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SUMMARY 
 
Any academic career involves a wide spectrum of activities, but the most important components 
are teaching and research, which must be in constant interaction 
 
In terms of teaching, I have contributed on training many generations of students, both in mining 
and environmental engineering. Interactive lectures, debates at laboratory and seminar classes 
were the tools of transmitting theoretical and practical knowledge. These methods have proved 
their effectiveness, given that many of the graduates I have worked with are now performing on 
labor market and their feed-back is a positive one. I went through all promoting stages by 
competition, from the academic rank of assistant professor to full professor, the latter being 
obtained in 2007 (M.Ed.C.T. Order no. 1013). 
 
Regarding the scientific research, since the beginning of my career I was involved in joint projects 
of the universityôs research teams. Initially, I worked in the mining field, the research being oriented 
towards slope stability issues, techniques and technologies for the exploitation of useful minerals 
deposits and dewatering of aquifer formations. During this stage, in 1998, I completed my doctoral 
thesis entitled "Recovery and capitalization of thin lignite layers from Oltenia open cast 
mining perimeters", obtaining the title of Doctor in Technical Sciences (M.E.N. Order no. 5182). In 
the thesis I approached technical issues related to the optimization of coal reserves extraction from 
thin layers in order to minimize reserves losses and lignite dilution, also dealing with the 
environmental issues. At this point I began the transition towards the field of environmental 
engineering, a field in which I progressed following postgraduate and postdoctoral courses 
performed at prestigious universities in Europe. The new research directions, that have joined 
those mentioned before, are directed towards environmental impact assessment and restoration of 
land degraded by industrial activities. 
 
If obtaining the didactic degree of professor validated my teaching activity and my scientific activity 
has been confirmed by obtaining the title of doctor of technical sciences, I believe that obtaining 
the title of doctoral advisor, after sustaining my habilitation thesis entitled "Research on stability 
and ecological reconstruction of lands affected by mining", can be regarded as the coronation 
of my academic career. 
 
The habilitation thesis is structured as a logical summary of main results of research in the fields of 
mining and environmental engineering, and is divided into three parts, including: a short description 
of the didactic and scientific activity, researches regarding the environmental impact assessment 
caused by mining (particularly on land); mining waste depositôs stability assessment; solutions to 
increase and ensure the stability of waste deposits; assessment of the impact generated by 
dewatering works and solutions on restoring the groundwater regime; ecological reconstruction of 
mining waste deposits and former quarries, as well as the career development plan in the future. 
The results presented in this paper are based on a series of research materialized in scientific 
papers published in international journals or conferences, as author or co-author. 
 
The first part of the thesis presents a synthesis of didactic and scientific results obtained 
throughout my academic career, as well as elements of national and international visibility. Also, 
this part highlights my permanent concerns for documentation and training in teaching and 
research interest areas. 
 
The second part of the habilitation thesis presents the contributions resulting from scientific 
research, is divided into four chapters, and consist in a brief presentation of theoretical foundations 
and the elements of analysis, research and interpretation specific for the addressed theme. 
The first chapter is dedicated to identifying and analyzing the effects of mining activities on the 
environment, particularly on land, at all stages of a mine development (especially for a quarry). 
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This chapter clarifies the concept of "land" (as defined by scientific literature), explains the 
functions that give value to the land and describes the main mining activities generating impact on 
the land in various operating stages. It also provides information on land areas occupied and 
degraded by mining activities in Romania and the main associated risks. Chapter one is rather an 
introductory one that aims at problematizing and imposing specific research in order to ensure the 
stability of the mining works, monitoring of groundwater regime and ecological reconstruction of the 
affected areas. 
  
The second chapter deals with the issue of mining works stability, especially stability of mining 
waste deposits, which store impressive volumes of material and whose sliding can endanger not 
only the natural and/or anthropic environment, but also the lives of people living in their area of 
influence. During my work as a researcher at the Technical Mining and Geology Department and, 
later, at the Management, Environmental Engineering and Geology Department, slope stability 
problem was one of the main lines of research that I've covered. The main contribution in this area 
concern, in particular, results of stability analyzes, their interpretation and establishing measures to 
prevent landslides. To have more evaluation opportunities, I have worked to implement 
unconventional methods of analyzing the technical condition of mining waste deposits (probabilistic 
methods and based on fuzzy logic), which provides additional information regarding the likelihood 
of various forms of instability. Starting from these premises, I have developed a specific 
methodology for assessing the environmental risk in the event of a landslide, developing a matrix 
on which there are established several categories of environmental vulnerability for different 
assumptions on the technical condition of analyzed waste deposits. I also conducted comparative 
analysis between the results for the same conditions (geometry, physical and mechanical 
characteristics) using different categories and types of stability analysis methods (classical 
methods, methods based on the theory of finite elements and differences). Another contribution in 
this area is the development of an Excel application (when the now existing specialized software 
were in a pioneering phase), which allows a rapid analysis of stability (for circular and polygonal 
sliding surfaces), application that has proved to be extremely useful both for research work and for 
teaching seminars. 
 
The third chapter presents the results of research on the changes in groundwater hydrodynamic 
regime, for phreatic aquifers and captive aquifers (pressurized or unpressurised) as a result of the 
dewatering work. The analysis presented refers to the hydrogeology of Rosia de Jiu quarry, which 
operates under the protection of the most advanced dewatering system in Romania. Also, the 
research described in this chapter are directed towards the possibilities of limiting the negative 
effects of the dewatering of aquifer formations (lowering hydrostatic level, the occurrence of aridity 
phenomena inside the depression area, reducing groundwater resources, subsidence phenomena) 
on environmental and the possibility to use the water (from dewatering work) for different purposes. 
The main contributions in this area concern the development of a new hydrogeological 
classification of lignite deposits (used for the classification of the main quarries from Oltenia), 
studies on the effects of dewatering works on groundwater hydrostatic level variations, the 
infiltration mechanism of rainfall into mining waste deposits, solutions to reduce the impact on the 
environment and on restoration of the hydrostatic level in waste deposits. 
 
Chapter four is dedicated to research regarding the necessity of using an integrated approach in 
ecological restoration activities of the lands affected by mining activities (waste dumps or former 
quarries). Contributions in this area concern the development of a holistic approach model for the 
rehabilitation of a mining basin in which several lignite quarries operates, done using MineSight 
software, during a research internship conducted at Bergakademie Freiberg, model on which I built 
an app for Rovinari mining basin 
 
Also, in this chapter, is presented a model for the rehabilitation of the remaining hole of lignite 
quarries, developed for Urdari quarry, model that leads to the ecological reconstruction of adjacent 
areas, and, following the formation a lake in the remaining hole, accelerates the restoration of the 
hydrodynamic regime of groundwater. Because of the difficulties encountered in several projects 
regarding the optimal restoration type of lands affected by mining (determined strictly on the basis 
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of several principles), I developed a methodology for the establishment of the optimal type of 
ecological reconstruction of degraded lands, which goes through several stages and take into 
account a series of indicators. 
 
Part III of the habilitation thesis presents the career development plan and sets out the main 
directions of research that can be addressed in the future doctoral theses. In this part, there are 
also highlighted the objectives regarding the teaching and mentoring activities, and future 
dissemination of the research results. 
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PART 1 
 

SUMMARY OF THE ACADEMIC AND SCIENTIFIC ACHIEVEMENTS 
 

 I defended my doctoral thesis entitled "Recovery of thin layers from the surface exploitation 
perimeters in Oltenia" in 1998, a period in which energy coal mining in Romania seemed to be 
rising. PhD thesis aimed to establish methods for exploiting thin layers of lignite quarries in Oltenia 
and optimize the application of these methods depending on the thickness and length of the work 
front. The justification for this subject was, on the one hand, finding solutions for rational 
exploitation and relatively full deposit of lignite, on the other hand, reducing the phenomena of 
dilution and losses generated by the bucket-wheel excavator, which has a limited degree of 
selectivity. Solutions for extracting highly selective proposed and developed in this thesis lead to its 
inclusion mining in an expanded concept of sustainable development through the rational 
exploitation and efficient use of reserves, but also to obtain a cleaner coal and to avoid storing coal 
in dumps where, after auto-ignition phenomena generate pollution and environmental impact. 
 Even before the doctoral thesis defense and obtaining the title of Doctor of Science in the field 
Mining, Oil and Gas, besides teaching and scientific activities in the mining domain, I began a 
series of documentation and training and conducted two research internships in environmental 
engineering. 
 

