
USE OF MllL TI-BARRIER \VATER-PROOFING SYSTEJVJ FOR THE CONSTRtJCTION OF 
UNDERGROUND \\'ASTE DEPOSITS 

USE OF MULTI-BARRIER WATER-PROOFING SYSTEM FOR THE 
CONSTRUCTION OF UNDERGROUND WASTE DEPOSITS 

Prof Or. Uros BAJZEL.l, B.Sc. (n1ining) 
Joze KORTNIK, B.Sc. (n1ining) 

UNIVERSITY OF LJUBLJANA, Faculty ofNatural and Technical Sciences 
Oeparttnent of Geotechnology and Mining, Askerceva 12, Ljubljana, SLOVENlA 

ABSTRACT 

Due to excessive burdening of the Earth's surface, a large specific population density in Slovenia 
and a negative attitude mnong the inhabitants, it is becon1ing increasingly difficult to acquire nevv 
sites for surface \vaste deposits. The den1and for the use of and depositing of \vaste n1aterials in 
underground sites has therefore increased. By depositing \vaste n1aterials into underground sites, 
their negative influence on the landscape and the Emth's surface are prevented or elin1inated, the 
Earth's surface is kept undmnaged and full protection of the deposit site fron1 attnospheric 
influences is ensured. With environtnentally friendly mining it is possible to return all waste 
n1aterials \vhich are obtained during excavation, separation, enriching and processing of n1ineral and 
energy ra\v n1aterials to excavated underground sites. By in1plen1enting the concept of tnulti-barrier 
s:y'stetns for vvaste depositing it is possible to ensure its safe deposition into underground sites. The 
preparation of \Vastc tnaterials and the technique for their deposition into underground sites should 
be adapted to the conditions in individual underground deposit sites. 

INTRODliCTION 

Large atnounts of waste n1aterials \Vhich are obtained during the excavation, separation, 
enriching and processing of tnineral ra\v tnaterials have no tnarket value and as a rule have been 
deposited in poorly organised and inexpensive surface waste deposit sites. Ho\vever, surface waste 
deposit sites occupy the Earth's surface, distort the landscape and have a negative influence on the 
cnviromnent (dust, seepage \Vaters, radon, etc.). 

The large specific population density in Slovenia, a negative attitude and n1istrust an1ong the 
inhabitants, a lack of efficient adtninistrativc and professional organisation, poor legal regulation 
and the consideration of econotnic principles present a large problen1 in the acquisition of new sites 
for surface \vaste deposits. 

The share of underground sites used for permanent deposition of \vaste tnaterials is on the 
increase, especially since the introduction of the tnulti-barrier systen1 for deposition. Hazardous and 
radioactive vvaste is deposited into abandoned salt 111ines and other n1ines; underground vvaste 
deposit sites for radioactive waste are set in n1agtnatic rock (gran.ite), \Vaste n1aterials are also used 
in active tnines as rcintorcetnent and backfilling n1aterials. Especially in coal n1ines, fly ash fron1 
thetn1al po\ver plants, heating plants and incineration plants is used as backfilling tnaterial in order 
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to tncrease the stability of underground sites and reduce the influence of n1ining \Vork on the 
surface. 

UNDERGROlJND \VASTE DEPOSIT SITES 

The La\v on Environmental Protection defines \Vaste deposit sites as places or facilities on or 
belo\v the Earth's surface \Vhich enable a safe and controlled final or ten1porary deposition of \vaste 
vvithout endangering the health of people or the quality of \Vater and air or ecological conditions 
outside the site or the landscape, \Vith the use of protective tneasurcs enabled by the best technology 
vvhich has been tested in practice. 

The follo\ving can be used as underground \Vaste deposit sites: 
• active tnines 
• abandoned rnines 
• rnines undergoing closure 
• ne\vly constructed underground waste deposit sites 

With the use of excavated underground sites in active n1ines, high construction costs can be 
avoided, but the n1ethod for their preparation and procedures for depositing \vaste n1aterials in thcn1 
n1ust be hannonised \Vith the excavation technology, vvhich additionally litnits the type of \vaste 
tnaterials suitable for deposition in active tnines. 

