, and to ensure real environmental protectmmoth during and after the planned works),
preventive measures including continual chiroptegimf and archaeologicalsupervision were
implemented.

Implementation of an innovative project of examimit conservation and utilization of
a _complex of post-mining objects and areas of &mamt historical value, carried out using
interdisciplinary research methods, brought mamebts, among which the most important are:

1. Development and implementation of a comprehensiethodology of examination,
conservation and modern utilization of mining heege objects of significant historical value;

2. Implementation of the results of my long-terngstematic scientific and research works
concerning old mining sites in Lower Silesia,

3 Concerning habitats of bats.

4 Activities related to recognition, documentation and further proceedings with former mining sites localized on the
area of a project, especially protective or liquidation works, could not be carried out without cooperation with
a professional archaeologist. The use of archaeological research methods (in conjunction with supervision over
fieldworks) protected the monumental value of historic remains of old mining works and enabled obtaining much
valuable information on the objects (e.g. dating, especially in the absence of background information about the relics).
This was of key importance for designing (and subsequent execution) of protection, revitalization and adaptation works,
which could lead to a loss (total or partial) of the historic mining heritage of industry and technology covered by the
project as a result of excessive interference in its original state.
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3. Development of knowledge concerning technicabies of identification, conservation and
active protection of mining heritage objects;

4. Development of knowledge concerning technicalués of adaptation of the historical
underground excavations to modern economic utibmat primarily in industrial tourism and
geotourism;

5. Development of knowledge concerning the histofyore exploration, exploitation and
metallurgy;

6. Development of knowledge concerning the impathe past mining works and ore metallurgy
on the natural environment;

7. Development of knowledge concerning the inflieen€ the relics of the old mining works —
mostly the remains of underground excavations thensurroundings, and types and scale of
hazards related to not liquidated or improperlyidtpted objects of this kind;

8. Development of knowledge concerning the geokldgistructure and hydrogeological
conditions in the project area;

9. Detailed identification and active protectionaohumber of old-times ore mining sites of great
historical value from the 16th—19th centuries;

10. Significant progress in the new, emerging nesediscipline -mining archeology

Along with these tasks, the implementation of th tprimary tasks of the project, i.e. the
removal of waste from objects and post-mining aré@bwed by the necessary protective,
reclamation and land development works, resultea significant improvement of the environment
in the areas of old mining works located in Mirs&nmonune, where intense exploration and
exploitation works had been periodically carriedt amyver a period of centuries. In an area
encompassing the three villages of Krobica, GiencBrzecznica (and a small part of Kotlina), we
undertook technical and biological reclamation afltiple sites/objects and post-mining areas (in
full or in part) in accordance with tHerestry and tourisnpurposes set out in the decision of the
Lwowek County Commissioneo. G.6018a-1/2107/09 of 9 November 2009.

Reclamation was carried out in order to signifibamtnprove the environment and to obtain
a new value in a form of tourist route, which ajgerforms an educational role. Environmental
balance was restored, which had previously beemrtumg improperly conducted mining works,
improper liquidation of post-mining objects (ane tlack of thereof) and subsequent contamination
of cavities and pits with waste. As a result of teelamation, soils degraded during previous mining
or processing works were technically and envirortiadgnrestored (mainly geotechnically) over an
extensive area of 38.86 ha.

The ultimate utilitarian effect of the project, omath significant educational and recreational
importance, is the tourism and educational paththe footsteps of the old ore mindt allows
visitors to become acquainted with the history andtherous remains of former mineral extraction
sites in one of Poland and Europe’s most impott&storical centres of mining and metallurgy.

The biggest attraction of the proposed path is ubtegly the underground tourist route of
St. John Minen Krobica, leading along excavations preservedlmost their original state dating
back to a period from the 16th throughi"®nturies.

The projectReclamation of areas degraded by mining activiiedMirsk commune with the
creation of a tourist and educational path “In theotsteps of the old ore minew/as co-funded by
the European Union unddétegional Operational Programme for Lower Silesiaiwddeship for
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years 2007 - 2013Priority 4 - Environment and Ecological Safetctivity 4.5 - Reclamation of
degraded areasThe total value of project including additionahtling was nearly 3 700 000 PLN,

including funding from Regional Operational Programme for Voivodeshgmounting to
2 594 585 PLN.

A detailed description of the projeReclamation of areas degraded by mining activiiteMlirsk
commune with the creation of a tourist and educetigath “In the footsteps of the old ore mines”
and related scientific achievements are includefigpendix 3a to this application for post-doctoral
diploma proceedings, title@ynthetic characteristics of a completed, origipadject achievement.

10
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7. OTHER SCIENTIFIC ACHIEVEMENTS
7.1. Scientific research concerning historic miningxploitation relics

The purposeof my many years of work and research on histbradacs of mining exploitation is
to elaborate an appropriate methodology for deality the legacy of industry and technology
associated with the extraction of mineral resoyrtesdevelop knowledge about the evolution of
mining technology based on interdisciplinary stadagé former mining sites, and to make use the
products of this work by undertaking comprehensnaasures to protect mining heritage and make
use of it in contemporary activity.

The subject of my studiesare the numerous relicts of prospecting and ettracactivities
preserved in our country, particularly in Lower €Sia, which contains a rich and outstanding
industrial and technological heritage unique tcaRdland Europe.

This area of my research can be defined@sied mining archaeologyincluding primarily the
technical aspects of dealing with the heritage h& mining industry and technology. The term
mining archaeology(GermanBergbauarchaologiewas used for the first time in the 2nd half of th
19th century by the mining engineer (not archaastay historian) Theodor Haupt. In the works of
this mining specialist, who in the course of hiadgrofessional practice in Tuscany and Sardinia
often dealt with traces of former mining activitye emphasized the role and importance of such
objects in learning the history and culture of owrilization.

In order to achieve these objectives | undertodeaech work on the heritage of the mining
industry and technology (independently and on mw omitiative) at the Wroctaw University of
Technology Institute of Mining, which | continue tbe present day (currently at the Faculty of
Geoengineering, Mining and Geology). I have achdeve implementation
of the results of my work by the elaboration anglementation of an innovative, comprehensive
project concerning one of the historical miningsiin Lower Silesia.

Lower Silesia may be viewed as one of the mostesteng, yet still insufficiently recognized,
historical regions with a rich heritage of histatienining and metallurgical works in Poland and
Europ€. Research on the mining heritage of Lower Silesias joined relatively early by
archaeologists; however, their interests were feediprimarily on studies of medieval gold mining.
Much less recognized are the remains of historsataction of other non-ferrous metal ores in
Lower Silesia (silver and lead, copper, tin, cobalnganese, etc.). The catalogue of historical
mining sites prepared by Dr. T. Stolarczyk (a &dest archaeologist with whom 1 closely
cooperate) comprises 146 archaeological sites thaion of non-ferrous metal ores in Lower

> Historians dealing with the issues of mining treat Lower Silesia as a special mining district of Central Europe. Its
formation was mainly influenced by existing gold deposits - both as secondary and primary deposits - and numerous,
easily accessible polymetallic deposits, which clearly distinguished the described region from mining districts in the area
of Upper Silesia and distant German, Czech or Hungarian centres. The prospecting and exploration works conducted in
Lower Silesia over many centuries left numerous, easily located transformations of the land surface and significant
areas of old mining works. These are primarily relicts of old works (surface and underground), spoil banks, metallurgical
slags or waste left after enrichment of ores, remains of hydraulic engineering devices - intrinsically connected with
former mining techniques - and even the preserved fragments of surface infrastructure of mines. Their state of
preservation largely depends on the location. The least disturbed and easy to recognize are objects located some
distance from buildings, roads and other contemporary infrastructure. The sites of former ore mining in the Sudety
mountains and at their foothills were usually located on steep slopes of hills, in relatively inaccessible places and after
the completion of exploration and exploitation their residues were not liquidated and reclaimed. It is the reason for the
threats resulting from post-mining facilities, but at the same time it facilitates scientific and inventory research in places
of historical exploitation. After appropriate protective and adaptation activities the remains of former works can be
successfully used today, primarily as attractive tourist objects.