 1. Academic activity 

  I am a member of the academic staff of the University of Petrosani since 1990. I started as an 
assistant professor in the Department Mining Engineering and Geology. Gradually, according to 
the conditions and standards in force, I  became lecturer (1996), associate professor (2001) and 
professor (2007). Currently, I am part of the Department of Management, Environmental 
Engineering and Geology.  
 In terms of teaching, I began by supporting seminars and laboratories at the disciplines Slope 
stability, Aquifers dewatering, Opencast mining.  
 I actively participated in the establishment of specialization Environmental Engineering in Mining, 
now named Environmental Engineering and Protection in the Industry. With the establishment of 
specialization in the field of environmental engineering, I worked on the development of new 
courses specific to this area, such as Recovery and reconstruction of degraded land, Human 
impact on the environment, Hydrology and hydrogeology, Artificial and natural slope stability. 
Training in this area began in a student, then continued by conducting internships documentation, 
training and research conducted in universities prestigious in Europe (BA-TU Freiberg - Internship 
training in the field of surface mining and environmental protection 1994 - 1995; Internship 
research ecological restoration land 2001; Politecnico di Torino - Internship documentation in 
environmental hydrology 1999; Ecole de Mines Nancy - Internship research mining stability in 
2000). 
 Besides these subjects during teaching career I taught courses such as Fundamentals of 
engineering technology, Environmental and other types of risks, Mining hydrogeology, both for 
bachelor and master. 
 Since the beginning of the career of a teacher I had as a priority to build a relationship teacher - 
student based on a climate of communication and academic collaboration at the highest standards, 
but at the same time I tried, and mostly we managed to be close and to support all those students 
who have encountered problems professionally or personally. Over time, I have coordinated 
numerous papers and diploma projects for bachelor and master, many of which are listed in Note 
10 to the committees of support. Some of these works were published together with graduates in 
different scientific journals. 
 I believe that the results of teaching activity at the University of Petrosani, are found both in terms 
of quality of graduates and in terms of books and manuals that support the courses that I teach. 
Thus, I produced 10 books as sole author or co-author, as follows: 
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V Books  
 1. Dumitru Fodor, Ion Vulpe, Maria Lazar ï Technical and technological rehabilitation of the 
lignite open pits. Publisher INFOMIN. Deva, 2003. ISBN 973-86131-4-0, 270 p. 
 2. Dumitru Fodor, Maria LazŁr, Emilia Dunca ï Monography of departament of Mining Technique 
and Geology. Publisher INFOMIN. Deva, 2004. ISBN 973-86131-5-9, 176 p. 
 3. Maria Lazar, Ioan Dumitrescu - The human impact on the environment. Publisher Universitas. 
Petroĸani, 2006. ISBN (10) 973-8260-87-6; ISBN (13) 978-973-8260-87-0, 310 p. 
 4. Maria Lazar ï Rehabilitation of degraded land. Publisher Universitas. Petroĸani, 2010. ISBN 
978-973-741-161-7, 393 p. 
 5. Rotunjanu, I., Maria Lazar ï Hydrology and mining hydrogeology. Publisher, Petroĸani, 2014. 
ISBN 978-973-741-341-3, 442 p. 
 
V Manuals 

 1. Maria Lazar - Ecological Rehabilitation. Publisher Universitas. Petroĸani, 2001. ISBN 973 -
8035-48-1,  206 p. 
 2. Maria Lazar - Surface Water Management. Publisher Universitas. Petroĸani, 2001 ISBN 973-
8035-49-X, 199 p. 
 
V Laboratory guide/Applications  

 1. Maria Lazar, Faur Florin - Identification and evaluation of environmental impact. Project 
guiede. Publisher Universitas. Petroĸani, 2011. ISBN 978-973-741-236-2, 96 p. 
 2. Dumitru Fodor, Ioan Dumitrescu, Maria Lazar, Gabriela DumbravŁ ï Explanatory Dictionary 
for Science and Technology ï Mining. Publisher AGIR, Bucureĸti, 2012. ISBN 978-973-720-360-1, 
246 p. 
 3. Maria Lazar, Florin Faur ï Slope stability and shaping. Calculation examples. Publisher 
Universitas. Petroĸani, 2015. ISBN 978-973-741-453-3, 206 p.  
 
 I also am the coordinator of the bachelor study program Engineering and Environmental 
Protection in Industry and master program Impact assessment and ecological reconstruction of 
environmental, programs that are conducted in the Faculty of Mining, for whose authorization and 
accreditation I had a significant contribution. 

 

 2. Research activity 

 Scientific research belongs to the field of mining and environmental engineering, and currently, 
the main areas addressed include human impact on the environment, stabilization, recovery and 
ecological restoration of degraded mining. 
 The result of research conducted throughout the academic career are detailed in the list of works 
and in the verifying sheet for the fulfillment of the minimum conditions for habilitation and can be 
summarized as follows: 

¶ 15 scientific publications Thompson ISI - Web of Knowledge, including two in journals with 
impact factor (total impact factor 1.70); 

¶ 58 scientific papers in journals of international databases (BDI); 

¶ 59 scientific papers presented at international congresses and conferences or published in 
journals, which were not indexed BDI at the moment of publication; 

¶ 5 international grants, for 2 having the quality of grant director; 

¶ 16 national grants, for 2 having the quality of grant director; 

¶ 26 projects from more research/consulting with economical operators, for 3 having the 
quality of project manager. 

 The two international grants that we have obtained through competition (one of them 
ongoing), as UP grant partner director, fall into the category of grants financed by the European 
Union and thematic concerns the modernization and greening the mining sector coal in Romania, 
respectively operating of bucket-wheel excavators under condition of excavation of sterile rocks 
with high cutting resistance. 
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National grants which I led as UP grant partner director, were won in partnership in the MENER 
program and covered topics such as drawing of the structural maps for technological rehabilitation 
in mining areas using the geographic information system and structural changes of the technical 
mining solutions to achieve the environmental protection requirements in areas of active mines and 
quarries.  
 The habilitation thesis relies on some of the results obtained in research, namely those related to 
the addressed theme, results which were used in a significant number of papers, published and 
presented in congresses, conferences, international and national symposia. The representative 
papers for the issue of the stability and rehabilitation affected of mining lands on which the thesis 
was based are:  
 
V Maria Lazar, Izabela-Maria Nyari, Florin G. Faur - Methodology For Assessing The 

Environmental Risk Due To Mining Waste Dumps Sliding - Case Study Of Jiu Valley. 
Carpathian Journal of Earth and Environmental Sciences. Volume 10, 2015 - Number 3, 
223-234 pp. Factor de impact: 0,63. 

V Maria Lazar - Using Possibilities Of The Groundwater From Dewatering Works Of Jiu 
Rosia Open Pit.  15th International Multidisciplinary Scientific GeoConference SGEM 2015, 
www.sgem.org, SGEM2015 Conference Proceedings, ISBN 978-619-7105-36-0 / ISSN 
1314-2704, June 18-24, 2015, Book3 Vol. 1, 721-728 pp.  

V Maria LazŁr, Iosif Andraĸ - Quick assessment method for the slope stability factor of waste 
deposit dams. Proceedings of the 29th International Symposium on Computer Applications 
in the Mineral Industries, 2001, pp. 709-710. 

V Maria Lazar, Florin Faur, Emilia Dunca, Daniela Ciolea - Landslides occurred in Bujorascu 
Valley dump and stability improvement solutions - Environmental Engineering and 
Management Journal, ISSN 1582-9596, Vol. 11, Nr.7/2012, 7, pp. 1361-1366. Factor de 
impact: 1,117. 

V Maria LazŁr, Florin G. Faur, Emilia Dunca, Daniela-Ionela Ciolea - Establishing The 
Optimal Type Of Ecological Restoration Of Degraded Lands. Proceeding of the 7th 
Symposium SESAM 2015, INSEMEX Publishing House, ISSN 1843 ï 6226. Vol. 1, 234-
243 pp. 

V Ilie Rotunjanu, Maria Lazar ï Hydrological classification and evaluation of coal deposits. 
Mining Revue, Vol. 20, No. 2/2014. Published by University of Petrosani. ISSN-L 1220-
2053/ISSN 2247-8590, pp. 7 -14.   

V Maria Lazar ï Reaserch on geotechnical stability of sterile rocks dump Petrila - 
International University of Resources. Scientific Report on Resourse Issues 2012, vol. 1, 
Part.1. Medienzentrum der TU Bergakademie Freiberg, ISSN 2190-555X, pp. 230-240. 

V Maria Lazar, Florin Faur ï CercetŁri privind posibilitŁŞile de amenajare ĸi umplere cu apŁ a 
golului remanent al carierei Urdari ï Revista Minelor, ISSN 1220-2053, Vol. 18, Nr. 2/2012, 
pp. 18-23.  

V Maria Lazar, Florin Faur - Research on Rainfall Infiltration Regime into the Waste Dumps 
Body from Mining Basin Motru - Proceedings of the International Conference on 
Environment and BioScience (ICEBS 2011). ISSN: 2010-4618, Egipt 2011, pag. 150 -156. 

