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Case study for dislocation of river Temnica over height embankment on a deposit 
material 

Étude de cas pour la dislocation du fleuve Temnica au-dessus du remblai de taille composé de 
matériel de dépôt 
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ABSTRACT 
Almost 70% of production of electric energy in Republic of Macedonia is based on thermo power plants. Due to continuous 
production of TPP REK Oslomej it was necessary to provide additional coal quantities from a new coal mine. Unlikely over the new
coal layer river Temnica was flowing. For these purpose, design solution was to dislocate river Temnica in a length of 2 km, over
deposit materials. The regulation of new river bed is with total length of km 1+990.00 for all sections (cuts and embankments), and
approximately 400 m are expanding in a zone of height embankment up to 40 m.  
    This paper deals with results from FEM analyses for embankment construction carried out by geotechnical software package
PLAXIS v 8. Calculations of the displacements, strains and stresses were performed by FEM, and also benefits of using high strength
woven geotextiles heaving in mind consolidation process of the embankment has been also considered. Slope stability analysis was
analyzed by software GGU-Stability with limited equilibrium method too. 

RÉSUMÉ
Presque 70% de production d'énergie électrique en République de Macédoine est basé sur les centrales thermiques. En raison de la
production continue de la centrale thermique REK Oslomej, il était nécessaire de fournir des quantités additionnelles de charbon
provenant d'une nouvelle mine de charbon. Cependant, le fleuve Temnica coulait au-dessus de la nouvelle couche de charbon. Pour
ces derniers raisons, une solution de conception était de disloquer le fleuve Temnica dans une longueur de 2 kilomètres, au-dessus des 
matériaux de dépôt. Le règlement du nouveau lit de fleuve est avec la longueur totale du kilomètre 1+990.00 pour toutes les sections
(des coupes et des remblais), et approximativement 400 m d’augmentation dans une zone de remblai de taille jusqu'à 40 m.  
    Ce document traite des résultats des analyses FEM concernant la construction de remblai effectuées par le progiciel géotechnique
PLAXIS v 8. Les calculs des déplacements, les contraintes et les tensions ont été exécutés par FEM, et également des avantages
d'employer les géotextiles tissés de haute résistance utilisés dans le processus de consolidation du remblai ont été également
considérés. L'analyse de stabilité de pente a été effectuée par GGU-Stability avec un logiciel avec la méthode limitée d'équilibre. 
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1 INTRODUCTION 

For the need of coal exploitation Temnica river is dislocated in 
a II phase. According to several considered variant solutions, a 
shifting of the river Temnica - II phase is chosen to be made in 
the area of Oslomej – East. At the moment this part is used as a 
place for deposition of the over burden from both ECR 
(continuous Excavator - belt Conveyor - Reclaimer ECR) 
systems working in Oslomej - West.  

Conventional construction techniques would not have 
allowed such embankments to be constructed on soft soil in the 
past due to cost effectiveness and technical feasibility. 
Geosynthetic reinforced embankments have been designed and 
constructed very soft soil basement. For successful designed 
embankments on soft subsoil, four critical parameters are to 
investigated: 

‡ Slope stability analyses including soft subsoil; 
‡ Bearing capacity of soft subsoil; 
‡ Stress-strain analysis; 
‡ Consolidation phenomena and settlements; 

Through the designing phase, all crucial parameters have 
been used such as: hydrological data, (raining, flows, water 
omission etc.), geomechanical data (stability and deformability 
of the analyzed area), mine-technological concept for 
exploitation of the excavation site. The cross section profile of 
the regulation (riverbed) has following characteristics:   

‡ bottom width of the riverbed B=12.0 m; 
‡ inclination of the slopes of the river bed is 1:1.5, which 

will secure receiving quantities for large amount of water 
Q=186.0 (m3/sec); 

‡ the longitudinal inclination of the river bed regulation is 
constant through the whole regulation length with  
J=0.4%; 

‡ for steady hydraulic flow of water in riverbed, 
stabilization was made with 7 cascades with height of 
1.0m; 

‡ for securing the waterproof of the riverbed itself, geo-
membrane with thickness of 1 mm was placed with 
protection geotextiles g = 300 gr/m² from both sides, and 
for mechanical protection during water flow gabions and 
mattresses were placed; 

‡ In the zone of large embankment (H 40m), there were 
three layers of high strength geotextile Stabilenka 
designed according to the maximum tensile force which 
develops in geotextiles and multiplies by all reduction 
factors in accordance with FGSV. This is providing 
stability of the embankment at prescribed distances from 
the crest; 

On the parts where the high embankments of 40 m is to be 
constructed, the stability of the slopes and the riverbed has been 
accomplished with embedment of layers of high strength woven 
geotextiles Stabilenka 400/100 and protection of the riverbed 
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against wetting is solved by installation of geomembrane layer. 
Additional layers of rock mattresses and gabions have been 
predicted for protection and stability of the riverbed. On the 
next Figures (1, 2 and 3) basic parameters are presented: layout, 
longitudinal cross section and characteristic cross section of the 
embankment. 