11
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Silesia, dating back to the XIlI-XVII centuriésThese are primarily gold mining sites (approx60
of their total number). Other groups are sitesteeldo the extraction of copper ore (32 sitesyesil
and lead ores (31 sites). Another 9 sites aresrelithe extraction of tin and cobalt.

Methods of dealing with the heritage of the minindustry and its technology comprise searches
(source and field) of the remains of old mining ksyridentification, detailed recognition, and -eaft
an assessment of the historical value and stgbeestrvation of individual objects - their proteati
or liquidation. In selected cases such objectsrewgalized and adapted for tourist usage, such as
underground tourist routes, which are the subjéatlot of interest presently.

As a result of mining and archaeological workscamnection with analysis of preserved source
materials, valuable information is obtained on tlevelopment of methods of searching for and
extracting mineral deposits. The relics of histarimine excavations and surface infrastructure of
old mines identified and then examined by intengigtary research teams are invaluable sources of
information about centuries-old methods of excarand preparation of deposits for exploitation,
drainage and ventilation of mines, rock mining noeih and systems of extraction, casings of
underground excavations, transport equipment astk)s, sources of driving energy for machines
and mining devices, as well as methods of mineptscessing and metallurgical processes
(scrubbers of ore and metallurgical sites were &hlyrlocated in the immediate vicinity of metal ore
extraction sites).

An interesting aspect of the issues related toohcstl heritage of mining exploration is the
present-day usage of properly protected and adagtedvations and technical infrastructure of
former mines as industrial tourism and geotourigtraetions, mainly consisting of underground
routes. This is connected with the rapid develogneémew branches of tourisnpost-industrial
tourismandgeotourismpoth in Poland (particularly Lower Silesia) andgarope.

The current state of knowledge about old miningssih Lower Silesia seems to be insufficient.
Further research work should aim to strengtherrdigeiplinary scientific cooperatidrin order to

6 Stolarczyk T. Gornictwo rud metali niezelaznych na Dolnym Slgsku od X!l do poczgtku XVII wieku [Mining of non-
ferrous metal ores in Lower Silesia from Xlll to early XVII century]. University of Wroctaw. Wroctaw, 2009, unpublished.

7 Interest in the relics of former mining activities between people associated with the mining industry has been present
for centuries. The history of research of non-ferrous metal ores mining in Lower Silesia has a very long tradition.
Already in the documents and descriptions from the sixteenth century there was information about the remains of
earlier works, which were made by miners of that time. The first professional and methodical archaeological research at
sites related to past mining was carried out in the 1960s in Germany and Czech Republic (continued in the 70s, 80s and
90s), when German archaeologists implemented long-term interdisciplinary programs in this field. The initiator of
archaeological research on sites related to former gold mining in Lower Silesia was J. Kazmierczyk from the Department
of Archaeology, University of Wroctaw. The research was also participated in by Dr. R. Grodzicki, at that time an
employee of Institute of Geology, University of Wroctaw, which gave it its interdisciplinary nature. Already the first
excavations (1973, 1974) showed how serious the challenges and problems faced by archaeologists are as researchers
at former mining sites. The complete lack or very small amount of historic material and its nature seriously hinder
determination of the chronology of discovered objects. At that time the sites of extraction and rinsing of secondary gold
deposits were discovered in Lower Silesia in the area of Ztotoryja, Legnickie Pole, Wadroze Wielkie, Lwéwek Slaski,
Jelenia Goéra, Gtuchotazy and Lubawka. A wide range of research, especially from the 1970s, gave us relatively rich
material associated with this part of Lower Silesia mining. The 1970s saw activity by historians working in the field of
mining. The most active was D. Molenda, whose works give very valuable comments on the application of
archaeological methods in the study of historical mining, shown using the example of the site in Altenberg, in southern
Westphalia. Archaeological research on the problem of mining in Lower Silesia entered a new stage in the early 1980s.
Expansion of knowledge about the sites associated with medieval and contemporary mining in Lower Silesia was
contributed to by the Polish programme “Archaeological Photo”. A significant contribution to the development of
research on medieval and contemporary mining of non-ferrous metal ores was made by research conducted in the
years 2008 - 2009 by archaeologist Dr. T. Stolarczyk (which | was also involved in). The works included the main centres

12
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create a comprehensive research programme for d@hg noenturies of mining heritage, its protection
and preservation.

Work carried out before obtaining the title of PbETechnical Sciences

| began scientific and research work concerningesf the heritage of the mining industry and
technology in of Lower Silesia on my own initiativeduring doctoral studies
at the Wroctaw University of Technology FacultyMining (alongside basic scientific and research
activity in the area of mining transport issues eved by my doctoral dissertation).
| started collaborating with thénstitute of History of Architecture, Art and Techhogy at the
Wroctaw University of Technology Faculty of Arcbitee For the Foundation of tHepen Museum
of Technology in Wroctaw elaborated (in cooperation with MSc. Eng. E. drba number of
abstract cards for industry and technology monuménin former metal ore mines in the northern
part of the Sowie Mountains and a chromite minethi@ massif ofSlgza Mountain. Therefore
| became acquainted with the methodology of docuimgrobjects of industrial and technological
heritage. We have prepared the following abstrads

— Liber E., Madziarz M.Kopalnia rud otowiu i srebra. Bystrzyca Goérna. Karewidencyjna
zabytkéw architektury i budownictwa (Lead and silgee mine. Bystrzyca Kiodzka. Record
card of architecture and construction monument$)e Office of Studies and Documentation
of Monuments. Wroctaw, 1994, unpublished;

— Liber E., Madziarz M.Kopalnia rud otowiu i srebra. Ztoty Las/Lubachowarka ewidencyjna
zabytkéw architektury i budownictwhead and silver ore mine. Ztoty Las/Lubachéw. Recor
card of architecture and construction monument$)e Office of Studies and Documentation
of Monuments. Wroctaw 1994, unpublished;

— Liber E., Madziarz M.Kopalnia rud otowiu i srebra. Bystrzyca Goérna — @dnidna. Karta
ewidencyjna zabytkéw architektury i budownict@ieead and silver ore mineBystrzyca
Gorna-Goéra Widna. Record card of architecture amtbttuction monuments). The Office of
Studies and Documentation of Monuments. Wroctawb188published;

— Liber E., Madziarz M.Teren robo6t poszukiwawczych rud srebra i otowiudiszadéw. Karta
ewidencyjna zabytkow architektury i budownicii#a area of prospecting works for lead and
silver ores. Modliszow. Record card of architectaral construction monument3he Office
of Studies and Documentation of Monuments. Wroct@85, unpublished;

— Liber E., Madziarz M.:Kopalnia chromitu. Géra CzernicaKarta ewidencyjna zabytkow
architektury i budownictwa (Chromite mine. Gora @uea. Record card of architecture and
construction monumentsyhe Office of Studies and Documentation of MonataeWroctaw.
Wroctaw 1995, unpublished.

