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The name "PANGAEA" refers to the supercontinent, which was formed, around 275 

million years ago, on the Earth from the union of the three continents of the Palaeozoic 

era: Euramerica, Angara and Gondwanaland. Pangaea remained as a continent until 

the end of the Mesozoic era, about 100 million years ago, a period associated with the 

most radical changes in the geological history of the Earth. At that time, Pangaea 

started to split, a process, which led to the formation of the present Earth continents. 
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"PANGAEA CONSULTING ENGINEERS" LTD. is an independent consulting firm, reg-

istered with the Ministry of Environment, Planning and Public Works of Greece 

(R.Ν.293), offering services in Civil, Structural, Geotechnical, Tunnelling, Dam and En-

vironmental Engineering, Earth Sciences and Environmental Impact Assessment. 

 

The firm employs a staff of specialized personnel, including civil, structural, geotechni-

cal and hydraulic engineers, surveyors, geologists and geophysicists and owns all nec-

essary equipment for field, laboratory and office work within its scope of activities. 

 

 

FIELDS OF ACTIVITIES 
 

PANGAEA'S capabilities cover a wide range of activities including: feasibility studies, 

preliminary investigations, preliminary and final design, construction drawings, experts’ 

opinion, cost estimates, tender and contract documents, construction management and 

supervision, consultation and arbitration: 

 

*  Geotechnical, Geological, Hydrogeological and Geophysical Investigations 
-  Geological, hydrogeological, geotechnical reconnaissance, 

-  Geological and hydrogeological surveys and mapping, 

-  Air and satellite photo interpretation, 

-  Sample drilling, onshore and offshore, 

-  Laboratory and in situ soil & rock testing, 

- Geotechnical instrumentation, 

- Organization and operation of soil and rock mechanics and material laborato-

ries, 

-  Water resources exploration, 

-  Aquifer development and well testing, 

-  Analysis of hydrological and hydraulic data, 

-  Electrical, seismic and geo-radar geophysical surveys. 

 

*  Civil, Structural, Geotechnical, Tunnelling and Dam Design 
-  Earth works, 

-  Earth support structures, 

-  Tunnels – underground openings for hydroelectric projects, road works etc. 
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-  Soil and rockfill dams, 

-  Open pit and subsurface mining, 

-  Foundations for buildings, bridges, industrial and sport installations, harbour 

works etc. 

-  Deep foundations with piles, diaphragms, caissons, 

-  Grouting, anchors, minipiles, 

-  Structural analysis studies for building, underground, hydraulic etc. works, 

bridges etc. 

-  Ground water level control (dewatering), 

 

*  Earthquake Engineering 
-  Earthquake risk analysis, 

-  Geotechnical earthquake engineering design, 

-  Soil - structure interaction, 

-  Earthquake response of structures. 

 

*  Environmental Geotechnical Engineering Design 
-  Mining and quarry site restoration, 

-  Solid and liquid storage waste, 

-  Vibration monitoring and measurements, 

-  Pollution control, 

-  Environmental impact studies for fuels, toxics, wastes etc. storage. 

 

*  Waste Disposal Management Design 
 

*  Environmental Impact Assessment 
 

*  Construction Management and Consultation 
-  Construction management and supervision in civil, geotechnical, tunnelling and 

dam engineering, 

-  Technical assistance, 

-  Quality control, 

-  Work scheduling, 

-  Consultation on civil and geotechnical engineering in design and construction, 

-  Arbitrations, 
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-  Bid evaluations etc. 

 

 

AFFILIATED COMPANIES 
 

• M. ZACAS – C. TSATSANIFOS / Z & T ENGINEERING LTD.  Site Investiga-

tions and Special Works. 

• PANGAEA ETHIOPIA CONSULTING ENGINEERS PLC. General Consulting 

Engineers based in Addis Ababa, Ethiopia 
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SCIENTIFIC PERSONNEL 
 
 

 

* Dr. Andreas ANTONIOU, Civil / Geotechnical Engineer 

* Demetrios ARGYRIOU, Engineering Geologist. 

* Ioannis ASTERIOU, Surveying / Rural and Hydraulics Engineer. 

* Paul ASTERIOU, Civil / Geotechnical Engineer. 

* Xenophon BAFITIS, Geologist / Geophysicist. 

* Thomas BIROS, Chemist. 

* Ioannis CHASSIOTIS, Civil / Geotechnical Engineer. 

* Athanasios KARINAS, Mining / Geotechnical Engineer. 

* George COSSENAS, Civil / Geotechnical Engineer. 

* Panagiotis LABROUKOS, Civil / Hydraulics Engineer. 

* Athanasios LIOSSIS, Geologist / Geophysicist. 

* Nikolaos MATSIGOS, Engineering Geologist. 

* Konstantinos MAVRIKIOS, Civil / Structural Engineer. 

* Georgios MELEKIS, Environmental Geologist. 

* Nikolaos PAPADROSSOS, Civil / Geotechnical Engineer. 

* Georgina PAPASTERGIOU, Civil / Structural Engineer. 

* Dr. Prodromos PSARROPOULOS, Civil / Geotechnical / Structural Engineer 

* Konstantinos THEODORAKOPOULOS, Civil / Structural Engineer. 

* Dr. Christos TSATSANIFOS, Civil / Geotechnical Engineer. 

* Phoebos TSATSANIFOS, Production and Management Engineer. 

* Fotini TSATSANIFOU, Civil / Geotechnical Engineer. 

* Maria-Anna TSATSANIFOU, Lawyer. 

* Konstantinos TSIGAS, Engineering Geologist. 

* Maria TSIMPIDOU, Environmental Geologist. 