Figure 1. Layout of  river Temnica II phase 

Figure 2. Longitudinal cross section of river Temnica II phase 

Figure 3. Characteristic cross section of the high embankment 

2 STABILITY AND STRESS - STRAIN ANALYSIS 

For defining the geomechanical parameters a complete site has 
been investigated with investigation boreholes with depth of 
20÷35 m. Tests for standard dynamic penetration (SPT) as well 
as static penetration tests (CPT) for evaluation of the foundation 
soil for the embankment, as well as site testing of permeability 
have been carried out. In situ permeability tests have been 
carried out too. Laboratory tests on undisturbed and disturbed 
samples have been carried out for defining necessary 
geomechanical parameters: (natural unit weight and moisture, 
specific weight, limits of consistency, Proctor test, direct share 
tests, tri-axial compression tests, oedometer tests, permeability 
tests, consolidation tests etc). 

Stress-strain analyses have been made by PLAXIS software. 
The highest embankment is analyzed in details. With the 
analyses, simulations were made of the stability conditions of 
the slopes as well as stress-strain and strength conditions of the 
geosynthetics. Stress-strain analyses were carried out by staged 
construction with given real time components for the 
construction i.e., having in consideration that the embankment 
has to be built very fast due to continouse coal excavation. For 
improvement of the bearing capacity and stability of soft 
subsoil, (for reduced time of construction), high strength 
geotextile Stabilenka 400/100 (in three layers) was used. In that 
way the construction phases and the time were simulated. With 
the analysis the stage construction is simulated on the 
embankment into layers, during exploration period, taking into 
consideration the real river loading and machinery-vehicle 
presence. Because due to un-permeability of the geomembrane,  
full riverbed is taken as water weight. Part of results and 
characteristic cross-sections are presented on Figures 4 and 5. 

Figure 4. Analysis of characteristic profile with GGU-Stability 

Figure 5. Analysis of characteristic profile with Plaxis 

The estimated values by the analysis are specified for this 
type of projects (safety factor - Fs, stresses, displacement, 
strains, etc.), including the earthquake stability analysys. During 
the period of construction, recalculation of the embankement 
has been done on the basis of geomechanical parameters from 
technical control at the site and labaratory tests in the period of 
construction. From settlement monitoring (surveliance on 
geodetic points, elongometers, pneumatic piezometers) 
comparative analyses have been done. With these analysis, it 
was defined final freeboard upgrade at the top (highest layer) of 
embankment. 
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Figure 6. Analysis with geomechanical parameters of infiled material 

Figure 7. Displacement of characteristic points 

On the next Figures 8÷12, are shown phases of construction of 
embankment and riverbed are presented. 

Figure 8. Dislocation of river Temnica – previous situation  

Figure 9. Dislocation of river Temnica – construction phase 

Figure 10. Dislocation of river Temnica – construction phase 

Figure 11. Dislocation of river Temnica – construction phase 

Figure 12. Dislocation of river Temnica - final phase 

3 CONCLUSIONS 

Improved characteristics of the soft soil using woven geotextile 
with high strength properties are obvious and it allows better 
compaction of soil layers in embankment and smaller 
displacements at the end of construction of the embankment, 
especially when construction should be executed in a short time 
period. Factor of safety against sliding is improved. The 
settlements became in appropriate time period (construction 
period) which is more effective and proper for these object.  

Temnica river dislocation is a complex project providing the 
following parameters: 

Hydrology and hydraulic parameters for providing 100-
year water flow of 186 m3/sec; 
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Complex geomechanical parameters, geomorphology 
and geoenvironment of the close surrounding (the 
exploitation is in the surrounding where the coal is 
continuosly being excavated from the mines); 
Taking care of the mining-technologycal concept of the 
mine exploitation in order of providing the necessary 
coal for the TPP, which means the whole exploitation 
has to be ecavated fast and under conditions of the 
complete mine exploitation;  
Providing impermeability and stability of the new 
riverbed with geotextiles, geomembranes, gabions and 
matraces, which improve the physical protection of the 
riverbed at the same time; 
Monitoring of the embankment with: geodetical points, 
elongation of geotextile, pneumatic pizometers, for 
verification of predicted analyze condition (time 
behaviour), and information of stady condition of high 
embankment. 

Due to the fact of fast performing of river regulation 
(necessity of the shifting of the old riverbed and protection of 
the exploitation area for deposition of the over burden and coal), 
critical point in the time-schedule for construction is 

embankment with 40 m height, especially consolidation and 
settlements problems. The cascade system is predicted which 
will solve the riverbed leveling for calculated and predicted 
settlements, combining with defined freeboard upgrade at the 
top (highest layer) of embankment, for stable and stady normal 
condition in the next period. 
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