V Maria Lazar - Stability Estimation For Waste Dumps From Jiu Valley Using Fuzzy Theory. 
Proceeding of the 6th International Conference On Manufacturing Science And Education- 
MSE 2013- Sibiu-Romania, Ed. UniversitŁŞii Lucian Blaga,  ISSN 1843-2522, pp. 359-362. 
 

 I note that the data used in habilitation thesis also comes from the results of research carried out 
under research contracts or by specialized experts who are found also in the list of published 
papers. 
 

 3 Visibility and impact of research 

 There are a number of criteria which shall be assessed the activity of teaching and research, 
including its assessment by students to whose training contribute, recognizing the value of 
scientific citing research results and/or the invitation to participate as a member of the scientific 
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committees and/or reviewer of internationally recognized conferences and national scientific 
committees, participation as a reviewer for supporting doctoral theses etc. 

 Evaluation by students 

 According to the legislation, my teaching activity has undergone regular student assessment, 
who appreciated me, according to the evaluation criteria established as being a very good teacher. 
Moreover, at the end of each semester, students under request of anonymity, feedback and 
suggestions regarding course content and teaching methods, and the responses received confirms 
the results of the evaluations. I mention that many of the suggestions apply relevant on a range of 
issues that can be improved so that learning becomes more effective. 
 

 International and national visibility 
 In terms of visibility as a member of the academic staff of the University of Petrosani and as a 
scientist, I would like to mention, above all, cooperation in various fields with experts from 
international academic world (BA-TU Freiberg / Germany RWTH Aachen / Germany , Politecnico 
di Torino / Italy Ecole de Mines Nancy / France; Technical University of Crete / Greece national 
Technical University of Athens / Greece; University of Miskolc / Hungary etc.) and national 
(Technical University of Cluj-Napoca, Alba Univesiy December 1, 1918 Iulia Gheorghe Asachi 
Technical University of Iasi, Constantin Brancusi University of Tg. Jiu etc.). 

 I also want to point out cooperation with research institutes and businesses in the country and 
abroad, among which the National Institute of Research Development for Mining Security and 
Protection against Explosions INSEMEX Petrosani, Institute for Scientific Research, Technological 
Engineering and Design on Lignite Mine (ICSITPML) Craiova; National Research Institute for 
Metals and Radioactive Resources Bucharest; Poltegor Instytut Instytut Gornictwa / Poland; 
Oltenia Energy Complex, Hunedoara Energy Complex; Cuprumin Abrud; Wzkumny Ustav Pro 
Hnede Uhli AS / Czech Republic; Public Power Corporation AE / Greece; Instytut Techniki 
Gorniczej Komag / Poland; PGE Gornictwo I Konwencjonalna Energetyka SA / Poland; MAN 
TAKRAF Fºrdertechnik GmbH / Germany; Lausitzer- und Mitteldeutsche Bergbau-
Verwaltungsgesellschaft mbH LMBV / Germany; WEQUA Wirtschaftsentwicklungs- und 
Qualifizierungsgesellschaft mbH / Germany; Vattenfall Europe AG / Sweden etc. 
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V Reviewer Continuous Surface Mining International Symposium, Springer Verlag Aachen 
2014 and ISI Proceedings indexed Thompson Reuters. 

 
Member of the editorial staff or committees and reviewer of BDI scientific journals 
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V Conference Chairs - 2015 6th International Conference on Agriculture and Animal Science 
(ICAAS 2015). Ulrich's Periodicals Directory, Google Scholar, EBSCO, Engineering & 
Technology Digital Library, CrossRef and Electronic Journals Digital Library. 

V Member of the program committee of BALKANMINE 2015. 
V  Reviewer for the Annals of the University of Petrosani - Mining Engineering- indexed in 

Ulrich's Periodicals Directory, ISSN 1454 - 9174 - EBSCO Publishing Inc .; Periodicals.ru; 
Suweco; Scipio, mines indexed magazine reviewer EBSCO Publishing Inc. 
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Member of the editorial staff or scientific committees for non-indexed national and 
international scientific journals: 
 

V International Symposium Advisory Board Member of Continuous Surface Mining, Freiberg 
2010. 

V Member of the Scientific Committee of the XIII Balkan Mineral Processing Congress - 
Bucharest 14-17 June 2009. 

V Chairman organizing committee and reviewer Continuous Surface Mining International 
Symposium, Petrosani, 2008. 

V Reviewer 6th International Multidisciplinary Scientific Symposium Universitaria SIMPRO 10-
11 October 2014, University of Petrosani. 

V Organizing committee member of the National Student Symposium "GEOECOLOGIA". 

 
Managerial experience 
 

V Environmental Engineering and Geology Department Director 2011  
V Management, Environmental Engineering and Geology department Deputy Director, 2012-

2016. 
V  Member of the Council of the Faculty of Mines, University of Petrosani 2008 ï 2015. 
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V General Association of Engineers in Romania - AGIR  
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Mining" Freiberg, 6 to 10 July 2015; the courses were attended by three students of the 
University of Petrosani; 

V Member in over 70 committees supporting the scientific reports of the examinations and 
doctoral internships; 

V Official scientific reviewer in committees for public defense of 12 doctoral theses. 
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PART II. TECHNICAL DESCRIPTION OF SCIENTIFIC CONTRIBUTIONS 
 

CHAPTER 1 
 

MINING EFFECTS ON THE LAND 
 

 1.1 The land and its functions 
 

 The land is a finite, fragile and non-renewable resource, that represents, on one hand, the 
available area for a particular use, and on the other hand, a particular form of presentation of the 
Earth's surface. 
 The land holistic concept has been already recognized in the Land Evaluation Framework 
Programme [B.59], repeated by default in Chapter 10 of the United Nations Conference on 
Environment and Development 1993, and officially described in FAO 1995, as follows: " Land is a 
delineable area of the earth's terrestrial surface, encompassing all attributes of the biosphere 
immediately above or below this surface including those of the near-surface climate the soil and 
terrain forms, the surface hydrology (including shallow lakes, rivers, marshes, and swamps), the 
near-surface sedimentary layers and associated groundwater reserve, the plant and animal 
populations, the human settlement pattern and physical results of past and present human activity 
(terracing, water storage or drainage structures, roads, buildings, etc.)". 
 According to this definition, land represents a broader concept than soil or surface crust. The 
variation of soils and/or of landforms is often the main cause of differences between the 
cartographic units in a particular area, because the studies on the soil represent sometimes the 
main basis for defining of the land cartographic units. However, the soils compatibility for land use 
can not be assessed isolated from other aspects of the environment.  
 "The land", "the land functions", "land assessment", "land quality", " sustainability ", "resistance" 
etc., are concepts that must be carefully defined, to avoid the confusions and to ensure an effective 
cooperation between national and international planning institutions dealing with assessing of the 
changes in land conditions. The most important functions of land are (figure 1.1): 
V productive function - the land is the basis for many systems that sustain life by producing 

biomass that provides food, feed, fiber, fuel, wood and other biotic materials for human use, 
either directly or through livestock farming, including aquaculture; 

V connection function - land provides space for transporting people and for wildlife movement 
between different areas of natural ecosystems; 

V hydrological function ï the land regulates the storage and the flow of water resources and 
influences their quality; 

V biotic function - the land is the basis of terrestrial biodiversity by providing habitat, biological 
and genetic reserves for plants, animals and microorganisms, both underground and at 
surface; 

V storage function - the land is a deposit of raw materials and minerals for human use. 
 Besides the main functions, the land fulfills and other functions, such as: 
V function of waste and pollution control - receiving, filtering, transformation and storage of 

dangerous chemicals; 
V function of human habitat - land provides the physical basis for human settlements, 

industrial plants and social activities such as sports and leisure; 
V function of archive and heritage - land stores and protects the cultural and historic evidence 

of humanity, and is a source of information about the past, such as its previous climatic 
conditions and uses. 
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Figure 1.1 The main functions of the land 

 
 All these functions are interdependent and any modification of one of them feels on the others.
  

1.1 Mining impact on the land 
 

The useful mineral substances are the base to any industrial activity and therefore premise for 
economic growth of any nation. Buildings, cars, boats, aircraft, glass, computers, are just some 
examples of needed items of everyday life, whose achievement is impossible without the raw 
materials from mining activities. Worldwide, mining delivers annual about 17 billion tons of raw 
materials, without taking into account building materials [B.39], needed to meet the needs of 
society, and the demand for raw materials will increase further in the coming decades as a result of 
increasing worldôs population and the rate of growth of the developing countries. 

Extractive activity leads always to negative long-term effects on environment. The 
environmental factor that suffers the most serious degradations as a result of mining exploitation is 
the land and therefore, the entire ecosystem of the area. 

