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Abstract. The information system of the mining fund is a subsystem of the general cadastre through which we achieve the inventory and the systematic record of real estate belonging to the mining fund in Romania quantitatively, qualitatively, and legally, their representation on cadastral plans and the supply of elements necessary for the general cadastre, registration in the Land Registry and registration of the real estate in the mining registry. The objective of these specialty registrations is both real estate on the surface of prospection areas and/or of exploitation (lands within prospection or surface exploitation perimeters, administrative, social, and technological constructions, carrier belts, ore deposits, access and transportation roads, safety and protection areas, access ways to underground exploitation, etc.) and real estate located in safety and protection areas above underground exploitation. Their goal is to present a database of the mining information system for the documentation necessary for real estate publicity and registration in the mining registry, as well as supplying to the general cadastre all elements regarding the quantitative, qualitative, and legal changes on the real estate belonging to the mining fund. 
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INTRODUCTION
Geographic Information Systems (GIS) have been developed to process data referring to an object through geographical location and having a set of associated attributes (descriptive data) grouped into databases. In short, GIS supplies digital information about objects from the real world, objects identified through their geographical position (Herbei, 2015).  

There is interconditionality between the spatial representation of the objects and their descriptive data: any unique object identified in the space has a set of attributes in the database, and each registration in the database belongs to a unique object defined by geographical spatial data.

GIS have the following features (Herbei, 2009): 

· They manage a geographical space in which also operates the Fundamental Law of Geography (all things resemble each other, but closer things resemble more than remote ones); consequently, there is spatial relationship between objects;

· Objects are located in that space using a reference system (geographical coordinates);

· There can be logical, functional (topology) connexions (overlapping, intersection, jointure, etc.);

· They can manage temporal information;

· They can manage attributes not related to the geographical position (technical features, legal state, etc.).

To develop a functional GIS, we need the following:

· Equipment (hardware);

· Programmes (software);

· Entry data (information);

· Methods and procedures (system analysis);

· Specialists (to design the system, to populate the system with necessary geospatial data, and to use them).

A mining cadastre is a specialty cadastre in the field of mining, a sub-system of registration and systematic inventory of real estate in mining (lands, buildings, surface and underground equipment) – technically, economically and legally – correlated with other works necessary for the registration in the technical documents of the general cadastre and in the documents of real estate publicity in mining. 

The following notions and technical terms are specific to mining cadastre: 

· A mining registry – a component of extractive cadastre covering all the data regarding the legal regime of areas within the prospection, exploration, and exploitation perimeter, ownership and topographic situation of the works related to mining activities, mineral and production resources;

· A topographic general plan – a graphic representation at a lower scale than that of a cadastral plan, containing the entire area of the administrative territory as a result of the generalisation of the content elements of the topographic plan; 

· A mining projection plan – the plan tangent to the reference surface in point “0” (the projection of a point located about the centre of the mining basin; 

· A reference surface in the mining system – the surface of the quota “zm” equal to the mean ensemble quota of the mining works; 

· A point of origin and a reference direction that have elements in common with the state geodesic network; 

· A stratum – a logical group of data that can be assimilated to transparent sheets overlapping a drawing.

MATERIAL AND METHOD
Legal framework of the Mining Fund Cadastre
The following are at the basis of works in mining:

· Mine Law no. 85/2003, published in the Monitorul Oficial no. 197 from March 27, 2003;

· Government’s Decision no. 1208 from October 14, 2003 regarding the acknowledgement of the Norms for the enforcement of the Mine Law No. 85/2003;

· Government’s Decision no. 368/1999 regarding the reorganisation of the National Agency for Mineral Resources;

· Order of the President of the National Agency for Mineral Resources no. 93/1998 for the approval of the technical instructions regarding the unitary enforcement of the Law no. 611/1998;

· Technical instructions regarding the details and development of the Mining Registry and Mining Cadastre;

· Methodology for the introduction of mining cadastre.

RESULTS AND DISCUSSION
Information system in mining cadastre
The mining cadastre ensures the registration of graphic and analytic documents regarding a certain exploitation perimeter (Dima et al., 2005).

The grounds for establishing cadastral monitoring are the topographic documents regarding the identification and marking of the parcels and their corresponding uses, as well as all documents regarding the land ownership title. The Mining Cadastre Registry records the lands that are introduced into or removed from prospection, exploration, or exploitation units.

Are inventoried all cadastral, topographic, and mapping works totally or partially describing constructions, improvements, and real estate, as well as all works by third parties or other economic agents for the unit. This inventory covers situation plans at different scales and at different stages of development of the real estate, the sketches used in designing the objective or on whose basis they got licences from the local or central administration, sketches and maps from the technical book of the construction, etc. all these are mentioned in the MINING REGISTRY of the mining exploitation.

The inventory contains the following: 

· The mining unit;

· The complex of surface and underground works;

· The real estate, its address and destination;

· Estimate area;

· Legal papers or deeds of attribution: source, number, date, form (original/copy), area;

· Use categories of the lands covering underground works from safety and protection spaces;

· Information supplied by A.N.C.P.I. and D.U.A.T showing the technical elements regarding the real estate and recorded in the technical cadastre registry;

· Information provided by the Land Registry (if any) containing legal data on the real estate;

· Information on topographic and cadastral plans of the real estate.