The advantages of depositing waste n1aterials in abandoned tnines or in rnines undergoing the 
c1osure procedure are low costs of construction of the underground \vaste deposit sites, if natural 
safety paratneters are present. 

Safe deposition of all types of \vastc tnaterials is ensured in ne\vly built underground \Vaste 
deposit sites which are usually constructed in solid rock tnass with a closed hydraulic ground \Vater 
systen1. 

Safe deposition of certain types of \Vaste tnaterials can also be ensured in fissured vvatcr­
pern1eable rock masses \Vith the use of appropriate technical and control n1easures. 

\Vaste tnaterials are deposited into underground deposit sites in order to 
• prevent or ren1ove negative influences on the landscape 
• prevent or retnove negative in tluences on the Earth's surface 
• keep the Em1h1

S surface undan1aged 
• ensure full protection fi·otn attnospheric influences 
• in1prove stability 
• elin1inate the necessity during the planning of underground \vaste deposit sites to consider the 

surrounding structures and terrain configuration on the Em·thts surface 

The preparation and itnpletnentation of a concept for depositing \Vaste n1aterials are the n1ost 
in1portant requiren1ents for ensuring safe deposition of \vaste n1atcrials into underground \Vaste 
deposit sites. The concept of deposition n1ust take into account the possibility of direct contact of 
\.vaste tnaterials with rock rnasses and ground \Vater. 
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MULTI-BARRIER SYSTEM OF \VASTE DEPOSITION 

In constructing an underground \vaste deposit site it is necessary to consider the potential danger 
of seepage \Vater and transport of pollutants into the surrounding rock n1ass or ground \Vater. V/aste 
tnatcrials therefore need to be pre-processed, a technical barrier systetn needs to be built at the site 
and the rock n1ass around the underground \vaste deposit site should be considered as a geological 
barrier systetn. 

A tnulti-banier systcn1 for the deposition of 'vVaste n1aterials con1prises the follo\ving: 
• Selection and preparation of \vaste n1aterials - tnaterial barriers 
• Selection of technical and control measures - technical barriers 
• Research of the rock n1ass in the surroundings of the underground \vaste deposit site - geological 

barriers 

A n1ulti-banier systen1 for the deposition of \Vaste n1aterials firstly means that the 'vvaste tnaterial 
itself is prepared prior to deposition, such that the pollutants are in11nobilised, secondly, that 
appropriate technical and control n1easures are used for the protection of underground sites, and 
thirdly that the underground site is located in a geologicaltnediunl \vhich does not allo'vv contact of 
possible seepage \Vater vvith ground \-Vater. In addition, there is ahvays a possibility to adopt other 
n1easurcs to collect seepage water and rehabilitate underground sites. 

A cmnbination of a technical and a geological barrier is used in the tnajority of underground 
\vaste deposit sites. One n1ust assutne the non-hotnogeneity of the rock tnass, vvhich cannot be 
studied in detail and reliably sealed. 

l\1aterial barriers 

Material barriers include the solidification of \vaste tnaterials (cetnentation, vitrification, etc.) 
and the preparation of tnixtures of \vaste n1aterials for backfilling. 

Waste 111 ateri a Is are first processed (crushed, screened, etc.) and solidified in to pieces of varying 
ditnensions \vith the use of additives (binding agents, glass, etc.). The purpose of solidification is to 
reduce the volutne of bulk \vaste. 'This can be deposited above all into underground waste deposit 
sites, abandoned tnines and mines being closed. 

The use of n1ixtures of vvaste tnaterials for backfilling is appropriate above all for deposition in 
active tnines. Mixture in the forn1 of paste enables auton1ated hydraulic transport, sitnple tnethod of 
deposition (backfilling), and since it does not contain excess \Vater \vhich \vould tlow into 
underground sites after deposition, a safe tnethod for deposition of \vaste n1aterials which does not 
pollute ground \-Vater. 

Technical barriers 

Technical baniers are widely used in the construction of tnoden1 underground \Vaste deposit 
sites. Their 1nain objective is to protect the underground \Vaste deposit sites fron1 ground \Vater and 
to prevent the outflow of any seepage \Vater into the surrounding rock 111ass or ground \Vater. 
Technical baniers comprise technical and controltneasurcs. 