The organizational phase of mining units requires the execution of specific activities 
(construction of access roads and communication roads with the existing ones, construction of 
work platforms, construction of buildings and sometimes changing natural drainage), each 
constituting disturbances, changes and fragmentations in the continuity of environmental elements. 

Opening a mineral deposit constitutes an action with a destructive character, which 
corresponds to fertile soil and vegetation excavation, with possible repercussions on the local 
habitat and wildlife. This effect is particularly serious in the case of natural environments with a 
high value. 

Extracting useful mineral with explosives causes air pollution by emissions of noise and dust, 
leading to major damages on vegetation in the surrounding areas. Extraction by mechanical 
equipment produces a sound pollution due to operation of equipment (noise permanently). Other 
problems may be caused by the extraction by dredging of alluvial materials, when may occur 
irreversible physical, chemical and biological deterioration of aquatic habitat, with negative 
consequences on upstream and downstream areas. Above all, transporting and processing the 
extracted materials causes noise and dust pollution, affecting vegetation and wildlife in the area. 
Discharging residual slam from preparation plants into natural water courses of is another activity 
responsible for the different mutations of the physico-chemical characteristics and of the river 
habitat. 
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Mining activities, as a whole, do not fall unrestricted into the context of sustainable 
development, but the sequence of mining operations, respectively exploration, preparation, 
exploitation, closure and ecological rehabilitation can be directed so that the environment, 
economy and local communities can meet net superior quality standards to those existing before 
the start of mining activity. 

The works of opening a deposit, extraction of minerals, transport and storage are destructive 
actions, with repercussions on local fauna and habitat (figure 1.2). The effects are extremely 
serious in the case of the natural environment with high value, because are endangered 
ecosystems containing rare or protected species of flora and fauna. Other major issues are the 
need of the resident population displacement or deviation of water courses in the case of 
exploitation of useful minerals in open pits. 

 

 
Figure 1.2 Effects of mining on the environment 

 
Extractive activities, regardless of how it is performed, always lead to long term negative 

effects on the environment, the environmental factor most affected as a result of mining being the 
land, with all its components.  

Table 1.1 presents the main potential impacts generated by mining (surface and underground 
mining) on the land and its components, and a range of measures that can help to reduce this 
impact [A.22]. 

 
 
 
 
 
 

 EFFECTS ON ENVIRONMENT 
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Table 1.1 Potential impacts of mining on the environment 

Environment 
factor 

Open pit Underground mine Mitigation measures 

 
 
 
 
 
Land, soil and 
subsoil 

- Changing morphology as a 
result of development in 
depth of open pit and the 
emergence of rock dumps  
- Changing land use during 
mining activities  
- Damage to adjacent land 
use, as a result of changing 
the regime of surface water 
and groundwater  
- Acidification of soil in the 
surrounding areas in case of 
acid drainage 

- Changing land use as a 
result of construction and 
infrastructure development  
- Changing morphology and 
hydrodynamic regime due 
subsidence  
- Damage to land use as a 
result of land degradation, 
water and subsoil  
- Draining waste water from 
underground affects soil 
 

- Land planning in the 
mining areas and 
optimization of the land 
requirements for various 
uses  
- Planning environmental 
rehabilitation of affected 
areas and re-use post-
mining land 
  

Surface and 
groundwater 

- Dewatering and depression 
of groundwater aquifers 
causes lowering of 
groundwater level on 
extended surfaces, reducing 
underground water 
resources, failures in water 
providing to human 
communities and vegetation, 
subsidence of land surface  
- Risk of acid drainage and 
pollution of surface water and 
groundwater with heavy 
metals  
- Increase the solid 
suspensions in surface 
waters 
 

- Dewatering and 
depression of groundwater 
aquifers causes lowering of 
groundwater level on 
extended surfaces, 
reducing underground 
water resources, failures in 
water providing to human 
communities and 
vegetation, subsidence of 
land surface  
- Emergence breaches 
which may promote 
leakage in underground of 
waste water from surface 
and groundwater 
contamination  
- The pumped waste water 
from underground and 
discharged into the natural 
receptors can lead to 
phenomena of pollution 

- Proper planning of 
mining activities and 
dewatering schemes, 
using three-dimensional 
models  
- Establish an appropriate 
management of water 
 

 
 
 
 
 
 
 
Ecosystems 

- Removal of flora and fauna 
from the mining perimeters  
- Damage of surface water 
and groundwater induce 
negative effects on aquatic 
ecosystems  
- The dust emitted into the 
atmosphere is deposited on 
the vegetation of adjacent 
areas, and slow their 
development  
- Noise and vibration affecting 
animals and birds from the 
forests in the area of 
influence  
- Reduce groundwater 
resources affects natural 
plants and crop of the 
neighborhood 

- The extinction of 
vegetation and fauna of the 
areas occupied by buildings 
and infrastructure  
- Reduce groundwater 
resources affects natural 
plants and the crop of the 
neighborhood  
- Reduce the capability of 
fertile soil from areas 
affected by subsidence 
phenomena  
- Discharge of polluted 
water from underground in 
natural receptors can 
generate problems of 
aquatic ecosystem 

- Mining planning must 
to consider removal from 
forest circuit of the lower 
surfaces, and after mining 
closure to provide for 
recovery of forestry land;  
- Planting of adequate 
compensation forests;  
- Creating a "bank" of 
flora in order to preserve 
species and their 
subsequent reuse;  
- Reducing the intensity of 
noise and vibration, so as 
to affect to a lesser extent 
the fauna of adjacent 
areas 
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Human factor 

- Displacement of localities, for the purposes of preparing, opening and exploitation of 
useful mineral deposits, cause changes in lifestyle of the population, loss of traditions 
etc..  
- Changes in population dynamics: management and qualified labor force most often is 
not available in the local population, which requires to select them from other areas. 
Thus, the population dynamics of the area suffers a major change, resulting in the time 
the dilution of point of view ethnic, cultural and religious. With the closure of mining 
activity, the population is decreasing very fast.  
- Cost of life: communities dependent on agriculture and forestry have in general a lower 
standard of living. Developing industrial activities generates higher revenue and lead to 
increased purchasing power of the involved people. As a result, the cost of life increases, 
which reflect negatively on the population not involved in industrial projects.  
- Reduction of water resources: As the open pit, and the underground mine involve 
dewatering of aquifers formation, resulting in lowering of groundwater levels, especially in 
phreatic groundwater aquifer, resulting in failures in water supplies of local communities.  
- Impact on health: Health and welfare of the population from mining areas may be 
affected by air, soil and water pollution, noise and vibration. Population engaged in 
mining may suffer various professional illnesses such as diseases of the skin, lungs and 
respiratory.  
- Infrastructure facilities: Mining activities and associated activities favors the 
development of infrastructure elements (roads, schools, hospitals, utility corridors, etc.), 
which improves quality of life in the area.  
- Creating jobs: Mining and related activities provide employment opportunities for local 
people, providing training courses for this purpose. 

 
 Transforming the impact into degradation depends on several factors, including:  
V  characteristics and dimensions of the mining operation;  
V  exploitation technologies and methods (extraction with mechanical equipment or using 

explosives);  
V  the natural characteristics of the region (the extreme cases are represented by areas with 

high natural value, on the one hand, or areas already compromised on the other side). 
 To establish the interventions needed to reduce the impact of mining activities on soil and 
subsoil, geotechnical and geomechanical researches that underline the project of exploitation, 
ecological rehabilitation and open pit related work should be run. Such studies should lead, first of 
all, to knowledge gathering about the hydrogeological and morphological situation and the rocks 
resistance characteristics. 
 Generally, it is important that the exploitation and rehabilitation operations to be carry out 
following well established project, based on actual knowledge of the environment of the territory 
where working. 
  The exploitation and surrounding areas should be studied in details, in terms of flora, fauna and 
ecosystems, by using work tools such as: 

V census of plant and animal species, with any evidence of rare or unique populations; 
V studies of any "weaknesses" of the community, the adaptability of different species; 
V ecosystem characterization by describing the principal climatic factors (rainfall, 

temperature, wind, humidity), the soil components in relation to morphology, geology, 
water cycle; 

V highlighting the relationship between soil, vegetation, fauna and the causes that lead to 
ecosystem degradation and determining the possibility of autonomous recovery in time. 