* Lambros VANTOLAS, Civil / Geotechnical Engineer. 

* Vasilios VANTOLAS, Civil / Geotechnical Engineer. 

* Dr. Miltiades ZACAS, Civil / Geotechnical Engineer. 

* Vassilios ZARKADOULAS, Engineering Geologist. 
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ORGANIZATION CHART 
 

 
PANGAEA CONSULTING ENGINEERS LTD 

131, Kifissias Avenue, GR 11524 ATHENS,  
Τel. (+30) 210.6915926, (+30) 210.6921910, Fax. (+30) 210.6928137 

Email: pangaea@otenet.gr, info@pangaea.gr 
url: www.pangaea.gr  

GEOTECHNICAL GEOLOGICAL - GEOPHYSICAL 
DEPARTMENT STRUCTURAL 

LABORATORY 

* Dr. A. ANTONIOU, Civil Engineer 
* P. ASTERIOU, Civil Engineer 
* J. CHASIOTIS, Civil Engineer 
* G. KOSSENAS, Civil Engineer 
* A. KARINAS, Mining Engineer 
* N. PAPADROSSOS, Civil Engineer 
* Dr. P. PSARROPOULOS, Civil Engineer 
* F. TSATSANIFOU,Civil Engineer 
* L. VANTOLAS, Civil Engineer 
* V. VANTOLAS, Civil Engineer 
* Dr M ZACAS Civil Engineer

* D. ARGYRIOU, Geologist 
* X. BAFITIS, Geologist 
* A. LIOSSIS, Geologist 
* Ν. MATSIGOS, Geologist 
* G. MELEKIS, Geologist  
* C. TSIGAS, Geologist 
* Μ. TSIMPIDOU, Geologist 
* V. ZARKADOULAS, Geologist 

* P. ASTERIOU, Civil Engineer 
* P. TSATSANIFOS, Production &            

Management Engineer 
* S. SIDERAS, Technician 
* J. CORNICIUS, Assistant Technician  

TECHNICAL DEPARTMENT ADMINISTRATION DEPARTMENT 

* J. ASTERIOU, Survey Engineer 
* F. TSATSANIFOU, Civil Engineer 

KOZANI OFFICE 

* T. BIROS, Chemist  
* V. VANTOLAS, Civil Engineer 

* G. PAPASTERGIOU, Civil Engineer 
* Dr. P. PSARROPOULOS, Civil Engineer 
* Κ. MAVRIKIOS, Civil Engineer 
* Κ THEODORAKOPOULOS Civil Engineer

ALONNISSOS OFFICE 

* C. TSIGAS, Geologist  
 

 
* J. ASTERIOU, Survey Engineer 
* P. LABROUKOS, Civil Engineer 

HYDRAULICS 

VOLOS OFFICE 

* A. KARINAS, Mining Engineer  
 

NEW PROJECTS 

SITE PERSONNEL 

* Α. KOUTSOUBIS, Driller 
* D. TSIOUFES, Driller 

QUALITY CONTROL 

* S. CHRISSOLORA 
* I. LAVAZOU 
* F. MANDELENAKI 

DRAFTING 

* M. TSIMPIDOY, Geologist  
* P. TSATSANIFOS, Production & 

Management Engineer

* K. KOSTOPOULOU 
          Secretary

SECRETARIAT ACCOUNTING 

* M. TSATSANIFOU 
Lawyer 

LEGAL 

* T. APOSTOLIDIS, Accountant 

MANAGING DIRECTOR 

Dr. CRHISTOS TSATSANIFOS 

 
* G. MELEKIS, Geologist 
* M. TSIMPIDOU, Geologist 

ENVIRONMENTAL 

PIPELINES 

* Dr. P. PSARROPOULOS, Civil Engineer
* Dr. A. ANTONIOU, Civil Engineer 
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PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Dams (#1.1 SISSANI) 

Sissani Dam 
Kozani Prefecture – Greece 
Services Offered: Design 1998÷1999, Construction 
Supervision 2002÷2006 

Location : Sissani Village 

Client : Kozani Prefecture (Regional Administration) 

Construction Cost : 6.5 MEURO 

 
The dam is of the rockfill type, 
built mainly for irrigation pur-
poses on Myrichos River, 
about 2 km south of Sissani 
village. The relevant task con-
cerns the complete final design 
of the project and the Con-
struction Supervision (Tech-
nical Consultant and Quality 
Control). 

 

The maximum storage capacity of the dam is about 820,000 m3, while the maximum serviceable 
water volume is 760,000 m3. 

The maximum height of the dam, measured from the foundation level, is 35.0 m. The crest 
length is 121.5 m, with a width of 8.0 m. The impermeable central core of the dam is vertical, 
built of clayey alluvial deposits and weathered schist. Rockfill shells, filters and transition zones, 
as well as a rip-rap protection zone on the upstream slope of the dam are also provided. Water-
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proofing of the foundation is achieved by cement grouting treatment (curtain and consolidation 
grouting). 

 

 

The coffer dam is provided up-
stream of the dam. Its maximum 
height is 3.0 m, while the crown 
length is 30.0 m. The diversion of 
the river is implemented by free wa-
ter flow through a reinforced con-
crete duct of a horseshoe cross-
section (w = 2.20 m and h = 2.60 
m), the length being 158.42 m.  The 
total volume of both main and coffer 
dam adds up to 115,000 m3. 

A side spillway, located on the left 
abutment, without (water) sluice 
gates, accommodates the water 
overflow. Its crown length is 36.0 m. 
The overflowing water is collected in 
a catchment area, from which it is 
led through an open channel to the 
erection point and, after the dissipa-
tion of its energy, into the still basin. 