Cooperation with thé&oundation of the Open Museum of Technoldgmonstrated the absolute
necessity of joint efforts in documenting objectsl gpost-mining areas with the participation of
historians, archaeologists and a specialist mieimgjneer. This is due to the unique nature of nginin
heritage objects of industry and technofyggquiring an interdisciplinary approach to suarky

of historical exploitation of gold, silver and lead ores, copper, and tin (Stolarczyk T.: Gornictwo rud metali niezelaznych
na Dolnym Slgsku od Xilldo poczqtku XVII wieku [Mining of non-ferrous metal ores in Lower Silesia from 13th to early
17th century]. University of Wroctaw, Wroctaw, 2009, unpublished).

& The correct interpretation of the relics of former mining activity is extremely complex. The complete lack or very small
amount of historic material and its nature seriously hinder determination of the chronology of discovered objects.
Researchers of old mining works face serious challenges and problems, among which the most important are the
transformations of the areas associated with historical mining activities.
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| was the initiator and co-author of the first stic study in the history of the Wroctaw
University of Technology Institute of Mining on trstate of preservation of the remains of old
mining objects by Liber-Madziarz E. and Madziarz, Mtled Historia gornictwa kruszcowego
w Gorach Sowich wraz z dokumentaggchowanych obiektohe history of ore mining in the
Sowie Mountains and documentation of preservedcts)jéreports of the Institute of Mountains.
Wroctaw University of Technology. 1996, Series. SRR 79, unpublished) The results of this
work were then published in materials from miningnferenceUczniowie Agricoli (Students
of Agricola) Liber-Madziarz E., Madziarz MPozostatéci dawnych kopal rud srebra i otowiu
w potnocnej czsci Gor Sowich(The remains of old mines of silver and lead oraghé@northern part
of the Sowie MountaingKowary, 1999).

Apart from the subject of old mining relicts, dugimy doctoral studies | was also interested in
introducing issues related to traditions in the imgnindustry to the instructional programme at the
Faculty of Mining, particularly in light of the nafjve image of this activity presented at that tinye
the media in Poland. The products of this intenesdtuded participation in the scientific conference
Problemy humanizacji techniki w programach naucaapolskich wyszych uczelni technicznych
(The problems of humanization of technology in teariprogrammes at Polish higher technical
universitie3 in Duszniki (1997), where | gave a lecture radate the centuries-long history of ore
mining in Lower Silesia, Liber-Makowska E., MadzaiM. Historia i tradycja gérnicza
w ksztatceniu ifynieréw gornikow na Wydziale Gorniczym Politechmkioctawskiej(History and
mining tradition in the training of engineers andners at the Wroctaw University of Technology
Faculty of Mining).

Work carried out after receiving the degree of RtiDechnical Sciences

After starting work as a lecturer at the DepartmehtUnderground Mining at the Wroctaw
University of Technology Institute of Mining, | conued work on issues related to old mining relics.
| placed special emphasis - due to the signifidastorical value, rich source of materials and
numerous, well-preserved relicts of old mining andtallurgical works - on research devoted to
historical ore mining and metallurgical areas imieo Silesia:

— sites of historical tin and cobalt ore mining ie ticinity of Gierczyn and Przecznica, Izerskie
Mountains, neaSwieradow Zdroj (16th-19th century),

— sites of historical lead and silver ore mining re northern part of Sowie Mountains, in the
vicinity of Bystrzyca Gorna, Dzénorowice, Modliszéw and Witoszow, neswidnica (16th
— 19th century),

— sites of historical exploitation and metallurgy adpper and arsenic ores in the vicinity of
Miedzianka and Ciechanowice, near Jelenia Gorae-adldest area of copper mining and
metallurgy in Poland, where the documented histadrynining goes back over 700 years
(14th-20th century),

— sites of historical exploitation of copper and aisein the vicinity of Radzimowice, near
Jelenia Gora (13th — 20th century),

— sites of historical exploitation of copper and aisein the vicinity of Czarnéw, near
Kamienna Gora (18th — 20th century),

- chromite mine in 3padty, massif oSleza Mountain (19th-20th century),

9 Based on the results of this pioneering research (inventory works in the area of the Sowie Mountains), at the end of
the 1990s there was an attempt to provide the preserved underground workings of a small historic lead and silver ore
mine for tourist traffic in the area of Walimska Pass, Sowie Mountains.
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— iron ore mineCarl Friedrich Gustavin Stanistawow (XIX century).

| addressed broader issues of numerous presenjedtolof mining heritage with significant
historical value, but which also constituting a meuof serious threats while exhibiting potential
tourist value for Lower Silesia, for the first time 2004 in the publication Madziarz MRelikty
dawnych robét gorniczych na Dolnystysku jakozrodio wiedzy o rozwoju techniki eksploatacjizzto
(Relicts of old mining in Lower Silesia as a souofeknowledge about the development of ore
exploitation technology Scientific Papers of the Institute of Mining, Vetaw University of
Technology, 2004.

In order to undertake interdisciplinary scientifiesearch involving studies and protection of
mining heritage in Lower Silesia, | initiated cditaration with theFaculty of Historical and
Pedagogical Sciences and the Institute of Archagplas well as thdnstitute of History at the
University of Wroctawleading (on my own initiative) to the conclusiohan agreement concerning
the joint conducting of scientific research work@mer mining sites in south-western Poland.

| started scientific collaboration with thduseum of Coppein Legnica, working together with
specialist archaeologist Dr. T. Stolarczyk on stifierresearch concerning the history of mining and
metallurgy of copper in the Sudety Mountains aredrtfoothills.

| undertook international scientific cooperationttwiGerman researchers dealing with the issues
of identification, protection and preservation betheritage of industrial mining and technology.
As a result of this cooperation, | organized thefeence Dziedzictwo i historia gornictwa oraz
wykorzystanie pozostald dawnych robét gérniczyc{The heritage and history of mining and the
utilization of the remains of old mining work®), which | was the initiator and chief organizer,
together with 11 sessions of the confereAltbergbau — Kolloquiunat the Wroctaw University of
Technology in 2011. | was involved in the sciestiiommittee ofAltbergbau - Kolloquiumthe
largest international conference on issues relade@mains of old mining works, which is among
my most important scientific achievements and wigabvides recognition for my work in the field
of identification, protection and preservation ahmg heritage in the international arena.

In searching for methods of proper location anchiifieation of inaccessible or unknown historic
underground excavations, | focussed my interestsiodern geophysical exploration methods: the
electro-resistance method, the gravimetric method the georadar method (GPR - Ground
Penetration Radar) - for seeking and locating iessible or unknown historic underground
excavations. Using the GPR method | conducted tésiseries of post-mining areas and facilities

Particular attention should be paid to studies gidile GPR method for the needs of the
interdisciplinary project titledBadania stanowisk dawnego gérnictwa i hutnictwadnigTests of
the sites of former mining and metallurgy of copperhich was implemented by thduseum of
Copperin Legnica (financed by thMinistry of Culture and National Heritagein collaboration
with the Academy of Mining and Metallurgy in Krakow, Inst&wf Archaeology at the University of
Wroctaw and Institute of Mining at the Wroctaw University of cheology They were focused on
three regions of historical copper ore mining imeo Silesia:

10 As a result of my efforts the Institute of Mining at the Wroctaw University of Technology purchased a modern
georadar set together with advanced processing software. Due to the simplicity of measurement the GPR method
appears particularly useful in the study of objects and post-mining areas, although the interpretation of the obtained
results is in many cases extremely difficult and time consuming. Working with representatives of the humanities
(archaeologists and historians) | also participated in research on other historical buildings - mainly basements of
churches, where, using the GPR method, | located many unknown and inaccessible rooms (crypts). Using the GPR
method | also led a study to search for other underground facilities, including historical objects of a military nature.
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I. the vicinity of Leszczyna, Kondratow, Nowy K@ot, Biegoszéw and Chetmiec,
Il. Jerzykéw (Kaczawskie Mountains foothills),
[ll.vicinity of Miedzianka.