 Using the obtained information, the following measures can be taken:  
V optimization for mining units location, according to the needs of protecting the surface 

of areas with rare or unique biota;  
V establish mining perimeter dimensions not only in terms of mineral deposit extending, 

but also in terms of ecosystem endurance capacity;  
V selecting exploitation methods and techniques so as to facilitate operations of improve 

and ecological rehabilitation of degraded lands (wherever possible, the two activities 
should to be carried out simultaneously);  

V draft a real rehabilitation project of area (naturalist, agricultural or forestry reclamation);  
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V establish protective measures against surface water and groundwater pollution, and 
measures to protect groundwater resources;  

V establish measures to protect the surrounding areas against dust dispersion and 
propagation of noises and vibrations;  

V reduce waste production and test them if re-usable. 
 

 Recovery and ecological restoration of degraded lands by mining activity is a obvious necessity, 
requested both by the industry, and by administration and the legislation, but above all by the 
inhabitants of those areas.  
 

 1.3 The impact of the Romanian mining industry on the land areas 

 Romania's mining sector occupies and degrades large tracts of land, necessary for mining 
perimeters, mining facilities, access roads, waste dumps, tailings ponds, etc. Depending on the 
location of the mines, significant land areas were removed from agricultural, forestry or for other 
uses and were degraded. 
 

 2.2.1 Land occupation 
 

V Coal extraction 

 Coal mining in Romania occupies significant land areas, especially when it comes to the lignite 
opencast mines from Oltenia region, land that was removed from economic, natural and / or 
residential cycle. On the land areas taken into use by mining operators are located pits, waste 
dumps, tailings ponds, processing plants, facilities, and transport infrastructure. In summary, the 
coal mining sector occupies about 23500 ha of land, of which 9655.7 ha mining facilities, 2314.7 ha 
buildings, 7829.5 ha opencast mines. As a result of coal mining activity they were built 137 waste 
dumps and 6 tailings ponds, which store a total volume of 2000 million m3 of waste rock and 
occupies an area of over 3600 ha [A.15], [B.22]. 
 So far, due to the opening and expansion of lignite opencast mines they were displaced 2200 
private households, 40 social and cultural buildings, 5 churches and 6 cemeteries. On exhausting 
reserves of lignite coalfields of Oltenia, it is expected to be affected by mining 56 cities, including 
14 in their entirety. 
 So far, due to the coal mining in Oltenia, from the total 17000 hectares occupied were given 
back to the agricultural and forestry sector about 2000 ha, and the rest will be rehabilitated and 
given back to the economical entities in the more or less close future. 
 

V The extraction of ores and non-metallic substances 

 The exploitation of mineral deposits and non-metallic substances in Romania occupies an area 
of over 8200 hectares. Part of this area (about 46%) is for carrying out production activities and the 
remainder, amounting to 54% is for construction of waste dumps and tailings ponds [B.21], [B.22]. 
Mining companies dealing with extraction of these types of useful minerals had to administer 577 
waste dumps with a volume of rocks contained of about 200 million m3, occupying a total area of 
813 ha, and after processing the extracted ore were built 65 tailings ponds, which occupies an area 
of about 1350 hectares and stores over 360 million m3 of waste rocks. 
 Part of the waste rock deposits released from technological tasks were rehabilitated and given 
back into the economic or natural cycle, but most are in conservation status, because the 
ecological rehabilitation works involves very high costs. 
 

 1.3.2 Sliding of waste dumps 

 Mining, regardless of how it is performing (surface or underground) leads to the formation of 
waste dumps and tailings ponds, which store different volumes of material from several thousand 
cubic meters up to several hundred million cubic meters. Stability problems that arise from waste 
dumps comprise phenomena of superficial and deep landslides, discharge phenomena of the 
embankments and base land and sometimes even plastic disposals and flow phenomena. Such 
landslides could occur during all phases of existence of these important engineering works, namely 
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during construction, immediately after abandonment, or after a relatively long period from their 
release from technological tasks. 
 Since the sliding of a pile may involve a dangerous motion of some important material masses, 
which leads to damage of both the natural environment and the man-made environment, it is 
imperative to analyze the technical condition of their regularly and whenever necessary, and 
identifying the measures to prevent slides and / or to combat the effects of large-scale landslides. 
 In terms of stability of the waste dumps in Oltenia, it has been compromised in many cases, but 
landslides that have moved large volumes of sterile, of millions of cubic meters, and affected the 
natural and man-made environment after 1990. Landslides were recorded at the outside waste 
rock pile from opencast mine Rosia de Jiu (1995), outside waste rock pile ķtiucani (1992 and 
2001), outside waste rock pile Valea MŁnŁstirii (2000), outside waste rock pile Valea Rogoazelor 
(2001, 2004 and 2006), outside waste rock pile Valea Negomir (2001) outside waste rock pile 
BujorŁscu Mic (2007). 
 Most waste dumps in the Jiu Valley suffered deformations, from superficial erosion to deep 
landslides, also affecting the base land through discharge phenomena, but the effects on adjacent 
areas were at much smaller dimensions than the waste dumps of Oltenia. 
 Many of the waste dumps of the mineral and non-metal substances mines shows risk of sliding, 
these are being kept under observation, and regarding the tailings ponds, it can be mentioned here 
the landslide from the tailings pond of the mine Certej - SŁcŁr©mb (1971), slide what resulted in 
about a hundred victims, and the failure of tailings pond SC Aurul Baia Mare (2000), which led to 
serious pollution of the river system, affecting several river basins in Romania and Hungary. 
 

 1.3.3 Mining subsidence phenomena 
 

 Another negative impact of mining activity on the land is the fracturing and subsidence of the 
land surface with variable amounts that can reach tens of meters, due to underground mining of 
thick deposits and pressure directing by total collapse of the overburden. The most spectacular 
phenomena of subsidence is recorded at EM Deva, EM Ghelar, EM Baia de Aries, EM Moldova 
Noua and in the Jiu Valley, where, because of the mining methods applied in underground, 
subsidence troughs and huge funnels were created, with volumes of hundreds and even 
thousands of cubic meters [B.22]. It is interesting to note the phenomenon occurred in saline 
Ocnele Mari, where, as a result of hydraulically union of 6 wells, it has been formed an 
underground empty space of a considerable size, with an area of approx. 10 ha and a volume of 
over 4 million m3. Because of this underground empty space, the land surface began to collapse, 
displacing and spilling into valleys and watercourses in the area large quantities of brine, thus 
creating a major impact on terrestrial and aquatic ecosystems. 
 From the aforesaid, it follows that mining generates a significant impact on land through 
occupation and degradation, and the major risk of sliding of the waste dumps and tailings ponds. 
  
 Given that land suffer various forms of degradation at national and international level, making it 
unusable for other purposes, the stabilization, recovery and ecological reconstruction of mining 
land that is released from its technological use is an effective tool to give mining a chance to 
become a sustainable activity and a real engine of sustainable economic development of the areas 
in which it is conducted. 
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CHAPTER 2 
 

STABILITY OF WASTE DUMPS 
 
 The stability problem of waste dumps is more difficult than that of slope work and natural slopes 
because the instability occurs right from the building phase, as a result of laying down a mixture of 
rocks in loose form, often with higher humidity than the material found in undisturbed condition. By 
excavation, the cohesion is destroyed and as a result, physical and mechanical parameters of the 
mixture are different from those of the rocks "in situ". Examples of phenomena of lack of stability 
caused by improper works on waste dumps can be: 
V slope instability due to incorrect sizing or nonobservance of the geometrical elements 

(excessive tilt and height in relation to the physico-mechanical properties of rocks); 
V waste rock pile instability due to the incorrect geometrical configuration or excessive 

accumulation of waste rock material, resulting in a too high tilt; 
V unstable land on which the pile is built, due to exceeding the loading capacity etc. 

 Even from the construction phase, waste dumps are an overload of land, which contributes 
substantially to the degradation both in terms of aesthetics of the landscape and the increasing 
environmental pollution. Moreover, waste dumps may be, if placed or built incorrectly, a real 
danger for the area as a result of deformation and slide risks [B.42]. 
 Developing a mine in a region leads to significant changes in morphological appearance, 
causing stability problems can have serious consequences on the natural and man-made 
environment in the influence region. When operating a opencast mine, the stability problems are 
made worse by the presence of residual empty spaces representing negative landforms, occurring 
after depletion of useful minerals and termination of exploitation works (figure 2.1). 
   