Technicaltneasurcs comprise the packaging of waste n1aterials into suitable barrels, containers, 
bags, etc., and the protection of the walls of the underground \Vaste deposit site with hydroisolation 
plasters, foils n1ade of synthetic n1aterials, etc. Packaging enables the isolation of \vaste n1atcrials 
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for a certain period, sitnple recording, transport, ten1porary storage and final deposition. In order to 
achieve the desired period of isolation of \Vaste n1atcrials, n1atcrials \Vith the desired tncchanical 
strength and resistance to different influences need to be used. 

Control n1easurcs include visual and auton1atic detection of negative influences on the 
environn1ent, such as are the production of systen1s for the collection of seepage \Vater, additional 
sealing of the area of the underground ·waste deposit site and rehabilitation tneasures. 

Geological barriers 

Geological barriers n1ust reduce or prevent the flovv of ground \Vater as the tnain potential carrier 
of pollutants. The geological barriers \vhich detennine the safety of an underground \vaste deposit 
site can be divided into the following groups of probletns: 
• Size and structure of the geological forn1ation 
• Lithological con1position of the rock tnass 
• Hydrogeological conditions 
• Geochen1ical properties of the rock tnass 
• Active endogenous processes 
• Dan1age to the rock tnass 
• Geotechnical conditions 

Rock n1asses suitable for the construction of underground waste deposit sites n1ust be of 
sufficient volurne to accon1n1odate the site. The n1ass tnust belong to the san1e tectonic unit \Vith the 
greatest possible constancy of structural elen1ents. The lithological con1position of the rock tnass 
conditions its hydraulic, tnechanical and geochen1ical properties. Clay and con1pact rock tnasses are 
n1ost suitable. The hydrogeological conditions in the area of the underground \Vaste deposit site 
n1ust be such that the flovv of ground \Vater is as slo\v as possible. The rock n1ass tnust have a high 
capacity for ion exchange, \vhich is above all detern1incd by its n1ineral cotnposition, organic n1atter 
content and reactions in the rock tnass. The geochetnical con1position of ground water must not 
cause the decotnposition of tnaterial, geological and technical barriers and n1ust not enhance the 
transport of pollutants. Underground vvaste deposit sites must be located outside the n1ain regional 
earthquake areas and other active tectonic phenotnena. If underground waste deposit sites are 
located in existing n1ines, the dan1age to the rock tnass, its connections \Vith nearby aquifers, karstic 
phenornena, \Vater-bem·ing faults, etc. need to be assessed. The geotechnical conditions c01nprise 
the dete1111ination of the stress state of the rock and n1echanical and physical properties of the rock 
tnass. 

ASSESSMENT OF TilE SlJITABILITY OF \V ASTE MATERIALS 

Before deciding on the tnethod of waste deposition, the location of an underground waste deposit 
site, preparation of the site and the tnethod for processing waste tnaterials, laboratory leaching tests 
need to be perfonned on 
• unprocessed waste tnaterials 
• processed waste tnaterials. 
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In order to prepare an assesstnent of the influence of deposited \vaste n1aterials on the 
environment, a group of researchers (De Groot GJ. et al, 1989) developed a standard leachate 
control test. This test con1prises several procedures which are detennined in detail in the 
recotnmendations of the International Aton1ic Energy Agency (lAEA, 1991 ). 

The study of leachate control cotnprises the study of unprocessed and processed solidified \Vaste 
materials. The standard leachate control test for unprocessed waste tnaterials cornprises the 
detem1ination of their basic properties (particle size, hutnidity content, volun1e \Veight, etc.), a test 
for total leachable atnount, and an acidity test. The standard leachate control test for processed 
tnaterials con1prises a test for total leachable an1ount and a batch test. The results of testing for total 
leachable atnount represent leaching in the event of con1plete crushing of a solidified satnple. 
Ho\vever, it can be assutned \Vith great reliability that such extretne conditions will not occur in the 
deposit site. The batch test sin1ulates the conditions which \Vould occur in the event of complete 
flooding of the site. The results of leachate control tests enable the research of the influence of 
different waste tnaterials on leaching in order to tind an appropriate "recipe" for the tnixture of 
\Vaste tnaterials and additives. 