The main objective of the studies was the docuntientaand inventory of historic mining and
metallurgy sites, including the location of histali excavations (shafts and tunnels), as well as
places of processing and smelting of copper ordiSnscrubbers). Beside typical archaeological
documentation work, for selected sites of greatgmificance we also executed measurement plans
using ground penetrating radar and a gradiometersé tests were designed to identify the structure
of sites and the presence of archaeological obyeithsn them before the start of excavations. Their
results are presented, among others, in the elaoraladziarz M. Opracowanie planow
pomiarowych wybranych stanowisk archeologicznychwykorzystaniem georadaru (GPR)
(Elaboration of measurement plans for selected agolagical sites with the use of ground
penetrating radar (GPR)Report of the Institute of Mountains, Wroctaw Ugiisity of Technology.
2012, SPR Series No. 26, unpublished. The restilissts | conducted using the GPR method were
interesting, confirming the presence of youngeetayof cultural relics from ancient mining and
metallurgical operations. The project was an extensf previous research work, and also served as
a preliminary stage for undertaking excavation goskthin the described former mining regions.

In the years 2006 - 2010, in cooperation with ltisitute of Archaeology, University of Wroctaw
| initiated and led mining and archaeological wodts the sites of former mines in the massif of
Widna Mountain, near Bystrzyca Gorna in the Sowiguktaind®. This work was performed as part
of a research project of the Institute of Mining,rattaw University of Technology, titled:
Inwentaryzacja reliktbw dawnych rob6t gorniczych mabszarze DolnegoSlgska wraz
z dokumentagj wybranych obiektéinventory of old mining relics in Lower Silesiagether with
documentation of selected objects] which | am the initiator, manager and leaddre objective of
the work was to locate and then conduct historeséarch on excavations of ancient lead and silver
ore mine&%. The mining and archaeological works were basetherresults of an archival quéty
| performed. The test results yielded a significextension of knowledge about the history of the

11 The group of excavations of old mines in the vicinity of Bystrzyca is vast, has great historical value and requires
further research and inventory, being an example of the development of mining works over the last 500 years; also, the
state of preservation of historical excavations was not affected as a result of exploration works for uranium ores, as was
the case in many similar centres of historical mining of metal ores in Lower Silesia. At a distance of approx. 500 m from
the buildings of the village, in the area formerly called Goldener Wald (Golden Forest), specifically in the area known as
Silber Wiese (Silver Meadow) the following mines operated sequentially: Segen Gottes, Christinengliick, Victor Friedrich,
Wilhelmine, Beathe and possibly Berthe. It can be assumed that this is where the mining works were led by the oldest
Bystrzyca mine trade unions of St. Stefens Achter and Geistliche Hiilf Gottes (16th century). Although the documented
data concerning mining works in the vicinity of Bystrzyca Gérma concern the period from the year 1539, the shape and
dimensions

of the cross-section of excavation made accessible again during the described archaeological and mining works show
that it is impossible to exclude a much earlier date for their beginnings. As is clear from the preserved documents,
during the execution of excavations in the sixteenth century the "old works" were found, which confirms that their
origin might be much earlier.

12 After mapping and execution of photographic documentation, the historical excavations were protected and
backfilled again.

131t showed that the tested area with quartz-barite veins of polymetallic mineralization (mainly in the form of lead and
silver minerals) was a site of (periodically) intensive prospecting and exploration works in the 16th — 19th centuries.
Their development was a subject of interest of the director of the State Mining Authority (OBB) in Wroctaw Frederick
von Reden (2nd half of the 18th century).
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development of mining in Lower Silesia and presdmamains. | published the results of the tests in
the following papers:

— Madziarz M.: Untersuchungen an der ehemaligen Relikten Erzalriodeq in Bystrzyca
Gorna (Ober Weistritz, Eulengebirge, Polen). Altbergbau-Kolloquium 05. bis 07.
November 2009, Leoben.

- Madziarz M.: Rozw0j prac badawczo-inwentaryzacyjnych dawnegamigidva kruszcow
w Bystrzycy Goérnej (Gory Sowif)evelopment of research and inventory works omar
mining of ores in Bystrzyca Goérna (Sowie MountdinBhe history of mining - an element of
European cultural heritage. Vol 2 / edited by Paliefagadzon and M. Madziarz. Wroctaw,
20009.

- Madziarz M.: Tereny dawnych robo6t goérniczych w Bystrzycy Gorndpdliszowie
i Dzie‘morowicach wswietle danych archiwalnych i badawspotczesnych (The areas of
former mining works in Bystrzyca Goérna, Modliszénd aDziemorowice in the light of
archival data and contemporary research¥he history of mining - an element
of European cultural heritage. Vol.1 / edited bywBaP. Zagadzon and M. Madziarz.
Wroctaw, 2008.

The results of the scientific research works ledh® concept for an educational tourist path
presenting the attractions of the Bystrzyca rivalley, in which a special role is played by the
remains of old mining works with a group of wellegerved underground excavations from the
period from the 16th to beginning of the 18th cepntin the vicinity of Bystrzyca Gorna. | presented
perspectives for use of the mining heritage sumom Bystrzyca Gorna in the publication Battek
M., J., Madziarz M.:Utworzenie Szlaku Doliny Bystrzycy sposobem popzdaji unikalnych
zabytkow regionu Turystyka kulturowa wswietle bada interdyscyplinarnych(Creation of the
Bystrzyca Valley Trail as a way to popularize tméque monuments of the region. Cultural tourism
in the light of interdisciplinary researchgdited by J. Szczepankiewicz-Battek and Mbidwska.
Legnica, 2010. Moreover, based on the resultssd#arech and inventory work in the northern part of
the Sowie Mountains, at KGHM CUPRUM Sp. z 0.0 CBR @laborated the idea of an educational-
tourist pathSladami srebra Gor SowicfFollowing silver in the Sowie Mountains)

Currently my interests are mainly focussed on tiséohcal basin of mining and metallurgy of
copper and arsenic ores in the vicinity of Miedkemand Ciechanowice (Rudawy Janowickie) and
the vicinity of Leszczyny (near Jawor), where, lie imiddle of the 19 century, theCiche Szazscie
(Quiet Happinesshnine initiated exploitation of the deposits of pepores of sedimentary origin.

| have previously indicated the richness of the a®® of old mining works in the above-
mentioned areas, in such publications as Madziarz MCuprifodina in montibus” o historii
i pozostatéciach dawnych robot gorniczych w rejonie  Miedzianki miasta zrodzonego
I unicestwionego przez gornictwo” (“Cuprifodina montibus”: about the history and the remains of
ancient mining works in the area of Miedziankae tity born of and annihilated by mining)he
history of mining - an element of European cultiratitage. Vol. 3, 2008, edited by P.P. Zatjon
and M. Madziarz, and“Cuprifodina in monitibus” bis zur Uranerzgrube-Rkde alter
Bergbauarbeiten in der Umgebung von MiedziafKapferberg) und Ciechanowice (Rudelstadt).
10. Altbergbau-Kolloquium, 2010, Freiberg.