 
Figure 2.1 Morphological changes and stability problems generated by the operation of an open pit 

 

 Ensuring the stability of waste dumps and tailings ponds is one of the most important issues in 
mining, both in terms of technology and environmental protection, since any slide can have serious 
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consequences. The problems that occur in design of waste dumps and tailings ponds varies by 
stored material characteristics, site characteristics and way to fill the material, the volume of waste 
material to be stored, i.e. height and extension. Control of deposits under construction or in 
conservation, is necessary right from the design phase to provide a series of measures to control 
periodically the stability of the pile or pond and of the surrounding areas and carrying out 
geotechnical studies on the rocks in the ground and on rocks and substances that are stored. 
 Because many waste facilities (piles and ponds) were damaged, leading to disaster of large 
proportions that affected large territories, it is absolutely necessary to conduct a large number of 
field and laboratory studies serving on monitoring their technical state [A.1]. In order to protect the 
natural and man-made environment of the area of influence of the piles, there are necessary field 
studies that reveal the items shown in figure 2.2: 
 

 
Figure 2.2 Necessary studies for environmental protection 

  
 

 2.1 Principles for assessing the stability of waste dumps and tailings ponds 
 

 2.1.1 Analysis methodology 
 

 Stability analyzes are based on the assumption that a slope loses its equilibrium conditions 
when the shear strength on any possible slide surface is exceeded by the resultant shear forces 
exerted on that surface by the masses of material located above it. 
 The surface that is most likely to occur sliding is called critical or potential slide surface. 
Highlighting such surfaces is quite simple when geological conditions permit defining of movement 
on the basis of obvious stratigraphic or structure discontinuities. When sliding phenomenon occurs 
in a homogeneous formation and unaffected by discontinuities, any surface within the slope can 
meet critical slide surface conditions [B.42]. 
 To guarantee the stability conditions of a slope, there must be a force of resistance whose value 
to offset the active force. The force of resistance includes total cohesion on critical slide surface, 
the resultant of normal pressure on the sliding surface and friction that it can develop. It is obvious 
that in analyzing the stability of a slope should take into account the lowest values of shear 
strength of rocks, in order to obtain a covering quantitative assessment of the stability, but this is 
detrimental to the economic aspects and for this reason, the stability analysis must take into 
account the importance of the work, the social danger that it has, the environmental effects etc. 
 The main objectives of stability analyzes are presented in figure 2.3. 
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Figure 2.3 Stability analyses objectives 

  
 Slope stability analysis methods are grouped into two categories: 
V methods that take into account the limit equilibrium state in a given area of detachment 

from the massif. In this case, the sliding part is considered rigid, and the interaction 
between it and the rest of the massif is carried out by means of the forces that occur on the 
sliding surface. In most cases, it is considered that slopes slid on a cilindrico-circular 
surface, but it must be taken into account specific cases that relate to pre-existing sliding 
surfaces, such as areas of weakness. 

V methods not entailing a sliding surface and taking into account the state of efforts and 
deformations of the massif and its interaction with rocks resistance. Such methods can 
model the behavior of the massif of rocks and can highlight, if necessary, dangerous areas 
where plastic failure processes can begin. 

 The most used method for analyzing slope stability are methods that take into account the limit 
equilibrium state on a sliding surface and they have a long period of application and verification in 
practice. Depending on how they consider the sliding mass, these methods can be grouped as 
follows: 
V methods that considers the sliding mass as a whole (plane sliding surfaces methods, 

friction circle method, logarithmic spiral method); 
V methods that supports dividing the sliding mass in vertical strips, which allows 

consideration of various geometries and complex application conditions (Fellenius's 
methods, Maslov-Berer, Janbu, Bishop, etc.) 

 Analytical methods based on the limit equilibrium state assume the verification of conditions for 
the stability of the masses that constitutes a slope, in particular for the equilibrium of forces and 
moments. Methods based on similar criteria broadly provide modeling of the analyzed slope, 
defining the state of charge and adopting a breaking criterion. Consequently, these analyzes 
depend on the type of the adopted model and on the assigned physical-mechanical properties of 
the materials. 
 Landslides may occur by different mechanisms and may be characterized by a well defined 
sliding surface (flat, cilindrico-circular, polygonal or compound) on that can be achieved an analysis 
by the method of limit equilibrium. 
 

 2.1.2 Prior studies to stability analysis  
 

 After geological, morphological and geotechnical surveys and after analyzing the stratigraphic, 
structural and geomorphological local situation, it should be checked the assumptions made and it 
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should be collected other indispensable information that can be obtained only after a suitable 
series of directly and indirectly type of research that can be associated with an automatic control 
system of variations of key parameters, such as relative movements of the control points, 
oscillation of aquifer structures and borehole or watercourses rates. 
 To the direct research on the land (topography) and in depth (mechanical drilling) and indirect 
research (geophysical methods) are associated "in situ" research (penetrometer, piezometric, 
inclinometer and extensometer measurements etc.) and geotechnical laboratory analysis of 
undisturbed samples taken during mechanical drilling, to define the physical and mechanical 
parameters that characterize the surrounding rock and slipped material. 
 Knowing the underground conditions must be based on the final results of research using 
appropriate means to this end. As an indication, in figure 2.4 is proposing major research facilities for 
the general knowledge of the underground 

 

 
Figure 2.4 Subsoil investigation tools 

  
 For the case of slope and hillside sliding it is necessary to know the geometry of the moving 
mass, the sliding surface position and the relative conditions of the material in motion and of the 
surrounding area [A.1]. 
 After clear establishing of the geological and geomorphological aspects of the study area and 
after defining the geometry of the slope and the sliding area, it can be continued with analyzing the 
data determined "in situ" and in laboratory, in order to reach a geotechnical characterization of the 
materials involved in the sliding phenomenon. These analyzes are needed to determine 
kinematics, weight, cohesion, internal friction angle, the effect of groundwater, lithostatic pressures, 
deformations and the sliding surface of the sliding materials and the surrounding rocks. 
 These items, correlated in geological terms (qualitative) and rock and soils mechanics 
(quantitative) permits to define the significant parameters and the way by which occurred the 
natural equilibrium disturbing, causing the phenomenon of sliding. Must be taken into account that 
usually the research is conducted after the sliding occurs and that in these circumstances, the 
resistance values at the onset of sliding can not be determined directly, they are deducted. In 
general, ulterior verification is required, considering the stability factor equal to unity and thereby 
determining the average values of resistance along the sliding surface to assess the present and 
future conditions of stability of slopes. 
 Quantitative estimation regarding extremely complex natural phenomena, given the causes and 
ways of occurrence, involving natural materials with extremely varied mechanical behavior in 
space and time, can not be absolute. Moreover, it is generally recognized the difficulty of reducing 
complex natural situations to simple models claimed by analytical treatment. 
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 Based on these considerations, the program of "in situ" research and in laboratory can be 
realized on undisturbed samples, taken during mechanical drilling or on reconstituted samples, for 
accurate definition of natural conditions and quantitative characterization of the necessary 
parameters in analytical assessment. Broadly, laboratory samples aim to determine some 
properties such as grain size, limits and indications of consistency, specific gravity, volumetric 
density, porosity, natural moisture and degree of saturation, while for the knowledge of mechanical 
characteristics or hydraulic behavior it can be performed the following tests: monoaxial 
compression, shear strength in drained and undrained state, deformability, consolidation, 
permeability. 
 Choosing the type of samples depends on the characteristics of the analyzed materials and 
research purposes. "In situ" samples refers to the static and dynamic penetrometry, dilatometry, 
seismometry, overload, permeability and lead to the definition of the strength, relative density, the 
internal friction angle, cohesion in undrained state, the coefficient of permeability, the seismic wave 
velocity, degree of fracturing and alteration, modulus of elasticity etc. 
 To analyze the slope stability we must consider the following factors: 

V geology, stratigraphy and tectonic in particular; 
V geotechnical characteristics of the rocks; 
V hydrogeology; 
V overloads presence near the slopes; 
V geometric parameters (height and tilt of the slope). 

 

 For the artificial slopes, their geometry is determined by the stability reserve that is required 
depending on the size, extent and duration of their stay in place. If a slope is steep, it is possible to 
trigger the slides, which can be produced, mainly as follows:  
V sliding on imposed surfaces (most often sliding occurs through rotation, and the surfaces 

are circular) that affect only the slope or both slope and base land; 
V sliding on pre-existing surfaces, when sliding occurs the most often through translation. 

 In the first case, the sliding surface is formed in areas where the rock strength is minimal, and in 
the second case, the reduced strength of the rock is due to the geological structure (contact 
surface between the layers, sedimentation discontinuities, faults, contact surfaces between the 
piles and base land etc.). 
 

 2.2 Research on dumps stability using classical methods 
 

 The classical methods for stability analysis accept a circular sliding surface, and the sliding 
prism is divided into vertical strips. Slope stability is analyzed assuming limit equilibrium between 
active and passive forces (figure 2.5), and finally the position of the critical slip surface, to which 
corresponds the minimum value of the stability factor, is determined.  
 