The results of the leaching study are used as starting points for the detern1ination of the n1ethod 
of deposition, site selection, site preparation and the extent of required construction of technical 
barriers. 

SUITABILITY ASSESSMENT OF LOCA. TIONS FOR WASTE DEPOSIT SITES 

In depositing \Vaste in underground sites, the characteristics of the technical and geological 
barriers must be taken into account and all environn1ental protection requiretnents tnust be 
observed. For this purpose, the follo\"ling studies are made prior to preparing an assesstnent of the 
suitability of locations for underground \vaste deposit sites: 
• Pollutant transport 
• Geochemical properties 
• Geotechnical suitability 
• Safety tneasures 

Study of pollutant transport 

In rock n1asses, pollutants are transported via water paths. The geological and hydrogeological 
conditions in rock n1asses at underground \Vastc deposit sites and the properties of the waste 
therefore need to be well kno\vn, and the basic n1echanisn1s of pollutant transport \veil understood. 
A tnathetnatical model of pollutant transport is tnade after studying these parmneters in detail using 
analytical and nutnerical n1ethods. Such a model yields results regarding the titne variation of 
pollutant concentration in the rock tnass surrounding the underground waste deposit site. 

Study of geochemical properties 

The study of geochemical properties of waste n1aterials and the rock tnass comprises diffusion, 
precipitation, absorption, ion exchange and chetnical interactions. Geochetnical properties can be 
studied on the basis of a known con1posite of solidified waste tnatcrials, the results of leachate 
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control tests and known chemical and physical properties of the rock n1ass into which the pollutants 
will be spreading. Long-term events in the rock tnass can be sitnulated with different scenarios) 
even in the case of cmnplete subtnerging of deposited tnaterials. 

Study of geotechnical suitability 

The study of the geotechnical suitability of an underground waste deposit site includes all 
tnaterials which were selected \Vith regard to its location) available volun1e, isolation and 
hydrogeological conditions. The construction of the site and selection of appropriate technology 
depend on ditTerent factors such as depth, 1nechanical properties, geotechnical conditions and 
various technological requirements. These factors and the fact that the distribution of stresses and 
strains in the surroundings of an underground waste deposit site vary during its construction n1ake it 
necessary to ascertain the geotechnical suitability of the site. The assessn1ent tnethodology is sitnilar 
to that used in the planing of underground sites in active tnines. 

Study of safety measures 

Technical solutions are required in order not to expose en1ployees to chen1ical and physical 
geotoxins at underground \Vaste deposit sites. Appropriate technical measures should also be in 
place to ensure fire safety at the site. 

I. 'MONO' pump 
2. Electromotor 
3. Mixer 
4. Pipeline 
5. Pressure meter 

/ 
/ 

!t_ . .r 

6. Density meter 
7. Flow meter 
8. Temperature meter 
9. Bridge amplifier 
10. AID converter 
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Figure 1.: Scheme of tube viscon1eter. 

456 

11. PC486/66MHz: MS-DOS, ADC 
12. Printer 
13. Valve 
14. Compensator 
15. Frequency regulator 

\ .•. 

\ 
\ . ..L 

\ ' \ 
\ \ .. 

... \ I. 
13 I! \,-4 \l 

INTERNATIONAL MINE WATER ASSOCIATION 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



USE OF JVIULTI-BARRIER WATER-PROOFING SYSTEJVI FOR THE CONSTRUCTION OF 
UNDERGROUND \VASTE DEPOSITS 

TRANSPORT OF WASTE MATERIALS 

The transpor1 of \vaste n1aterials into underground \Vaste deposit sites in active n1ines and in 
n1ines being closed can be perfonned using the existing n1eans of transport or those which are 
dictated by the preparation process or the technological excavation process (study of transport 
characteristics). In the case of filling of excavated sites in active 1nincs in \Vhich large an1ounts of 
\vaste rnaterials are needed in order not to disturb the technological excavation process, pneun1atic 
or hydraulic transport are usually selected. 