Conceptual work concerning protection and usagglircation and tourism of the relics of former
mining works preserved in these areas has already performed, and the results are incorporated
in an elaboration titletkoncepcja zagospodarowania wybranych obiektow paigdych na terenie
Zagkbia Miedziowego, Etap (The concept of usage of selected post-mining tshjeadhe Copper
Industrial Area, Stage )IKGHM Cuprum Sp. z 0.0. CBR, 2010, unpublished.
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| am the author of an elaboration titl&tlieloaspektowa analiza problematyki zabezpieczenia
i adaptacji wybranych obiektéw pogérniczych Dolnetgska dla celéw geoturystyki oraz turystyki
przemystowefMultiaspectual analysis of protection and adapiatissues of selected mining objects
in Lower Silesia for geotourism and industrial tmimmXGHM Cuprum Sp. z o.0. CBR, 2013,
unpublisheét.

Currently 1 am involved in mining and archaeologjioesearch at the site of the historic mine
Ciche Szazscie (Quiet Happinessh Leszczyna (19 century}®. | have previously presented issues
surrounding the need to protect the remains of ifiise and its tourist use in the publication by
Kobylaaska M., Madziarz MMozliwosci utworzenia podziemnej trasy turystycznej “Kopal@iche
Szcescie” w Leszczyniew swietle aspektow technicznych i ekonomicznych takigyestyciji (The
possibilities to establish a tourist route at Quidappiness Mine in Leszczyna in the light of
technical and economic aspects of such an invesinidre history of mining - an element of
European cultural heritage, Vol. 4, edited by Z&gyazdzon and M. Madziarz, 2009.

| initiated and am presently engaged in interdigegpy research work concerning recognition,
assessment of the state of preservation, proteahdradaptability for tourist purposes of one @f th
most important tourist attractions, thielenahereditary historical drainage tunnel in LowereSia,
in Ciechanowice (1'8century).

At the request of theéower Silesia Conservator of MonumeimisWroctaw, | supervise mining
and archaeological research carried out at a gobupcently discovered historical excavations in
Ztoty Stok, whose origins may be related to theestchistorical period of local mining activities
(probably the 18 century).

7.2. Scientific and research work concerning undergund mineral deposits mining
techniques

After starting my work as a lecturer at thepartment of Underground Mining of the Institufe o
Mining, Wroctaw University of Technology choose to pursue further scientific development
During doctoral studies | was associated with Erepartment of Mining Transpqrivhere | dealt
with issues of conveyor transport (my dissertationcerned this topic).

Because of the nature of my education in the sfig@Underground mining of deposigd my
professional experience in the mining industry tipalarly in the Department of Rock Formation
Mechanics and Casingsf the Polkowice mine, | decided to associate myhr scientific work
with the issues of stability and casings of undaugd mining excavations, based on the site for
laboratory tests of mining anchors in thestitute of Mining at the Wroctaw University of
Technolog$f. The scientific and research work | undertook eoning site tests of mining anchors

14 The concepts of utilization of historical mining sites in geotourism and industrial tourism was developed, on my
initiative and with my significant participation, in KGHM Cuprum Sp. z 0.0 CBR for objects and post-mining areas located
in the area of Miedzianka and Ciechanowice and around Jawor (Stanistawdw, Leszczyna, Prusice).

15 The works are financed with support from Fundacja Polska Miedz (Polish Copper Foundation).

16 The history of research concerning anchor casings led at the Institute of Mining, Wroctaw University of Technology,
dates back to the 1970s. As a result of those works, a universal device was designed and manufactured for laboratory
tests on mining anchors (protected by patent No. 125869). The device was designed to enable simulation of the work of
the anchor with various constructions built into rocks with different properties, in conditions of impact of static and
impact loads.
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were of a fully independent character. As a restiliny modification¥' the site received a modern
hydraulic and control arrangemé&nffully automatic measurement cycle). | presentesl results of
the aforementioned works in such publications asdNé&az M. Badania kotwi gorniczych
w Laboratorium Instytutu Gornictwa Politechniki VWtawskiej (Tests of mining anchors in the
Laboratory of the Institute of Mining at the WroetdJniversity of Technologygcientific Papers of
the Institute of Mining at the Wroctaw University Bechnology. Mining and Geology VI. Wroctaw,
2002.

For the purposes of modelling of dynamic Idadi® post-tests) of mining anchors, in consultation
with experts in the field of force hydraulics, hbbrated an initial concept for a measurement éevic
generating this kind of impact on anchors usingy eambdern hydraulic equipment - pumps, hydraulic
accumulators and digitally controlled servo-valvdewever, due to the very high estimated costs of
the prototype of such an innovative device (andahicipated technical problems with its design,
execution and start-up), its implementation prowmegossible in the existing conditicfhs

In order to test the work of the anchor casing unble influence of dynamic manifestations of
rock formation pressure under actual mine condstiorengaged in cooperation with thepartment
of Mining, KGHM Cuprum Sp. z 0.0 CBR | conducted tests to identify and evaluate theaiah of
dynamic phenomena caused by shocks of rock formato anchors of basic casing in conditions of
underground mining excavations at KGHM Polska Mi8dA. mine$?.

To enable the measurement and recording of thegelsan anchor load directly during the strike
of a seismic wave at the location of its casingeVeloped a concept of a measuring system for
continual monitoring cooperation between anchois ek formations, allowing for measurement
and recording of rapidly variable loads of casingased by vibration of roof rocks (in real mining
conditions¥®. This was an innovative solution in relation tcsitdtion measurements with the
previously used so-called instrumented anchors.

After conducting laboratory tests, the describedasneement system was applied in
a selected field of th@olkowice - Sieroszowicmine characterized by high seismic activity. The

17 The test site located in the Laboratory of Casing of Institute of Mining, which | took over, was in very bad technical
condition. After the necessary repairs and start-up, | found that the applied hydraulic system does not allow tests of
anchors on this post in accordance with the requirements of standard PN-G-15092 Mining anchors. Tests.

18 Characteristics of changes in the load of anchors was determined by computer.

1% The cycle of pilot tests for expansion and joint anchors | carried on the modernized device showed significant
deformations of the superstructure of the post, occurring even at low strength of the loads on anchors (several dozen
kN). Despite the equipment of the post with its mechanical system theoretically allowing for simulation of dynamic
loads on anchors, the insufficient stiffness of the superstructure of the post combined with excessive complexity and
imperfection of the percussion device (hammer and arrangement of levers) undermined the reliability of the results of
such measurements.

20 Currently, at KGHM Cuprum Sp. z 0.0 CBR | manage a team elaborating an innovative testing method for the work of
anchors under the impact of dynamic manifestations of rock formation pressure, based on the previously developed
concept of the testing post.

21 Including for the preparation of initial design assumptions for an innovative testing post.

22 The impetus for starting these works were reservations concerning the effectiveness of the protection
of ceilings using expansion anchors in conditions of dynamic manifestations of rock formation pressure.

2 Conducting long-term measurements of a continuous nature was possible thanks to the use of modern measuring
equipment combined with specialized, dedicated software. The elaborated device allowed for continuous
measurement and recording of the size and changes in loads on measurement anchors (instrumented), over many
months from their building in. According to the assumptions, high sampling frequency (several hundred Hz) allowed
capturing the dynamic changes of the anchor load with very fast timing, immediately after the casing was reached by
the seismic wave.
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executed measurements were experimental, butrdwitts confirmed that it is possible to carry out
continuou$® static and dynamic measurements of the changésadfon anchors in real mining
conditions. This represented a significant advanteresearch methodology in the field of
cooperation between anchors and rock formationspmalitions of occurrence of seismic phenomena
(in situ), and significantly increased the possipito determine the resistance of the currentlgdus
anchor casings to dynamic loads.