The water intake opening is on the 
top of a vertical well, for which an 
internal diameter of 1.00 m is pro-
vided. The water flows in the diver-
sion duct up to the dam, then 
through the dam via a steel pipe 
1,200 mm in diameter, and finally in 
a narrower steel pipe section (d= 
800 mm). 

Downstream of the dam, a building, 
110 m2 in area, houses the pumping station which comprises three pumps (one on a stand-by 
basis) of a discharge capacity Q = 250 m3/h each, at 2,900 RPM. The discharged water shall be 
stored at a nearby storage tank for further utilization. 

Finally, an electric power generating 
unit, of the Francis type (horizontal) 
turbine and a 333 kW generator, will 
be installed in the future in the build-
ing housing the pumping station. 
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Messovouno Dam 
Kozani Prefecture – Greece 
Services Offered: Design 1998÷1999, Construction 
Supervision 2002÷2008 

Location : Messovouno Village 

Client : Kozani Prefecture (Regional Administration) 

Construction Cost : 5.5 MEURO 

 
The dam is of the rockfill type, built for irrigation purposes on the western slope of Mountain 
Vermio, about 5 km southeast of Messovouno village. The relevant task concerns the complete 
final design of the project and the Construction Supervision (Technical Consultant and Quality 
Control). 

The maximum storage capacity of the dam is about 890,000 m3, while the maximum serviceable 
water volume is 865,000 m3. 

The dam is curved in plan. Its maxi-mum height is 35 m measured from the foundation level, 
while its length (at the level of the crown) is 187 m, with a width of 8 m. A saddle dam has been 
constructed further of the right abutment. Its length on the level of its crown is 125 m, while its 
height is 8 m, measured from its foundation level. The total volume of both the main dam and 
the saddle dam is 179,000 m3. 

The impermeable central core 
of the dam is inclined down-
stream, built of weathered silt-
stone material. Its width at the 
crown level is 4 m. For the 
construction of the rockfill 
shells, as well as the filters and 
the transition zones, limestone quarry material was used. A limestone rip-rap protection zone is 
provided on the upstream slope of the dam. Waterproofing of the foundation is achieved by ce-
ment grouting treatment (curtain and consolidation grouting). 

The spillway, located on the left ab-
utment of the dam, has no sluice 
gates. The overflowing water 
passes through an intermediate 
catchment basin, located down-
stream of the spillway and followed 
by an inclined channel up to the 
ejection point. After the dissipation 
of its energy, the water falls into the 
still basin. 

The diversion duct, of a total length 
of 151.4 m, consists of two distinc-
tive parts: the first has the form of a 
steel pipe, with a length of 84.5 m 
and diameter of 1,200 mm, while 
the second is a reinforced concrete 
duct of an orthogonal cross-section, 
with semicircular ceiling (w = 2.0 m 
and h = 2.3 m). 

Part of the diversion duct is used also as a water intake system component. Starting from the 
water intake mouth (opening), which is located vertically above the diversion duct, the flow of 
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water is conducted through the steel part of the diversion duct, which is properly connected to 
the irrigation pipe. 

A small building to house the control equipment is located downstream. 
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Thessaurus Dam 
Drama Prefecture – Greece 
Services Offered: Geotechnical Consultant 1989÷1993 
Location : 25 km NW Nestos River, Drama 

Client : THESSAURUS J.V. / Public Power Corporation of Greece 

Construction Cost : - 

 
The Hydroelectric Power Plant of Thessaurus, on Nestos river, includes a high dam, with the 
relevant units and an underground electric power plant of 240 MW. 

The Thesaurus dam is a rockfill one, 
172 m high, with a crest length of 520 
m, total embankment volume of 11 x 
106 m3 and lake capacity of 705 x 106 
m3. 

The area of the dam constituted of 
gneiss and granite – gneiss with inter-
calations of mica schists and amphi-
bolites, intersected by centripetal 
faults, or upthrow faults, which contri-
bute at the qualitative sorting of the 
rock mass. 

 

 

The geomorphological, hydraulic, 
geological and geotechnical ground 
conditions at the area of the dam, in 
conjunction with the required interven-
tions on the slopes and the embank-
ments, as well as with the quality de-
mands of the construction, resulted in 
the creation of unusual conditions and 
problems requiring specific technico-
economical solutions. 

The consultancy to the Joint Venture 
(PROODEFTIKI S.A. – TEV S.A. – 
SARANTOPOULOS S.A.) covered 
subjects such as: 

• Explosions and ground excavations in rock. 
• Shaping and retaining works of rock slopes (over 100 m height). 
• Investigation, production, selection and quality control of the construction materials, for the 

core, the filters and the main body of the dam. 
• Selection of the sites and quality control of borrow pits materials, for the production of ag-

gregates. 
• Excavation and retaining works for drain tunnels and grouting works of a total length over 

4.0 km. 
• Installation of geotechnical instruments for the follow up of the dam behaviour and related 

works. 
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Eressos Dam 
Lesvos Prefecture – Greece 
Services Offered: Geotechnical Investigations 1992÷ 
1994, Construction Geotechnical Consultant 1997÷1998 

Location : Eressos Village 

Client : Ministry of Agriculture / EUCLEIDES S.A. 

Construction Cost : 8.8 MEURO 

 
Eressos dam is situated on the torrent Halandra, 2.5 km east of Eressos village. 

It is an earth dam with clay core, 40 m high and 340 m long at the crest. Its total volume is 800 x 
103 m3 and the lake capacity is 2.7 x 106 m3. It includes a side spillway, torrent diversion works, 
water intake and evaluation works (steel pipe Φ1.50 m) as well as grouting drainage tunnels at 
the embankments. 