For determination of the basic hydraulic transport characteristics \Ve use ball viscon1eter and tube 
viscon1eter (both produced in-house). Ball viscometer functions on the basis of the measuren1ent of 
force on a ball as it travels through a paste column (Figure 2.). Tube viscorneter functions on the 
basis of the 1neasuren1ents pressure, density and velocity of tlo\v in tin1e \vhen pasta travels through 
a pipe (Figure 1." 
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Figure 2.: Dynatnic viscosity of paste as function of time (ball viscometer). 

Hydraulic transport enables full automation of transport fron1 the surface directly to the site in 
the n1ine v.rherc the \Vaste n1aterials are to be deposited. In the event of abandoned or ne,vly built 
deposit sites, the transport system is selected with regard to the planned technology for the 
deposition of waste tnaterials into the underground \Vaste deposit site. 

TWO PRACTICAL EXAMPLES OF WASTE DEPOSITION 

Two practical exatnples of the use of underground sites for the deposition of waste tnaterials are 
presented below: 
• Vel~nje Coal Mine 
• Mezica Zinc and Lead Mine 
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The Velenje Coal Mine is an exan1ple of deposition of \vaste tnaterials in excavated sites in an 
active tnine, \Vhich has enabled the introduction of an ecologically-technologically closed circle 
with both environtnental and econon1ic advantages. 

The Mezica Zinc and Lead Mine is an exan1ple of deposition of vvaste n1aterials in a n1ine which 
is being closed. 

Velenje Coal Mine 

During the production of electrical energy \Vithin the technological circle of the Velenje Coal 
Mine - Sostanj Thennal Po\ver Plant (STPP), waste materials are produced \vhich can be used for 
backfilling, solidification and sealing of excavated sites in the Velenje Coal Mine. The use of \vaste 
tnaterials for backfil1ing in the Velenje Coal Mine has resulted in reduced sinking of the Em1h's 
surface and a step fonvard towards environn1cntally friendly n1ining in the Saleska valley. 
A ne\v n1ethod of excavation con1bined \Vith backfilling is being introduced at the Velenje Coal 
Mine (Figure 3.). This n1ethod has both advantages and disadvantages in con1parison with the 
fonnerly established tnethod of excavation and collapsing the roof. Its advantages are a lo\ver 
degree of burdening of the visible environn1ent, reduction of surface dmnage, increased stability of 
underground sites, reduction of n1aintenance costs and tnining dan1agc at the sites, etc. Its 
disadvantages are above all increased costs of excavation and additional costs of prelin1inary 
research on the influence on the environtnent of backfilling \Vith a n1ixture of vvaste n1aterials. The 
econon1ical evaluation of the tnethod's advantages and disadvantages sho\vs the total cost reduction. 

Figure 3.: New Velenje tninig n1ethod combined with back filing. 

The tnixture for the preparation of a paste for backfilling in the Velenje Coal Mine consists of: 
- Waste rnaterials: 
• Fly ash frotn the STPP v 

• Gypsum as a product of desulphurisation of flue gases at the STPP 
• Red tnud of the Talun1 factory for the processing of bauxite 
• Waste enamel fron1 Gorenjc 
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• Galvanic sludge fron1 Gorenje 

- Additives for solidification: 
• Cen1ent 
• Hydrated lime 

- Other additives: 
• Bentonite 
• Retarder C 

For transport over a distance of l to 3 ktn, the paste tnust be stable and its pressure gradient in 
putnping n1ust be as lo\v as possible. The stability and dynan1ic viscosity of the paste \Vas tneasured 
by a ball viscotncter. Pressure gradient tneasuren1ents \vere taken in a tube viscon1cter between 
pressure cells at a known distance. The necessary initial pressure \Vas also n1easured. Uniaxial 
cotnpressive strength was detern1ined on paste san1ples after 3, 7~ 8 and 60 days. Its n1agnitude 
depended above all on the an1ount of additives. 

The standard leachate control test (IAEA, 1991) was perfonned for individual paste recipes. The 
test cotnprised the detennination of the basic properties of individual types of unprocessed waste 
tnaterials, an acidity test and the detern1ination of the total an1ount of leachable substances, and a 
batch test for solidified paste. The results of the standard leachate control test served for the study of 
the influence of individual waste n1aterials and additives on leaching in order to find the appropriate 
recipe for the paste. 

aditives 

fly ash 

lime 

surface 
-- -- ·~ .. -- -- ---~-·-· ~- -- --·-- -·· ~~ ~~ -- ----~ -- ~- -~ ~- -- -- -6·-~·~~·~-·----

underground 

Figure 4.: Scheme of preparation, transport and backfilling of paste. 