Using the methodology | developed, long-term tesdtdhe impact of seismic phenomena on
changes in loads of basic casing anchors in unok@ngr mining excavations were conducted in the
Polkowice - Sieroszowicand Rudnamines in the years 2004 - 2011. The results aeegmted in
a number of unpublished studies by KGHM Cuprum $poz CBR which | co-authored or guided,
including Madziarz M. et alBadania wptywu drga skat stropowych wywotanych wstsami
sejsmicznymi na zmiany obg#i zerdzi kotew spoiwowych (Tests of the influenceoof rock
vibrations caused by seismic loads on changes adisloof joining anchors)Stage Ill. 2011,
unpublished.

As part of the following projects:

Innovative Technologies for Deep Mine of Futurengsintelligent Management Tool$2Mine”,
carried out between 01.11.2011 and 31.03.2016ndec by the European Commission, under the
Seventh Framework Programme, and the Polish MyngdtScience and Higher Education (in which

| acted as an assignment manager of an inter-comigam in the KGHM CUPRUM Sp. z o.0.
CBR), developing an innovative method — of my atghgp — of testing rock bolts interaction with
rock mass under the influence of dynamic rock npasssure manifestations,

and

The development of conception and general techswlations of an innovative test station designed
to model the influence of dynamic rock mass pressuanifestations on the roof bolting of
underground mining excavatiorKGHM CUPRUM Sp. z 0.0. CBR. 2014.

| have developed, in collaboration with a team wnug leadership, an innovative, prototypic
laboratory station, designed to model the influenicdynamic rock mass pressure manifestations on
the roof bolting of underground mining excavatiéns.

24 For the first time, using specially developed measurement system, tests of anchor load changes and vibration
characteristics of the roof rock were conducted continuously (not by visits as done previously) over several months,
enabling measurement and recording of the impact of dynamic phenomena on anchors in real time. Apart from
continuous measurements and recording of the changes of anchor loads, the essential significance for the assessment
of their interaction with rock formations was the simultaneous monitoring of location, size and roof rock stratification
changes (because you cannot interpret the results of anchor load changes without comprehensive knowledge in this
field). Obtaining the additional necessary information was possible by periodic endoscopic tests (peep-hole testing) of
the ceiling combined with the use of electronic stratification meters characterized by continuity and high accuracy of
measurements.

% The issue of influence of vibrations caused by mining tremors on the rock bolting of underground mining excavations
is one of the key research and engineering problems in the field of underground mining. Occurrence of high energy or
high frequency seismic phenomena affects strength parameters of roof bolting, which can eventually lead to its damage
and loss of excavation stability. Taking into account all the factors affecting roof bolting performance severely hinders
the correct projection of interaction between rock bolts and rock mass, both in laboratory conditions and numerical
modelling. So far, the dynamic tests of individual rock bolts, or less often more complex rock bolt systems, have been
carried out with pulse load — caused by a falling few-tonnes weight or an explosion supposed to simulate a so-called
seismic impact.
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The device developed within the scope of the saitkus markedly superior to other devices used
so far, as it offers greater flexibility in simulat of virtually any fast-changing load. It enables
testing of expanding, adhesive, and yielding rooksbin set, diverse kinematic extortion regimes
(static and dynamic). This is indicative of the aureness of the station structure and potential
possibilities of its future uses in innovative aexiceptionally valuable tests of roof bolting. As
demonstrated by the performed tests, the struetodeperformance of the prototypical station fulfils
the design assumptions and requirements specifi¢iei proposed test method. Effective use of the
station prototype in the projects that have beenezhout so far in the cooperation with the mining
industry (inter alia Madziarz et al.The development of a method for continuous mongooif the
changes in the roof bolting load..And Madziarz et al.: The development of a method for
evaluation of roof bolting condition.)proves that the preparation, execution and raidiz of rock
bolt tests with use of the aforementioned deviqauiposeful.

Resulted in an invention, of which | am a co-authatent rights for this solution are granted to
the KGHM CUPRUM Sp. z 0.0. CBR. A decision was mamapply for a patent on the invention in
the Patent Office of the Republic of Poland. T #md, | have produced material for documentation
of the invention and | cooperate with a patentrattg preparing the documentation for the purpose
of applying in the Patent Office of the RepublicRiland for a patent on the invention call&test
station for evaluation of rock bolts under dynaruad conditions".Further proceedings aimed at
obtaining patent protection of the solution in diges come within the competence of the KGHM
CUPRUM Sp. z. 0.0. CBR.

As part of the project:

The development of a method for continuous mongoof the changes in the roof bolting load in
order to evaluate the cave-in hazard in exploimtexcavationsStage | — IV. KGHM CUPRUM
Sp. z 0.0. CBR. 2013 - 2016.

| have developed, in collaboration with a team undg leadership, a prototypical measurement
system for continuous monitoring of load changesoick bolts within basic roof boltingf, using
innovative, prototypical, autonomous measuring cevibuilt into roof bolting assembly and a
related wireless reader — programmer (enablingl@gseprogramming and control of monitoring
devices installed in underground conditions, asl vesl transfer and storage of the recorded
measurement data). The prototypic monitoring devimenstructed according to the specified
assumptions and solutions, fulfilled strict reqments and proved to be serviceable and usable for
continuous monitoring of the load of rock bolts hiit basic roof bolting in underground mine
excavations under the conditions of copper minesGOM area and other mines utilizing roof
bolting. The performed tests confirmed full andiaiglle operation of the developed system for
continuous monitoring of rock bolts load conditiand its resistance to mechanical damage (within
specified impact load limits) and difficult miningonditions. It is expected that the developed
method for continuous monitoring of rock bolts vintlbasic roof bolting will be implemented in the
underground mine excavations of KGHM Polska Mi&dA.

26 The issue of control of the rock bolts load condition encounters considerable technical difficulties. It is necessary to
use specialistic measuring devices for controlling the interaction of rock bolts with the rock mass. The method for
testing the load of the roof bolting, having currently a wide range of application, is the use of resistive strain gauges,
which allow to measure load and strain distribution in specially designed and installed for the test purposes
instrumented rock bolts. A simple solution, enabling direct monitoring of stress in rock bolts with mechanical anchoring
or indirect monitoring of other types of rock bolts (e.g. adhesive) is an autonomous device mounted in the roof bolting
assembly. Such device, enclosed in a housing resistant to mechanical damage and unfavorable underground conditions
(moisture, dustiness), can be mounted on typical rock bolts of basic roof bolting.
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Resulted in an invention, of which | am a co-auti#arcording to the agreement, patent rights for
this solution are granted to the KGHM Polska Mi&IA. | have prepared and handed over to the
entitled to the patent right — the materials foplgimg in the Patent Office of the Republic of Rada
for a patent on the invention calletBystem for continuous monitoring of the roof hadfiload
changes".Further proceedings aimed at obtaining patent ptiote of the solution in question
depend on the decision of the Ordering Party amdame within the competence of the KGHM
Polska Mied S.A.