 
Figure 2.5 Forces acting on a slice 
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 Numerical solution of the stability factor is given after Fellenius [B.17] assuming that the forces 
which occur at the boundary between tow strips (Ei and Xi) are null, by the expression: 
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 Janbuôs simplified method [B.32] takes into account the shearing forces and uses a correction 
coefficient that depends on the type of rocks. The stability factor is given by the relation: 
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where Ni is given by: 
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 Bishopôs method [B.5, B.6] neglects the shear forces between the strips and considers an 
arbitrary position for the resultants of the normal forces. This method is particularly recommended 
for circular slip surfaces. The stability factor is given by the relation:  
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where m is determined by: 
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 For Janbu and Bishop methods [B.5], [B.6],[B.32], the equations are solved by successive 
approximations, starting from an initial value for F and iterations until the calculated value coincides 
with the initial one. Signification of notations in formulas: 
 
Wi ï stripôs weight;      n ï number of considered strips; 
Ni ï normal component of the force of gravity;  bi ï strip width; 
Ti ï tangential component of the force of gravity;  ci ï rockôs cohesion along the strip; 
Ei ï horizontal forces transmitted to neighboring strips; űi ï angle of internal friction; 
Xi ï vertical forces between neighboring strips;  Ŭi ï inclination of the strip; 
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Cariera 

RoĸiuŞa 

ui ï neutral pressure along the strip;    li ï length of the strip. 
 
 Although Fellenius method neglects the forces that occur between the strips, is the simplest 
method of determining the stability factor. This method leads to reduced values for the stability 
coefficient and is not recommended for slopes with small inclination and high water pressure. 
Bishopôs method is applicable only for circular sliding surfaces and satisfies the overall conditions 
for vertical equilibrium of force moments. Janbuôs method is based on the balance of forces, is 
more flexible, and leads to lower values for the stability coefficient than those calculated with 
Bishopôs method [B.1]. 

 

 2.2.1 Rogoazelor Valley waste dump ï RoĸiuŞa open pit 
 

 The rocks dump Rogoazelor Valley is located north of Roĸiuta open pit, in the valley of the 
same name. It was put into service in 1985, access to dump being provided by 67 Tg DN. Jiu - 
Drobeta Tr Severin. The dump occupies the superior area of the valley, which mostly was covered 
with forests, which has ensured a high degree of stability. Subsequently, the clearing of forests 
caused the reduction of the stability of slopes. Morphological, Rogoazelor Valley is a broad valley 
which collects more creeks (figure 2.6).  
 From start of rocks storage until the standstill of the activities, occurred more geo-mining 
negative phenomena, of which mentions the three sliding which set in motion important volumes of 
rocks, produced in the years 2001, 2004 and 2006 (figure 2.7) [A.10], [A.13]. 
 The dump operated until 2006, when it was affected by a major landslide and the depositing 
activity was stopped. Between 1985 and 2006, in this dump were stored approx. 51 million m3, in 6 
- 8 steps with a total height of 120 meters and a slope angles between 4 - 8Á. 
 The landslide from 2001 occurred along the main valley, over a length of approx. 1000 m, 
affecting a surface of 26 hectares. The causes of this landslide are related to the presence of water 
in the dumps body, being identified as ways of penetration of water into the dump the twinning 
areas of the dump with natural slopes, springs from the dump foundation and water accumulations 
in uneven areas after significant rainfall. 

 
 
 

 
 
 
 

  
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.6 Location of Rogoazelor Valley dump 
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Figure 2.7 Landslides affecting Rogoazelor Valley dump ï RoĸiuŞa open pit 

 
 As measures taken to reduce the effect of water on stability, are mentioned: that execution of 
contour channels for isolating the final surface of the dump from surface water inflow; works for 
handling and transfer of surface water from upstream areas towards downstream areas of the 
dump; water drainage works on provisional and final surfaces of the waste dump, and works to 
lower the piezometric level into the dumps body (horizontal drains and drainage wells); scarifying 
works to achieve cooperation between the deposited material and the base terrain; leveling and 
compacting works for the steps, slopes and final surfaces. 
 After this landslide, in the dump Rogoazelor Valley continued rocks storage, executing in 
parallel works to improve the conditions of stability. consolidation of the area at the foot of the 
dump by running a spur of land and a support wall made of cased columns of 508 mm diameter, 
17 m long, 3 m represent column stretching from the ground surface; six boreholes will be 
executed hydro observation to monitor water levels in the dumps body and its evacuation by 
pumping; systematic leveling of depositions and compliance with designed geometric elements. 
 The landslide from May 2004 had a less magnitude than in 2001, affecting approx. 9.5 ha from 
the dump area. The effects of this sliding were eliminated through the leveling and planning with 
classic machines. Simultaneously, continued works to ensure the dump stability and have been 
executed since 6 drillings for water level observation. Until the next landslide, deformations that 
could indicate instability phenomena were not observed (fissures, cracks, subsidence or 
displacement of drilling). 

The landslide from February 2006 occurred under conditions of abundant and long-term rainfall 
(maximum values 56 mm in 24 h). As a result, occurred a major landslide, affecting an area of 17.6 
ha (figure 2.7). Immediately after the landslide, tried to stop its development trough interventions 
with classic machines, but heavy rainfall did not allow the necessary works, so that the water from 
rainfall infiltrated into dump, sliding speed reaching some tens of meters per day, in the direction of 
valley axis. The rocks dump movement continued until April, when it was reactivated and the 
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landslide from September 2001, and at the beginning of May was exceeded the support wall from 
basis of the dump, and has been destroyed and blocked road DN67.  

The landslide was extended to approx. 600 m wide and 2,200 m long, and the area affected 
reached approximately 75 hectares. Given the volume of involved material, of the difference 
between break and failure quota, of appearance and position of break surface, it is assumed that 
the failure surface affected the dumps background too. This large landslide led to the suspension 
of depositing works in the dump. 
 

 2.2.1.1 Characterization of stored material 
 

 The structure of rocks from dumps is dependent on the structure of geological formations of the 
overburden [A.10], [A.13]. The weight of the different geological formation in the overburden is as 
follows: 

- very cohesive rocks (loam and shale) ï 10.4%; 
- cohesive rocks (clay) ï 69.4%; 
- less cohesive rocks (clay and dust, clay and sand) ï 20.2%. 

 In most cases it is a non-homogenous mixture of rocks and this heterogeneity can occur either 
along the steps or in their direction, and the structure of each step. Therefore given the 
heterogeneity of stored material, plus variations in the granulometry of excavated material or 
variations in moisture of rocks from the overburden, especially during periods of heavy rainfall, the 
behavior of the deposited material is totally uncontrollable. There have been identified areas in the 
dumps body with a high degree of loosen rocks, but also more compact areas, with high 
compaction factor. 
 The first areas are prone to uneven compaction and easy infiltration of precipitation water that 
contributes to changes regarding the states of consistency of rocks, and even worse, the formation 
of aquifers zones where the manifestation of pore water pressure is possible and even the 
occurrence of a hydrodynamic pressure. 
 In areas with better compaction, especially in the presence of clays, the presence of physically 
bound water was found (absorbed or adsorbed), which does not generate hydrostatic or 
hydrodynamic pressure, but modifies the strength characteristics of rocks, and sometimes those 
rocks no longer correspond to tension conditions. Those areas are of plastic failure, and plastic 
failures are the preceding phases of landslides. 
 

 2.2.1.2 Geotechnical and hydrogeological characteristics of the deposited rocks 

 

 For the study of geotechnical characteristics of the deposited rocks, three drillings were 
executed, whose location focused on the directions of landslides [A.21]. Drilling depth was 
dependent on the execution possibilities, being generally up to 20 m. These depths did not allow 
sampling the entire height of the dump or to take samples from the foundation. Samples were 
taken in nozzles and they ware targeted on highlighting the different mixtures of rocks from the 
dumps structure. 
 For each drill there were collected 3 to 5 nozzles, to which were added 1-3 disturbed samples. 
Determination of physical and mechanical characteristics was performed in accordance with the 
STAS-es in force, using appropriate and metrologically checked equipment for this purpose. Thus, 
the determined characteristics were: porosity, moisture content, volumetric density and strength 
characteristics of the material collected in the three drills. Geotechnical research results performed 
in the laboratory are shown in table. 2.1.  
In terms of grain size and even lithologicaly, the mixture of deposited rocks reflects the composition 
of rocks from the overburden, with a high percentage of particles below 0.05 mm, which shows a 
structure predominantly pelitic where it was found the presence of physically linked water. 
 Samples humidity is high, which is explained by high water retention capacity of clayey rocks 
and through frequent rainfall during the period when the drillings were executed (Nov. - Dec. 2007). 
 The specific density has a restricted domain of variation, reflecting a fairly high homogeneity of 
the material terms of structure and even in terms of compaction. Lower values are found for the 
sandy samples (dusty sands) characterized by low humidity. The porosity of deposited rocks (n) is 
between 42-48% and indicates a high water storage capacity and the pore index, Ů = 0.73 to 0.93, 
shows moderate compactions. 
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Table 2.1 Physical and mechanical characteristics of the deposited material 
 