INTERNATIONAL MINE WATER ASSOCIATION 459 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



U. BAJZELJ & J. KORTNIK 

Extensive prelitninary laboratory research at the Chair of Technical Mining and Gcotechnology, 
Faculty of Natural Sciences, University of Ljubljana enabled the preparation of appropriate recipes 
for the tnixture of \Vaste n1aterials for the preparation of paste. The physical, chetnical and 
tnechanical propet1ies of individual types of waste tnaterials and the solidified paste \verc also 
detennined. In order to cotnply vvith environn1ental requiretnents, certain additives which prevent 
the negative intluence of the paste on the environtnent were used for its preparation. 

The procedure for the preparation, transport and backfilling of the old part of the excavated area 
is described belo\v (Figure 4.); due to relatively large an1ounts of required \vaste n1aterials, the paste 
is prepared \Vith an autmnated n1ixer on the surface near the Skate shaft. It is then transported using 
pun1ps, i.e. hydraulically (continuously) to the excavated site. The paste is injected through tubes 
into the old part of the excavated site. Injection takes place through only one tube at a tin1e and is 
repeated cyclically as the excavation progresses. The entire process for the preparation and transport 
of paste is n1anaged and controlled by the process con1puter, through which the paratneters of filling 
can be tnonitored (the use of individual types of \vaste 1naterials, total mnount of injected paste, 
amount of paste injected into individual injection tubes, etc.). 

During and after filling, regular periodic etnission n1onitoring of ground \Vater is perforn1ed 
using 1nine piezotneters in the vicinity of the old excavated part fi11ed \Vith paste. 

Mezica Zinc and Lead l\1inc 

In Jnetallurgical procedures in the Mezica Mine - n1etallurgy, plastics production and engineering 
(MPI), n1etallurgical waste tnaterials arc produced: slag, fireproof brick and synthetic 1naterials, the 
reuse and processing of\vhich is not possible, and they need to be deposited at the site. The existing 
surface \vaste deposit site at Glancnik \viii be full by the end of 1997, and the tnine has therefore 
prepared an outline project for a long-tenn solution for depositing n1etallurgical \vaste n1aterials by 
constructing an underground vvaste deposit site in the Mezica Zinc and Lead Mine (MZLM). The 
MZLM is undergoing the procedure for closure with a developed n1ine infi·astructure \vhich can be 
used for depositing \Vaste tnatcrials. It is planned that these will be deposited into newly excavated 
underground sites (silos). 

In order to prepare the underground \Vaste deposit site appropriately and to be able to select the 
n1ethod for its processing and deposition, the standard leachate control test \Vas perforn1ed on 
unprocessed waste tnaterials coated with cen1ent tnilk, on \vaste n1aterials solidified \vith the use of 
ce1nent, and on solidified vvaste 111aterials coated with synthetic n1aterials. The tests and detailed 
analysis of n1etallurgical waste tnaterials \vere perforn1ed at the laboratory of the Chair for 
Technical Mining and Geotechnology, Faculty of Natural Sciences, University of Ljubljana. The 
standard leachate control test cotnprised the detennination of the basic properties of individual 
types of unprocessed \Vaste n1aterials, an acidity test, detennination of the total leachable mnount 
and a batch test for solidified \Vaste rnaterials. The final evaluation of the smntnary of results of the 
standard leachate control test sho,ved that n1etallurgical \vaste n1aterials covered \vith cen1ent tnilk 
are suitable for deposition into underground sites \Vith the use of technical n1easures for their 
protection fron1 ground \Vater. 