As part of the project:

The development of method for evaluating the cmmddf roof bolting subjected to long-term use.
Stage I-Illl. KGHM CUPRUM Sp. z 0.0. CBR. 2014-2016.

| have developed, in collaboration with a team wunohy leadership, a device for non-invasive
diagnostics of roof bolting” A prototype measuring system, comprising two eajeint and closely
related to each other layers — hardware and saffweeis developed. The software layer covers not
only the constructed hardware, but also extendemlysis and storage of data on a personal
computer. Advanced data analysis methods have lseth Laboratory tests and measurements in
real underground conditions have confirmed the tmpacapplicability of the proposed rock bolts
diagnostic method. It is expected that the devalapethod for continuous monitoring of rock bolts
within basic roof bolting will be implemented inethunderground mine excavations of KGHM
Polska Mied S.A.

Resulted in an invention, of which | am a co-autifarcording to the agreement, patent rights for
this solution are granted to the KGHM Polska Mi&lA. | have prepared and handed over to the
entitled to the patent right — the materials foplgimg in the Patent Office of the Republic of Rada
for a patent on the invention callédNon-invasive method for evaluation of roof boltiegndition
based on a specialized measuring deviéairther proceedings aimed at obtaining patent ptiote
of the solution in question depend on the decisibrihe Ordering Party and remain within the
competence of the KGHM Polska Mie8.A.

Apart from work devoted to issues of anchor casihgs research on the use of the GPR method
in mining, geology and archaeology. In particulagm interested in the use of this non-invasive
method to diagnose rock formations in the immediatmity of underground mines, in conditions of
LGOM copper ore mines. One of the most importasues related to the safe execution of
underground mining works is to identify the rocknf@tions surrounding the excavation. The basic
method for such diagnosis is to perform core tedtind), which is a costly, technically and
organizationally difficult process, and in additjoonly provides information about selected sites
(where test drillings are located). The principdVantage of the GPR method is the possibility of
non-invasive recognition of the layered compositidmock formations (GPR tests do not cause any
damages in the tested plaCe)

27 The issue of control of the rock bolts load condition, especially those installed in long-term excavations, encounters
considerable technical difficulties. The long-term impact of various factors (e.g. corrosion) can adversely influence the
protection of underground mine excavations provided by such support. Mechanical damage to the rock bolts may also
occur, due to their overload or shear. It is necessary to develop special control and measuring devices, which enable
diagnostic of the condition of the installed rock bolts. The evaluation methods used to date are impractical and full of
numerous imperfections, and given the current state of the art, it is possible to develop a mobile device enabling non-
invasive diagnostics of the underground mine excavations roof bolting in the aspect of correctness of interaction of rock
bolts with rock mass and occurrence of possible damages.

2 |n mining geophysics georadar can be useful for determination of fault zones, location of tectonic discontinuities,
voids and other anomalies of the geological structure. The use of the GPR method in underground mines can contribute
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The results of my work concerning application oé t6PR method in conditions of LGOM
underground copper mines, including tests | guided,in publications titledDcena przydatni
metody GPR (georadarowej) w badaniach gorotworu woczeniu wyrobisk podziemnych
(Evaluation of the usefulness of the GPR (georadaihod in studies of rock formation surrounded
by underground excavationskGHM CUPRUM Sp z o0.0. CBR, 2013 (unpublished) and
Przeprowadzenie badagoérotworu z bezpoednim otoczeniu wyrobisk podziemnych megtGdPR
(georadarowg) (Conducting tests of rock formation in the imnagelivicinity of underground
excavations using the GPR methd®Bports of the Institute of Mining, Wroctaw Univiys of
Technology, 2011, SPR series, no. 44).

Analysis of the importance of the GPR method in Wark Ocena przydatn@i metody GPR
(Evaluation of the usefulness of the GPR methib@) state of the art concerning its usage inmgini
industry, and the results of pilot tests confirntledt usage of GPR tests for testing rock formations
in the environment of underground works is benafieind justified. | demonstrated the possible
applications of GPR measurements in mining withpacgl focus on the usage of this modern
measurement method in KGHM Polska MiedlA. mines.

In addition to technical issues concerning undargdoexploitation of mineral deposits, | actively
participated in the years 2006 - 2009 in the wdrkhe Committee on Mineral Resources of the
Ministry of the Environment. | had the opportunityfamiliarize myself in detail with issues related
to assessment of geological designs and documemtand elaborations concerning mineral
resources economy, in particular:

— substantive and formal assessment of the preparatidesigns of geological works,

— substantive and formal assessment of the preparafigeological documentation of mineral

deposits,

— substantive and formal assessment of the preparatioriteria for mineral deposits balance,

— assessment of determination of industrial resoualdng into account their optimal usage and

protection of the resources of liquidated mines,
— assessment of the substantive scope of geologimdswo be carried out to the orders of the
Minister of the Environment

— evaluation of designs, documentation and otheroggcdl studies and others ordered by the
Minister of the Environment concerning mineral defx

— analysis of the methods of the execution of gechlgiworks related to testing
of deposits, giving opinions related to design aedformance of geological works and
documentation of mineral deposits,

— initiation of studies related to the methodology désign of geological works and

documentation of mineral deposits and issues camggtheir publication.

to improvement of work safety due to expansion of the methods for preventing the burst threat. GPR tests carried out
in underground excavations may supplement the results of geological exploration of subsurface rock construction in
their environment. Any exposed section of the rock surface available in the excavation can be subject to georadar
profiling. The recognition concerns not only the immediate surroundings of exploratory openings, but also the spaces
between them. It will also be possible to use GPR equipment to identify specific geological formations within the mine
workings. The possibilities for expansion of the GPR device with antennas of different types, with different operating
parameters, widen the range of possible applications of the GPR method in underground mines, e.g. with screening of
the pillars, recognition of deposit compositions.
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8. SUMMARY OF SCIENTIFIC AND ENGINEERING ACTIVITIES

| conduct extensive scientific, research and ergging activity, including interdisciplinary work
on the mining heritage of industry and technologg ssues concerning underground exploitation of
mineral deposits. In both these areas | have aamniie scientific output.

| cooperate with scientists representing many $ietd science, especially in the field of
humanistic sciences in such disciplines as arcbggohnd history, and in the field of natural and
biological sciences, environmental protection acolagy, as well as in the field of earth sciences i
such disciplines as geology and geography.

Both of the primary directions of my research warnkgonnection with interdisciplinary scientific
cooperation, were focussed on the preparation amglementation of original project titled
Rekultywacja obszarow zdegradowanych dziakaiso gorniczz na terenie Gminy Mirsk,

z utworzeniengciezki turystycznej Sladami dawnego gérnictwa kruszco\{Reclamation of areas
degraded by mining activities on the area of Miceknmune with the creation of tourist and didactic
path “In the footsteps of the old ore mineslt)is based on my years of scientific and redeaftorts
concerning the heritage of the mining industry seahnology, publications and propagation of their
results, and comprehensive organizational acts/ifiecluding the cycle of conferencBgziedzictwo

I historia gornictwa oraz wykorzystanie pozostatodawnych robét gorniczyc{The heritage and
history of mining and the usage of the remainsldfroining works)and the edition of a series of
multi-author monographBzieje gornictwa — element europejskiego dziedaidtwitury (The history

of mining — an element of European cultural hergag

The effect of the implementation of the project wagnificant progress in both humanistic
sciences, especially in the field of knowledge aliba history and heritage of former mining which
is best described by terrmfning archaeology; and in the area of technical knowledge, in tragsc
of recognition, protection and adaptation of higt@rmine excavations of significant historical wal
for tourism purposes (including the issues of ggsmal surveys, geomechanics, mine ventilation
and drainage, and specific types of threats relateghost-mining objects when making them
available to the public). The utilitarian effectk tbe project must also be considered, combining
research work with implementation of its resulteeTproject'Reclamation of areas degraded is"

a typical example of practical applications of theults of interdisciplinary scientific researchriwo
(applied research).