The areas of the dam and the reservoir consist of volcanic rocks, partially fractured and hydro-
thermal vitiated materials, at the surface, along the torrent and sand and gravel downstream.  
Borrow pits of argillaceous materials were found 5 km away from the site.  

PANGAEA conducted detailed geotechnical investigations for the preliminary and final design of 
the dam.  

During the construction phase the company conducted additional geotechnical investigations 
and offered Geotechnical Consultancy to the Contractor (EUCLEIDES). 

The geotechnical investigations and designs at the final detailed design phase included: 

• Sample boreholes with water absorption tests in the site.  
• Investigation pits to check the quality and evaluation of the quantity of the borrow pits’ ma-

terials.  
• Laboratory tests for the construction materials of the dam. 
• Geotechnical report for the relevant conditions of the area and the quality demands of the 

construction materials. 

The Consultancy during the Construction phase included:  

• Design of grouting curtain during the construction of the diversion dam, using the system 
“tube – a – manchette”. 

• Preparation of the program and the related methodology for the execution of the grouting 
works for the dam. 

• Proposal for the final designs of the slopes upstream the spillway. 
• Reforming and final design / slope drawings for the excavation, temporary support, final 

lining of grouting and drainage tunnels. 
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Milochori Dam 
Kozani Prefecture – Greece 
Services Offered: Design 2004÷2005, Construction 
Supervision 2006÷2009 

Location : Milochori Village 

Client : Kozani Prefecture (Regional Administration) 

Construction Cost : 1.64 MEURO 

 
The dam consists of a homogeneous earth embankment with an impermeable core, built for 
irrigation purposes on the eastern slope of Mountain Askio, about 1.5 km west of Milochori vil-
lage. The relevant task concerns the complete final design of the project and the Construction 
Supervision (Technical Consultant and Quality Control). 

The maximum storage capac-
ity of the dam is about 
167,500 m3, while the maxi-
mum serviceable water vol-
ume is 156,000 m3. The dam 
is linear in plan. Its maximum 
height is 20.0 m measured 
from the foundation level, 
while its length (at the level of 
the crown) is 303.50 m, with 
a width of 8.0 m. A small em-
bankment has been con-
structed with gabions further 
of the lake end, in order to 
reduce the volume of river 
materials arriving in the res-
ervoir. The total volume of the 
dam is 172,000 m3. 

The impermeable core of the 
dam has been constructed using in situ clay materials. A vertical filter chimney of 1.5 m width 
has been constructed at the centre of the dam’s cross section throughout its whole length, in 
order to lower the piezometric 
lines and eliminate the possi-
bility of internal erosion of the 
dam. The filter chimney is 
connected to a horizontal 
filter of 20 m width and 0.50 
m thickness, from the vertical 
filter chimney up to the 
downstream toe of the dam, 
in order to allow the free 
drainage of the internal see-
page of the dam. 

A limestone rip-rap protection 
zone is provided on the up-
stream and the downstream 
slopes of the dam. For the 
construction of these zones 
as well as for the filters and 
the transition zones, limes-
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tone quarry material was used. Waterproofing of the foundation was achieved by 3.5 m deep 
cement - bentonite slurry diaphragm wall, through most the dam’s length. 

 
The spillway, located on the left abutment of the dam, has no sluice gates. The overflowing wa-
ter passes through an intermediate catchment basin, located downstream of the spillway and is 
followed by an inclined channel up to the ejection point. After the dissipation of its energy, the 
water falls into the still basin. 

The diversion duct, of a total length of 171.76 m, consists of a steel pipe, with 1,000 mm diame-
ter, embedded in an orthogonal concrete cross section. Part of the diversion duct is used also 
as a water intake system component. Starting from the water intake mouth (opening), which is 
located vertically above the diversion duct, the flow of water is conducted through the steel pipe 
of the diversion duct, which is properly connected to the irrigation pipe. 

A small building to house the control equipment is located downstream. 
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Anarrachi and Emporio Dams 
Kozani Prefecture – Greece 
Services Offered: Design Improvement 2006÷2007, 
Construction Supervision 2006÷2011 

Location : Anarrachi and Emporio Villages 

Client : Kozani Prefecture (Regional Administration) 

Construction Cost : 6.5 MEURO 

 
The project concerns a complex of four dams; three gravity concrete dams were constructed in 
order to collect water from Anarrachi and Emporio streams and an earth dam for water storage. 
The relevant task concerns the improvement of the final design of the project and the Construc-
tion Supervision (Technical Consultant and Quality Control). 

Anarrachi concrete dam has 
a length of 20 m and 6 m 
height. Emporio I concrete 
dam is 75 m long and 20 m 
high and Emporio II dam is 
120 m long and 22 m high. 

A network of 6,000 m PVC 
pipes of 315 mm and 500 mm 
diameter transfer the water 
from the Anarrachi and Em-
porio concrete dams to the A-
narrachi earth dam. 

The Anarrachi earth dam is 
homogeneous, built on a val-
ley about 1.0 km north of A-
narrachi village. The maxi-
mum storage capacity of the 
dam is about 1,200,000 m3, 
while the maximum service-

able water volume is 1,000,000 m3. 

The dam has an L shape in plan. Its maximum height is 22.0 m measured from the foundation 
level, while its length (at the level of the crown) is 1,000 m, with a width of 8.0 m. The total vo-
lume of the earth dam is 600,000 m3. 