The suitability of the location of underground sites in the MZLM for use as \vastc deposit sites 
was assessed according to the following criteria: 
• sites n1ust be located above the level \Vhich enables the drainage of n1inc \Vater into the Meza 

nver 
• the area tnust have favourable geological and hydrogeological conditions \Vith \vater-

impenneable layers in the hanging wall 
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• the area tnust be stable and n1ust have favourable geon1echanical properties of the hanging wall 
• control and collection of seepage water tnust be possible underneath the underground site 
• the lowest point of the underground site n1ltst be at least 4 111 bclo\v the level fron1 \vhich the 

control and collection of seepage water is possible 
• the roon1s n1ust be large and their \valls steep enough to enable gravitation deposition 
• access to the underground site should not require tnajor interventions 
• all other activities in the vicinity of the underground deposit site should be taken into account, 

should they be disturbed by the deposition of \vaste n1aterials 
• all possible problen1s \Vhich could occur during the ventilation of the underground site should be 

taken into account 

After revie\ving several possible locations at the MZLM, the Graben district was selected as the 
tnost suitable. 

ln constructing the underground site in the MZLM, a tnulti-barrier systen1 \Viii be used for 
depositing \vaste n1aterials. Synthetic substances \viii be deposited in separate silos, a\vay frotn the 
slag and fireproof brick. The first barrier \Viii be tnadc by tnetallurgical \vastc n1aterials poured with 
cetnent n1ilk. This \viii rnostly itntnobilise the pollutants. Technical tneasure.s will serve as the 
second barrier: hydroisolation protection of the \valls of the underground site, ,,,..hich \vill reduce the 
possibility of flo\v of seepage \Vater fron1 the site into the surrounding rock n1ass, as \veil as intlo\v 
of ground \Vater or surface \Vater into the site. The third barrier is fon11ed by the rock n1ass 
surrounding the site: the site is located in con1pact and con1pact bitun1inous dolon1ite. Due to the 
porosity and pen11eability of bittnninous lin1estone, additional 1neasures \vere planned to prevent 
seepage \Vater fron1 tlo\ving out: sealing of the area under the site by injections, a systetn of 
boreholes for the collection of seepage water and a systen1 for the collection of seepage water 
separately from other 1nine water into a closed circle of technological \Vater in MPI. 

The procedure for preparation, transport and deposition \Viii be perfonned in the follo,ving 
tnanner: all tnetallurgical waste n1aterials will be collected separately in a covered or partially 
covered surface storage area (deposit site). Slag will be con1plctely cooled here and \Viii react, \vhile 
synthetic materials will be additionally dried. Synthetic tnaterials \viii be transpot1cd separately 
frmn slag. The transport of n1etallurgical vvaste tnaterials to the tnine entrance at Graben \vill be 
perfonned by trucks in closed and covered containers. Here the containers \vill be transferred to 
n1ine cars and transpotied to the underground deposit site (silo) vvith the tnine railway. Synthetic 
n1aterials will be unloaded into silos frotn above, separately from the slag and fireproof brick. The 
tnetallurgical \vaste n1aterials \vill be solidified with cetnent n1ilk without excess water at the site. 

During the deposition of tnetallurgical waste tnaterials and after its con1pletion, regular periodic 
control of the area belo\v the underground site will be perforn1ed. 

CONCLlJSION 

The detnand for the use of and deposition of \Vaste n1aterials into underground sites is increasing. 
Due to the overloading of the Earth's surface and the negative influence of surface deposit sites on 
the environtnent, underground deposit sites are becotning increasingly itnportant. Their construction 
is still expensive at present and they are therefore used only for the deposition of special and 
hazardous wastes. 
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The use of already constructed underground sites in abandoned n1ines, tnines being closed or 
newly excavated underground sites in active n1ines represents one of the possibilities for 
underground deposition of waste which does not require high investn1ent costs. 

Waste tnaterials to be deposited in underground sites tnust be inert special \Vaste which has been 
pre-processed such that they present no long-tern1 threat to the environn1ent. The deposition of 
\vaste n1aterials into underground deposit sites requires extensive prelin1inary research, laboratory 
tests and tnodelling, \vhich are the basis for the preparation of environtnental asscssn1ents. 

It is recon1n1ended that such a technology of deposition be selected \vhich \viii enable the 
aut01nation of preparation, transport and depositing of waste n1aterials. 

The types of studies, research and n1odelling presented in the paper can serve as a guideline in 
the preparation of the general legislation tor the construction of underground \vaste deposit sites. 

Key\vords: \Vaste n1atcrials, underground \vaste deposits, tnulti-barrier systen1 
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