Taking into account my extensive and well-estaklisiknowledge of the mining heritage of
Lower Silesia and the rich experience | have gath&thg implementation of innovative project of
examination, conservation and utilization of a ctempof post-mining objects and areas of
significant historical value, carried out usingerttisciplinary research methods, titlé&keclamation
of areas degraded by mining activities in Mirsk conme, with creation of a tourist and instructional
path “In the footsteps of the old ore mindshave reason to believe that the comprehensive and
systematic activities | have conducted will leadha future to detailed exploration and protectsdn
other historically valuable former mining aread.mwer Silesia, and the final result will be the use
of selected post-mining facilities for educationall recreational purposes (in industrial tourism an
geotourism, as in the case of the described pjoject

In addition to the implementation of the descrilpedject, | was in charge of implementation of
a number of projects (or participated in their exEm) in the field of applied research carried aut
the Institute of Mining, Wroctaw University of Tesblogy and KGHM CUPRUM Sp. Z 0. o.
Research and Development Centre, in cooperatidnseieral enterprises (primarily KGHM Polska
Miedz S.A.
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The following table presents indices summarizingsuoigntific achievements (after obtaining my
Ph. D. degree):

SCIENTIFIC AND RESEARCH ACHIEVEMENTS LIST

(as of July 2017)
No. Index Index
value
1. Authorship or co-authorship of academic publigagiin journals included in thiurnal 4
Citation ReportgJCR) database
2. Authorship or co-authorship of realized originatoject, construction or technological 3
achievement
3. Patents, inventions, utility models and industri@signs 3"
4, Authorship or co-authorship of monographs, acadgmblications in international or national
journals:
- books, monographs and chapters of collective works 24
- monograph editing 5
— academic publications in journals withdotpact Factor(IF) 26
— publications in materials from international comefeces included in internationally 5
recognized publication database (suchVass, Scopus, ProQuest, EBSCOHost, Cro3sRef
— publications in materials from conferences notudeld in publication databases 20
1| - delivered, unpublished conference lectures 11
5. Summary impact factor of academic publicationsoading to the Journal Citation Reports 2.032
(JCR) list, as per publication year
6. No. of publication citations:
— acc. to theNeb of Science 14
— acc. to thePublish or Perisk’ 182
7. H-index of published publications:
— acc. to thaVeb of Science 20
— acc. to thePublish or Perish 7
8. Authorship or co-authorship of collective works,esearch work documentations 48
and expert opinions
9. Management of international or national researciepts or participation in such 17
projects
10. | Awards for research activities 8
(*) - I have prepared and handed over to the Contsaeté®¢GHM Polska Mied S.A. and KGHM CUPRUM Sp. z 0.0. CBR, entitled to the patent (atcording to the Contract) —

the materials for applying in the Patent Office of the RepubfliPaland for a patent on the inventions, of which | anpauthor. Further proceedings aimed at obtaining patent

protection of the solution in question come within the competehtiee Contractors.

2 |In the competition documentation from 15 June 2012 NCN included an information, that the questionnaire
concerning the scientific output of partner from foreign scientific institution for HS panels (humanistic and social
sciences) should demonstrate total number of citations from all previous publications (without autocitations) and index
H (source: Web of Science or Publish or Perish).

30 H-index is given according to the Web of Science database (counted with auto-citations, exclusively for works indexed
in the WoS database).
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| am an authorized expert on mining traffic, grotp - anchor casings and Group XXI - tests of
technical solutions prior to introduction of newpéoitation systems for copper, zinc and lead ores o
variations of these systems.

Detailed information concerning my scientific acl@ments is included in the Appendix 3b to the
application for habilitation proceeding entitledist of published scientific works or creative
professional works, part Il — List of other workstnncluded in the achievement referred to in the
Article 16 Section 2 of the Act and indices of isitfie achievements.

| have significant organizational, educational aogularization achievements:

| am the founder, lead organizer and member ofsthentific and organizational committee for
the series of scientific conferendegiedzictwo i historia gérnictwa oraz wykorzystap@zostatéci
dawnych roboét gorniczyckHeritage and history of mining and the usage @& temains of old
mining works).

| was a co-organizer, secretary and member of thentific committee of the combined
international scientific conferen@dtbergbau-KolloquiumandDziedzictwo i historia gornictwa oraz
wykorzystanie pozostald dawnych robot gorniczych (Heritage and histofyroning and the usage
of the remains of old mining works)t the Wroctaw University of Technology in 2011her
conference was organized on my initiative, as alresf my efforts and was a product of my
international scientific cooperation concerning mhi@ing heritage of industry and technology.

| was a member of the scientific and organizatiac@hmittee of the international conference
GEOTOUR & IRSE (Strategies of Bundling Geotounst &eoheritage Attractions) 2013.

| belong to the scientific and organizational corntead of theConference of Doctoral Candidates
and Young Scientistsorganized cyclically under the auspices of theabeof the Faculty
of Geoengineering, Mining and Geology, Wroctaw Wmsity of Technology.

| am the founder and co-editor of the multi-autmoonograph serie¥he History of mining
- an element of European cultural herita(@07-2014).

| am deputy editor-in-chief at the new scientibcijnalHereditas Minariorum (Mining Heritage).
The journal was created on my initiative.

| have reviewed a number of publications publisirethe Journal of Science and Technology
of Ore Mining CUPRUMaNd a series of monographs by multiple authdegitithe history of mining
- an element of European cultural heritage.

| participate (or participated) in works of a fewientific committees anéxpert teamsamong
which the most important are:

- Mining Committee, an assisting authority of the istiry of the Environment

— Polish Geological Institute Scientific Council

— Mineral Resources Committee of the Ministry of Eotvinent

— Commission of Mining Sciences, Division of Polislademy of Sciencas Wroctaw
— Section of Metal Ores of Mining Committee of PoAslademy of Sciences

— Central Committee of Museology and Mining Tradis@ITG
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The following table presents indices summarizing my didactic and popularizing achievements and
information on international collaboration (after receiving my Ph. D. degree):

SUMMARY OF DIDACTIC AND POPULARIZING ACHIEVEMENTS
AND INFORMATION ON INTERNATIONAL COLLABORATION

(as of July 2017)
No. Index {,I:liﬁ:
11. | Participation in European programmes and other international 2
and national programmes
12. | Active participation in international and national scientific conferences 31
13. | Participation in organization committees of international and national scientific conferences 19
14. | Received awards and distinctions (other than for scientific achievements) 8
15. | Management of projects realized in cooperation with scientists from other Polish and foreign 14
centres and in cooperation with entrepreneurs
16. | Participation in editorial committees and scientific councils of journals 2
17. | Membership in international and national organizations and scientific societies 4
18. | Didactic and science popularization achievements
— authorship of curricula 9
— giving lectures and classes 17
— achievements in field of popularization of science 9
19. | Academic support for students 160
20. | Academic support for doctoral students as an academic supervisor or an assisting supervisor 2
21. | Expert opinions or other analyses on request 9
22. | Participation in expert and competition teams 6
23. | Review of publications in international and national journals 41

Detailed information concerning my didactic and popularizing achievements and information
on international collaboration is included in the Appendix 4 to the application for habilitation
proceeding entitled: Information on educational achievements, cooperation with institutions,
organizations and scientific societies and activities popularizing science.

Maciej Madziarz, lipiec 2017 r.
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