The impermeable core of the dam will be constructed using in situ clay materials. A vertical filter 
chimney of 1.5 m width will be constructed at the centre of the dam’s cross section throughout 
its whole length, in order to lower the piezometric lines and eliminate the possibility of internal 
erosion of the dam. The filter chimney will be connected to a horizontal filter of 50 m width and 
0.50 m thickness, from the vertical filter chimney up to the downstream toe of the dam, in order 
to allow the free drainage of the internal seepage of the dam. 

A limestone rip-rap protection zone will be provided on the upstream and the downstream 
slopes of the dam. For the construction of these zones as well as of the filters and the transition 
zones, limestone quarry material will be used.  

The spillway is located on the dam body as a flexible gabion structure with geogrid and geo-
membranes and has no sluice gates. The overflowing water passes through an intermediate 
catchment basin, located downstream of the spillway and followed by an inclined channel into 
the still basin. 
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The diversion duct, which 
also serves as an outlet work, 
of a total length of 189.98 m, 
consists of a steel pipe, with 
a 500 mm diameter, embed-
ded in an orthogonal concrete 
cross section. A separate 
water intake system compo-
nent of 301.8 m length and 
315 mm diameter PVC pipe 
has been proposed for irriga-
tion purposes. 
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Kastania Alonnissos Dam 
Magnessia Prefecture – Greece 
Services Offered: Design Improvement 2007÷2008, 
Construction Supervision 2007÷2011 

Location : Alonnissos Island 

Client : Ministry of Agricultural Development and Foods – Greece 

Construction Cost : 13 MEURO 

 
The dam is of the rockfill type, built for water supply purposes on the north east of Allonnissos 
Island. The relevant task concerns the improvement of the final design of the project and the 
Construction Supervision (Technical Consultant and Quality Control). 

The maximum storage capacity of the dam is about 610,000 m3, while the maximum serviceable 
water volume is 510,000 m3. 

 
The dam is linear in plan. Its maximum height is 28.0 m measured from the foundation level, 
while its length (at the level of the crown) is 276.0 m, with a width of 8.0 m. The total volume of 
the dam is 249,500 m3. 

The impermeable core of the dam has been constructed using in situ clay materials. For the 
construction of the rockfill shells, as well as the filters and the transition zones, limestone quarry 
material was used. A limestone rip-rap protection zone is provided on the downstream slope of 
the dam. 
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In the initial design waterproofing of the foundation was provided by cement grouting treatment 
(curtain and consolidation grouting). After the discovery of carstic cavities in the sipoline marble 
foundation of the dam, the design improvement was performed, according which the final wa-
terproofing consists of an HDPE membrane on the upstream slope of the embankment. Addi-
tional membranes have been applied to parts of the reservoir due to the extent of the carstic 
cavities. 

The spillway, located on the right abutment of the dam, has no sluice gates. The overflowing 
water passes through an intermediate catchment basin, located downstream of the spillway and 
followed by an inclined channel up to the ejection point. After the dissipation of its energy, the 
water falls into the still basin. 

The diversion duct, of a total length of 276 m, consists of a precast concrete pipe, with 1,800 
mm diameter, embedded in an orthogonal concrete cross section. Part of the diversion duct is 
used also as a water intake system component. Starting from the water intake mouth (opening), 
which is located vertically above the diversion duct, the flow of water is conducted through a 
600 mm steel pipe inside the diversion duct concrete body, which is properly connected to the 
irrigation pipe. 

A small building to house the control equipment is located downstream. 

An HDPE pipe network of almost 5,100 m length with 355 mm diameter has been constructed 
for water transfer. 
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Mavromati River Dam 
Magnessia Prefecture – Greece 
Services Offered: Design Improvement 2009÷2011, 
Construction Supervision 2008÷2012 

Location : Othrys Mountain 

Client : Magnessia Prefecture (Regional Administration) 

Construction Cost : 14.3 MEURO 

 
The dam is of the rockfill type, built for water supply purposes on Mavromati River, on Othrys 
mountain. The relevant task concerns the improvement of the final design of the project and the 
Construction Supervision (Technical Consultant and Quality Control). 

The maximum storage capacity of the dam is about 1,642,000 m3, while the maximum service-
able water volume is 1,200,000 m3. 

 
 

The maximum height of the dam, measured from the foundation level, is 50.0 m. The crest 
length is 191.0 m, with a width of 10.0 m. The impermeable central core of the dam is vertical, 
built by clayey alluvial deposits. Rock fill shells will be constructed from gneiss and schist. Filters 
and transition zones, as well as a rip-rap protection zone on the upstream and downstream 
slope of the dam are also provided, from limestone quarries. Waterproofing of the foundation is 
achieved by cement grouting treatment (curtain and consolidation grouting). 

A coffer dam is provided upstream of the dam. Its maximum height is 7.0 m, while the crown 
length is 50.0 m. The diversion duct, of a total length of 308 m, consists of a steel pipe, with 600 

mm diameter, embedded in 
an orthogonal concrete cross 
section. Part of the diversion 
duct is used also as a water 
intake system component. 
Starting from the water intake 
mouth (opening), which is 
located vertically above the 
diversion duct, the flow of 
water is conducted through 
three (3) 300 mm steel pipes 
inside the diversion duct con-
crete body, which is properly 
connected to the irrigation 
pipe. 

The spillway is located on the 
left abutment, without (water) 
sluice gates, accommodates 
the water overflow. Its crown 
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length is 10.0 m. The over-
flowing water is collected in a 
catchment area, from which it 
is led through an open chan-
nel to the erection point and, 
after the dissipation of its 
energy, into the still basin. 