 
 Filtration and permeability coefficients determined in the laboratory show that the clayey rocks 
are poorly permeable and they have a high water retention capacity. Filtration coefficient values for 
loamy or silty rocks ranges from 2.4 Ā 10-5 and 1.045 Ā 10-2 cm/s for Rogoazelor Valley dump. For 
clayey or dusty sands, the determined values were somewhat higher but still low (kf = 5.4 Ā 10-3 
cm/s), so the rocks can be classified as poorly permeable rocks, leading to the conclusion that any 
drainage works using vertical drillings are ineffective, both as flows and as extensions of 
depression areas. 
 The physical characteristics of deposited rocks waste and their nature indicate that the identified 
rocks are prone to liquefaction and thixotropic phenomena. 
Shear resistances (plan on plan) of samples taken from drillings have low values and they depend 
on the lithological nature of the sample and the humidity of the material. Argillaceous rocks 
cohesion varies between 13 - 41 kN/m2 and internal friction angle between 10 - 22Ü. The limits of 
variation of these characteristics reflect their dependence on rocks consistency, degree of 
consolidation and the presence of absorbed or adsorbed water in the structure of deposited rocks. 
 The different values of cohesion and internal friction angle within the same drill and especially 
the presence of low values for certain intervals demonstrates on the one hand, the structural 
heterogeneity of the material and, on the other hand, the presence of areas of weakness where the 
occurrence of tension states can cause irreversible deformation of the deposited rocks. These 
areas can be defined as areas of plastic failure of clayey rocks under the influence of the materials 
weight. Avoiding the formation of such areas into the dumps body can only be achieved through a 
rigorous management of the depositing process, to ensure uniformity and better compaction in 
order to be consolidated over time. Current measurements of the physical and mechanical 
characteristics of rocks confirm and supplement the tests carried out previously and determination 
of permeability provides knowledge on rocks behavior under the presence of gravitational water in 
their structure. 
 

 2.2.1.3 The stability of individual steps  
 

 Stability analyzes focused on verifying the stability conditions of dumps individual steps, for the 
designed and achieved geometry, taking into account the influence of pore water on the stability 

Drill depth 
 

Porosity 
n 

Moisture 
w 

Volumetric 
density 
ɔv 

Shearing strength 

Cohesion 
c 

Internal friction 
angle 
ű 

m % % kN/m
3
 kN/m

2
 degree 

Drill no. 1 

0-3.0 48.37 34.69 18.15 14 16 

4.50-5.30 44.79 31.42 18.32 13 17 

7.0-8.0 44.65 27.64 18.93 18 18 

8.50-11 44.04 26.09 18.98 21 19 

11-15.3 42.33 25.05 18.88 31 16 

15.3-20 42.27 23.68 19.37 20 17 

Drill no. 2 

0-1.30 48.04 26.40 18.85 37 14 

1.30-5.3 48.19 32.76 18.06 29 10 

5.3-9.0 45.78 29.94 18.83 28 14 

9.0-17.7 45.70 27.71 18.55 26 18 

17.7-20 44.93 26.14 18.58 20 22 

Drill no. 3 

0-5.6 43.14 27.40 19.10 30 22 

5.6-9.0 42.90 16.50 17.80 39 19 

9.0-16.4 45.38 26.92 18.64 41 21 

16.4-21 42.51 25.68 19.00 32 18 
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and the establishment of geometric elements that ensure stability [A.21]. For stability analysis there 
have been taken into account the following elements: 
 
 - nature of the rocks stored in the dumps; 
 - geotechnical characteristics of the rocks; 
 - hydrogeological conditions;  
 - geometric parameters (height and inclination of the slopes). 
 
 For stability analyzes of individual steps, it was started from geometry provided by the designer 
and the geometry achieved in the course of dumping process (table. 2.2). 
 

Table 2.2 Geometric elements of the waste deposits of Rosiuta open pit 

Specification 
Height of 
the step h 

(m) 

Slope angle a 
(degree) 

Height of the dump 
H (m) 

General slope 

angle agen (degree) 

Designed Achieved Designed Achieved Designed Achieved 

Rogoazelor Valley 
dump 

15 26 38 140 80 6 4 

 
 One of the major problems of stability analysis, especially for waste dumps, is related to the 
choice of physical and mechanics parameters of the mixture of rocks. In order to obtain results as 
credible, the values for cohesion and internal friction angle determined in laboratory were 
statistically processed (table. 2.3) taking into account two sets of values, the minimum and the 
corresponding M-ů, so that the analysis highlights the stability issues that can arise when the 
mechanical resistance characteristics of the deposited material are altered (which is very likely, 
given the presence of water in the dumps body). 
 

Table 2.3 Results of statistical processing 

 c j 

Average 26.6 17.4 

Max. 41 22 

Min. 13 10 

Module 20 18 

Median 28 18 

Standard deviation 8.76 3.20 

M-ů 17.84 14.20 

M+ ů 35.36 20.60 

  
 The stability analyzes were performed using a specialized software in geotechnics (SLOPE 
produced by GeoStru), and the results are presented in table. 2.4 and in figures 2.8 and 2.9. 

 
Table 2.4 Stability analysis for individual steps 

  h 
(m) 

a 
(degree) 

c 
(kN/m

2
) 

ű 
(degree) 

Stability factor Fs 

Fellenius Janbu Bishop 

Designed 
geometry 

Min. values 15 26 13 10 0.83 0.96 0.89 

Values for M-ů 15 26 17 14 1.13 1.32 1.21 

Achieved 
geometry 

Min. values 15 38 13 10 0.66 0.78 0.69 

Values for M-ů 15 38 17 14 0.89 1.06 0.94 

Stable 
geometry 

Values for M-ů 15 20 17 14 1.14 1.22 1.22 

  
 In order to verify the possibility to increase the height of the dump, stability analyzes were 
performed for the current geometry as well as for the cases when the height of the dump is 
increased with one or two steps. Taking into account the height and large volume of rocks 
deposited, there were considered the minimal values of strength characteristics of rocks, also pore 
water pressure was taken into account, the results are presented in table. 2.5 respectively in figure 
2.10. 



 Dr.Eng. Maria Lazar                                                                                                         Habilitation thesis
                     

32 

 

 

 
Figure 2.8 Stability analyzes for the designed geometry 

  
Figure 2.9 Stability analyzes for the achieved geometry 

 
Table 2.5 Stability analyzes results for the entire dump 

 
h 

(m) 
a 

(degree) 

c 
(kN/m

2
) 

ű 
(degree) 

Stability factor Fs 

Fellenius Janbu Bishop 

Present geometry  80 6 13 10 1.41 1.73 1.53 

Height increase by 
1 step  

95 6 13 10 1.39 1.73 1.56 

Height increase by 
2 steps 

110 6 13 10 1.33 1.66 1.49 
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Figure 2.10 Stability analyzes for the increased height of the dump 

  
 From the results of the stability analyses performed the following conclusions can be draw: 
V when minimum values of mechanical resistance characteristics of rocks are achieved 

(which generally occur during periods of heavy rainfall or during periods of snow melt), the 
individual steps of the dump with the designed geometry become unstable. 

V the achieved geometry of the steps is disadvantageous in terms of stability for minimum 
values of cohesion and internal friction angle, stability factors having values of around 0.66 
to 0.78. The existence of a certain degree of stability of the steps is explained by the fact 
that such areas have local expansion and strength properties of the rocks can change, 
depending on the presence of water in the dump. 

V taking into account the natural slope angle of the deposited rocks and the depositing 
technology is efficient to maintain a slope angle with a higher value. For keeping a slope 
angle of 35 - 38Ü and ensuring a reserve of stability of 10 - 15% (sufficient for individual 
steps, as they last for relatively small periods in one place), the strength characteristics of 
the mixture of rocks must be maintained at higher values, respectively c = 20 kN/m2 and ű 
= 14Ü. Such values are characteristic for the rocks and they can be kept under specific 
measures on preventing the ingress of water into the dumps body (compaction, leveling), in 
conjunction with measures to monitor the water level. 

V geometric elements that provide stability for individual steps of the dump, even at inferior 
values of physical and mechanical characteristics are h = 15 m, respectively Ŭ = 20Ü. 

V the critical slip surface does not delimit very high volumes of sliding mass, but slips of 
individual steps can generate static and dynamic efforts that can change the balance of the 
whole system of steps. 

V after the last landslide produced in 2006 and after leveling works executed, the dump was 
stabilized. If the height is increased it maintains its stability. What can be seen from stability 
analyses carried out, it is that a deterioration of the strength characteristics of the rocks 
may cause a slip of the dump at the top, in which case the sliding surface affects almost the 
entire height of the dump. 