Estimates of the works necessary in the areas for which there is no topographic plan or cadastral works

To identify and delineate, we need:

· A minute of land identification between the representative of the mining unit and the source, describing the location;

· A sketch of the location;

· For each neighbour, we need the following: name of physical or legal neighbour, and neighbourhood sketch mentioning all breaking points (their numbers will be painted on the enclosure or marked with landmarks);

· For each enclosure breaking point and for the landmarks, we need topographic descriptions and spotting sketches;

· A neighbourhood minute between the mining unit and each neighbour;

· The support and survey geodesic network need to measure in the field starting from the state geodesic network and, depending on necessity, it will be thickened; these points will meet the following conditions:

· Ensuring minimum density of network points, i.e. 1 point per 5 ha;

· Mean error in determining planimetric coordinates is ±5cm (when treated as free network) but asking local accuracy increase can be asked;

· Coordinates X, Y are determined in STEREOGRAFIC 1970 projection and reference;

· The points of the altimetric network will be common with those of the planimetric network; point altitude is determined in the Marea Neagră 1975 quota system;

· An accuracy of ±10cm in the determination of the quota depending on other necessities of the beneficiary;

· Network points are materialised in milestones and landmarks according to current standards; to be identified through spotting scheme (Dima, 2005);

· If the equipment within the objective are monitored with geodesic methods, the points of the monitoring network will be integrated into the survey network to make up cadastral documents or vice versa.

Planimetric details will be determined in the field with a precision of ±10cm to the geodesic support network; an increase of the precision can be asked in case the documentation is used for other purposes as well (Dima, 1999).

Topographic survey will produce the coordinates of the points shaping the precinct. The area of the precinct is calculated depending on these coordinates. Then from the survey details will result coordinates (shaping the constructions, storages, platforms) with which we calculate their area per categories so that they circumscribe the total area of the precinct.

As for the quarries, we need to observe the rule of introducing specialise mining cadastre in cooperation with special cadastres of waters, forests, environment, depending on the case.

For preparations, we introduce elements of real estate cadastre and the cadastre of the city: for networks, underground and surface pipes we observe the current regulations.

The digital topographic plan needs to be structured per layers, and managed by a GIS platform. 

The topographic plan needs to have the following layers:

· Layer 1 – triangulation points used;

· Layer 2 – survey network points;

· Layer 3 – list of legal documents proving the ownership or administration right on the real estate;

· Layer 4 – the symbol marking the position of the point removed;

· Layer 5 – the number of the removed point;

· Layer 6 – the quota of the removed point;

· Layer 7 – the limit of the precinct;

· Layer 8 – the vegetation;

· Layer 9 – the hydrography,

· Layer 10 – the routes;

· Layer11 – the technological platforms;

· Layer 12 – surface and underground constructions; 

· Layer 13 – conduits, galleries, underground technological tunnels;

· Layer 14 – improvements;

· Layer 15 – surface networks;

· Layer 16 underground networks;

· Layer 17 – storage units in the open;

· Layer 18 – primary circuit in electricity and transformation station;

· Layer 19 – railways;

· Layer 20 – cadastral numbering;

· Layer 21 – land parcels (allotted fund) in the influence area of the mining objective (dominant fund) as well as in the servitude area;

· Layer 22 – delimitation from neighbouring land parcels with mention of the owners.

For each type of network (electricity, gas, water, steam, phone, etc.), we need a layer of arcs and knots to describe each network route. The number of layers can be diminished or increased depending on requirements or on field situation.

From the genera cadastre as a database we need to overtake the numbering of cadastral sectors and of the ownership bodies.

Watercourses get a single cadastral number all along, separated per intraurban and extra urban. 

The other parcels need to be noted per sector created by the crossing with other details, in the following order:

· Railways are crossed by watercourses;

· National roads are crossed by railways and watercourses;

· County roads are crossed by watercourses, railways, and national roads;

· Communal roads are crossed by watercourses, railways, national roads, and county roads;

· Exploitation roads are crossed by watercourses, railways, national roads, county roads, and communal roads.

Parcels whose areas are below 500 m2in extra urban and 200 m2 in intraurban are not numbered, including predominant close parcel.

The cadastral plan is derived from the topographic plan and it presents the parcels structured as follows:

· Free surface;

· Surface corresponding to routes;

· Surface corresponding to railways;

· Area corresponding to underground networks (water, gas, electricity, steam, etc.);

· Surface occupied by buildings;

· Surface occupied by open air storage units;

· Surface occupied by technological platforms;

· Surface occupied by hydrographic elements;

· Surface occupied by primary circuit in transformation stations;

· Surface of areas of servitude enforced by the mining objective;

· Delimitation of neighbours.

The number of these categories of surfaces can be increased or diminished depending on the field situation.

The digital cadastral plan needs to be structured per layers according to parcel criteria above, and each parcel needs to be described as a polygon. Charts need to observe the disposition and nomenclature of map sheets at the editing scale. 

The registries of the mining cadastre are:

· Cadastral registry of the mining unit;

· Cadastral registry of the ownership bodies;

· Cadastral registry of the administrative-territorial units of the mining units.

Registries are updated every day by the mining unit and by the organ coordinating cadastral activity in mining.

CONCLUSIONS
Mining topography belongs, from the perspective of operation methods, to land measurement science, being related to geodesy, cartography, general and engineering topography, cadastre, photogrammetry and tele detection, and GIS. Mining topography contributes to all works in the underground: resource exploitation, ensuring the link between different land communication means through tunnels and other underground works, underground lines, underground spaces in hydrotechnical works, underground galleries for utility main routes, for urban agglomeration, and other underground works (storage facilities, underground levels, military buildings, anti-aerial shelters, basins, socio-cultural improvements, etc.). 

Nowadays, no industrial field can make progress without information management in both activities and leadership. As a leader of world economy, the mining industry cannot be an exception in the mining business (from prospection to raw materials delivered to the processing industries). 

Applying GIS in mining is still low; though the share of mining is rather considerable – it reaches, in some states, up to70% – GIS licence selling is still below 1% of the total licences sold by the great companies ESRI and Intergraph.
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