A small building to house the 
control equipment is located 
downstream. 
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Achyra Dam 
Aetoloacarnania Prefecture – Greece 
Services Offered: Design Improvement 2003÷2004 
Location : Achyra Village 

Client : Ministry of Environment, Regional Planning and Public Works 

Estimated Cost : 21.3 MEURO 

 
The dam is of the earth fill type, built for irrigation purposes on the Nissa River, on Acarnika 
Mountains. The relevant task concerns the improvement of the final design of the project, in-
cluding the design of the remedial measures of a major landslide in the left abutment of the 
dam, which resulted in the realignment of its axis. The maximum storage capacity of the dam is 
about 41,700,000 m3. 

The maximum height of the dam, measured from the foundation level, is 36.50 m and the total 
volume is 720,000 m3. The crest length is 273.0 m, with a width of 8.0 m. The impermeable cen-
tral core of the dam is vertical, built of clay from weathered flysh formation. Earth fill shells were 
constructed from sand and gravels from the river deposits. Filters and transition zones, as well 
as a rip-rap protection zone on the upstream and downstream slope of the embankment are 
also provided, from limestone quarries. Waterproofing of the foundation is achieved by the con-
struction of a plastic diaphragm wall from cement – bentonite slurry in the foundation of the cen-
tral part of the dam. In the abutments waterproofing of the foundation is achieved by cement 
grouting treatment (curtain and consolidation grouting). 

 
A coffer dam was provided upstream of the dam, with a maximum height of 13.0 m, and is con-
nected with the upstream shell of the main dam. The diversion of the river is implemented by 
free water flow through a reinforced concrete duct of a horseshoe cross-section (w = 1.50 m 
and h = 1.50 m), for the first 146 m, a circular cross section of 1.5 m diameter for the next 25 m 
and a horseshoe cross-section (w = 3.50 m and h = 3.00 m), for the remaining length of 75. In 
the last part a steel pipe Ø1400 mm serves as an outlet. The water intake opening is on the top 
of a vertical well, for which an internal diameter of 1.00 m is provided. Serviceable water inflow 
takes place from a horseshoe shaped tunnel (w = 3.50 m and h = 2.70 m) of 2,200 m length. 

The spillway is separated of the dam by a small hill at the left abutment, without (water) sluice 
gates, and accommodates the water overflow. Its crown length is 15.0 m. The overflowing water 
is collected in a catchment area, from which it is led through an open channel to the erection 
point and, after the dissipation of its energy, into the still basin. 

A small building to house the control equipment is located downstream. 
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Dipotamos and Kalavasos Dams 
Larnaca District – Cyprus 
Services Offered: Analysis of Embankment Stabili-
ty 1981 

Location : Lefkara and Kalavasos Villages 

Client : Rofe Kennard & Lapworth Ltd / Ministry of Agriculture, Natural Resources and Environ-
ment of Cyprus 

Construction Cost : Dipotamos Dam : 3.736 M₤, Kalavasos Dam : 5.934 M₤ 

 
The Dipotamos and Kalavasos Dams belong to the Vasilikos-Pentaskinos Project, whose basic 
objective is the development of the water resources of the area both for the agricultural devel-
opment of the area and the augmentation of the domestic water supply of Nicosia, Larnaka and 
Famagusta districts. 

The project started in 1980 and was completed in 1987 at a total cost of C£27 million. 

It includes the construction of two dams, Kalavasos dam on Vasilikos river and Dipotamos dam 
on Pentaschoinos river, Maroni diversion, Kornos water treatment plant, Kalavasos-Choirokoitia 
pipeline, Tokhni pumping station and the Vasilikos, Pentaskinos and Maroni irrigation schemes. 
In addition, land consolidation has been applied, rural roads have been constructed and an Ag-
ricultural Research Station has been established for experiments regarding various types and 
varieties of plants, irrigation techniques and water suitability. 

Dipotamos Dam is a rockfill dam, located on Pendaskinos river a few meters downstream of 
the confluence of the Syrkatis and Mylou tributaries, 3.3 km north of Skarinou station. The 
height of the dam is 60 m above foundation and the dam crest is 390 m long. The volume of the 
dam is 1,090,000 m3. The maximum storage capacity of the reservoir is about 15,500,000 m3. 
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Kalavasos Dam is a rockfill dam, located on Vasilikos river, 5.5 km northwest of Kalavasos vil-
lage. The height of the dam is 60 m above foundation and the dam crest is 482 m long. The vo-
lume of the dam is 1,700,000 m3. The maximum storage capacity of the reservoir is about 
17,100,000 m3. 

 

 
 

The relevant task concerns the analysis of the stability of the embankment of both dams. 
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Trikerato Tunnel 
Attiki Prefecture – Greece 
Services Offered: Design 1997, Construction 
Geotechnical Consultant 1998÷2000 

Location : Eutaxia Area – Nea Peramos Interchange 

Client : J&P - AVAX S.A. / Greek Railway Organization 

Construction Cost : 30 MEURO 

 

The Trikerato tunnel has been constructed along the New Athens – Korinth Double Railway 
Line. The tunnel length is 1,560 m and its cross section has an area of 75 m2 (internal width of 
11 m and 5.5 m radius of the crown). 
The tunnel crosses the Trikerato hill, which consists of strongly fissured medium thick bedded 
limestones. The discontinuities are filled either with calcite or with clay. The rock mass is classi-
fied either as “good rock mass” – Category I of the Bieniawski RMR classification system 
(61<RMR≤80) or as “medium rock mass” – Category II (41<RMR≤60). In some areas (i.e. por-
tals and fault zones) the rock mass is classified as “poor rock mass” – Category III 
(31<RMR≤40). 

 
The relevant task concerns the complete final design of the project, as well as geotechnical 
consulting services during the construction of the tunnel, specifying the tunnelling and construc-
tion methods for temporary and permanent works. 

The specified tunnelling method was the New Austrian Tunnelling Method (NATM) supple-
mented by geotechnical measurements. The tunnel temporary lining system consisted of shot-
crete, steel frames (steel sets or lattice girders) and anchors. Three different cross sections of 
the temporary support were used along the tunnel. 
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Despite the fact that the underground water table was at a substantial depth, for safety reasons, 
the design specified the construction of a drainage layer between the original substrata and the 
tunnel’s lining. 
The adverse geotechnical conditions encountered at 
the section of the tunnel under the Athens – Corinth 
National Road (recent manmade deposits overlying 
limestone in conjunction with the close proximity of the 
tunnel crown to the motorway pavement surface – 
about 3 m) led to the implementation of special meas-
ures, in terms of excavation and support, in order to 
prevent excess settlements and damages on the road 
pavement. The aforementioned measures, applied 
prior to excavation, comprised of jet grouting at the roof 
and the face of the tunnel as well as forepoling. Project 
was completed successfully within the time schedule 
agreed between the Owner and the Contractor. 
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Tymfristos Tunnel 
Fthiotida - Fokida Prefectures – Greece 
Services Offered: Geotechnical Consultant 1994÷1997, 
Design 1996÷1997, Construction Supervision and 
Geotechnical Consultant 1997÷1998 

Location : Lamia – Karpenissi National Road 

Client : Ministry of Environment Regional Planning and Public Works 

Construction Cost : - 

 

The Tymfristos Road Tunnel, with a length 1,365 m, crosses the flysch of the Pindos geotec-
tonic unit, which consists, mainly, of claystones, siltstones and slickensided argillaceous schists, 
strongly folded. The very poor quality of the rock mass (Q = 0.01 ÷ 0.001), combined with high 
overburden (the maximum overburden thickness is 153 m) dictated the high squeezing charac-
ter of the rock mass.  

The project has proceeded intermittently in three different contracts. The first and the second 
contract were tendered on the design and construct base. Tunnelling started in 1992 from both 
portals, using the New Austrian Tunnelling Method and providing primary support for the 120 m2 
cross section consisting of reinforced shotcrete, steel ribs and ground anchors. The tunnel sec-
tion was excavated in three phases: top heading, bench and inverted arc. Until the end of the 
second contract (September 1995) the top heading was excavated throughout the whole length 
of the tunnel. However, the bench and the invert excavation were some hundreds of meters be-
hind, since there was no provision, in the initial design, for a particular distance of the closed 
support ring from the excavation face. This resulted in considerable deformations from the early 
beginning of the project. 

 
Bureaucratic delays, combined with the high squeezing behaviour of the rock mass resulted in 
excessive deformations along the tunnel, in some parts leading to convergence of the order of 3 
m! Hence, the project was retendered, in October 1997, for the excavation and reshaping of the 
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tunnel cross section and the construction of the final lining, however this time with detailed de-
sign. Tunnelling finished in October 1998. 

PANGAEA designed the excavation and reshaping of the tunnel cross section and the primary 
support, consisting of reinforced shotcrete, lattice girders and ground anchors, in three typical 
cross sections. Furthermore, maximum distances between each excavation phase have been 
imposed. 

An extensive convergence - monitoring program has been adopted, providing for measuring 
sections every 15 m. Furthermore, a number of convergence stations have been installed in 
several sections ahead of the advancing face of the excavation. 

In the assessment and subsequent interpretation of the tunnel deformation time histories, com-
puter simulation has been used, whereas the process has been facilitated by close field obser-
vations, during construction. Emphasis has been placed on topics such as: 

• The components of deformations for the particular “rock squeezing” problem in conjunction 
with the interaction between the primary support and the surrounding rock mass, 

• The development of tunnel deformations ahead of and behind the excavation (regarding the 
progress of the excavation). 

Eventually, an identification of the warning tunnel strain levels associated with safe tunnelling 
has been attempted. 
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Patras Ring Road Tunnels 
Achaia Prefecture – Greece 
Services Offered: Design 2000, Construction 
Geotechnical Consultant 2000÷2002 

Location : City of Patras 

Client : PANTECHNIKI S.A. / Ministry of Environment, Regional Planning and Public Works 

Construction Cost : 5.5 MEURO 

 

The Highway Tunnels ΣΑ and ΣΒ are located along the K1 – K4 section of the Patra Ring Road 
motorway, which itself forms part of the Patras – Athens – Thessaloniki – Evzoni motorway. 

These are twin tunnels of 170 m and 150 m in length, having a cross sectional area of 105 m3, 
each.  They are characterized as “shallow” tunnels, with a maximum overburden of about 30 m, 
while tunnel SB passes through embankment. 

The tunnels pass through tectonically strained Neocene formations, consisting of marls and silty 
clays, ranging from stiff to hard, with pockets of dense to very dense sands and gravels. 

 
The relevant task concerns the complete final design of the project, as well as geotechnical 
consulting services during the construction of the tunnel, specifying the tunnelling and construc-
tion methods for temporary and permanent works. 

The specified tunnelling method was the New Austrian Tunneling Method (NATM) supple-
mented by geotechnical measurements. The tunnel lining system consisted of shotcrete, steel 
frames and anchors. Due to the type of geological formations and the “shallowness” of the tun-
nels, the closed (lining along all the sides of the tunnel) section was adopted, for safety reasons. 
This cross section has a width of 11.0 m and radius at the crown of 5.5 m. 

Despite the fact that the underground water table was at a substantial depth, for safety reasons, 
the design specified the construction of a drainage layer between the original substrata and the 
tunnel’s lining. 
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Patras Ring Road ΣΓ Tunnel 
Achaia Prefecture – Greece 
Services Offered: Design 2000, Construction 
Geotechnical Consultant 2000÷2002 

Location : City of Patras 

Client : PANTECHNIKI S.A. / Ministry of Environment, Regional Planning and Public Works 

Construction Cost : 3.2 MEURO 

 

ΣΓ tunnel is a twin tube tunnel, 160 m long, driven through neocen sediments.  It was con-
structed by a combination of a “cover and cut” technique and tunnelling in natural and treated by 
jet grouting ground.  Its northern end is connected with a cut and cover tunnel, while its south-
ern portal almost coincides with the abutment of a bridge. Because of the nature and the com-
plexity of the project, the Observational Method was employed for an effective risk manage-
ment. The relevant task concerns the complete final design of the project and construction su-
pervision. 

 
The geology of the area comprises of well compacted, slightly cemented conglomerates and 
stiff silty – clay marls; the first are prevailing at higher altitudes, while the latter are dominant at 
greater depths.  The ground surface is covered by a thin mantle of sandy gravel and clay, prod-
ucts of the weathering process in the area. The left tube, as seen from the north, with the high-
est overburden, was constructed by underground excavation. The right tube has been initially 
designed to be constructed partially as a cut and cover tunnel and partially as a slope tunnel. 
Unfortunately the Greek Board of Archaeology forbade any slope excavations in the area; a fac-
tor that mandated rational design and construction modifications. Consequently, an innovative 
design and construction scheme was devised. It included a series of stabilization and improve-
ment techniques in order to provide adequate lateral confinement and stability for the right tube. 
The main components of the new construction scheme were: 
- Construction of a fill embankment resting on the hill slope and stabilised by cement 

- Construction of two retaining piles walls. In the first one (upper retaining wall) the piles, 
Ø150 cm in diameter, were bored (at axial distances of 150 cm), from the crest of the em-
bankment. In the second (lower retaining wall) the piles, Ø150 cm in diameter, were bored 
every 180 cm at an intermediate level between the crest and the foot of the embankment 
slope. 
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- Improvement of the embankment section between the natural hill slope and the upper re-
taining pile wall by jet grouting. The jet grouting columns were constructed vertically or in-
clined on a triangular grid (0.70 cm center to center distance). 

- Construction of a cover and cut section where the right tube of the tunnel was excavated in 
man made ground through a “corridor” of two pile walls (Ø150 cm piles) braced with trans-
verse concrete beams on the capping beam level (ch. 4+780 – ch. 4+796). 

As a result the right tube was finally constructed as a cut and cover structure in the section ch. 
4+711.5 – ch. 4+780, as a cover and cut structure from ch. 4+780 to ch. 4+832 and with under-
ground excavation in natural and treated by jet grouting ground from ch. 4+796 to ch. 4+832 
and in natural ground from ch. 4+832 to ch. 4+861.3. 

 

An extensive observation program was implemented for monitoring the behaviour of the struc-
tures, during construction. 

Optical measurements for measuring tunnel convergence and ground surface displacements as 
well as inclinometer and extensometer readings provided valuable information about the behav-
iour of the tunnel and dictated application of contingency plans. 

The most significant of the contingency plans were: 

- Alteration / adjustment of the ring closure distance 

- Change of the length of advance for top heading and bench excavation and support. 

In addition the timely evaluation of the collected measurements and the presence of experi-
enced crew personnel were key factors in achieving significant cost and time saving.  
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Gropa Tunnel 
Trikala Prefecture – Greece 
Services Offered: Design 2001, 2005, Construction 
Geotechnical Consultant 2005÷2010 

Location : Sturnareika Village 

Client : Ministry of Environment Regional Planning and Public Works / E.T.E.TH. S.A. 

Construction Cost : 12 MEURO 

 

The Gropa Road Tunnel is located along the Pyli – Stourrnareika – Mesochora regional road, 
which is part of the Trikala – Arta main regional road in the mountainous area of South Pindos. 

The relevant task concerns the complete final design of the project, as well as geotechnical 
consulting services during the construction of the tunnel. 

The tunnel has a cross sec-
tional area of 100 m2, length 
of 1,520 m and maximum 
overburden 230 m. 

The tunnels crosses tectoni-
cally strained formations of 
South Pindos Orogenesis, 
consisting of limestones, 
flysch, limestones with cherts 
(ironstones). GSI values are 
ranging from GSI =30 up to 
GSI = 70. 

The design specified the tun-
nelling and construction 
methods for temporary and 
permanent works. 

The specified tunnelling 
method was the New Austrian 

Tunnelling Method (NATM) supplemented by geotechnical measurements. The tunnel tempo-
rary lining system consisted of shotcrete, steel frames (steel sets or lattice girders) and anchors. 
Six different cross sections of 
the temporary support were 
used along the tunnel. The 
cross section adopted near 
the portals was closed (lining 
along all the sides of the tun-
nel), with temporary (A’ 
Phase - Crown) and final in-
vert (B’ Phase – Bench), for 
safety reasons. 

Despite the fact that the un-
derground water table was at 
a substantial depth, for safety 
reasons, the design specified 
the construction of a drainage 
layer between the original 
substrata and the tunnel’s 
lining.  
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Four different typical sections of permanent lining have been designed, with open as well as 
closed section. 

During the construction of the east portal an old landslide was reactivated, and the required re-
medial measures were designed. 
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Agioi Theodoroi Tunnel 
Corinth Prefecture – Greece 
Services Offered: Design 2001÷2002, Construction 
Geotechnical Consultant 2002÷2003 

Location : Agioi Theodoroi Village 

Client : TERNA S.A. / Greek Railway Organization 

Construction Cost : 10 MEURO 

 

The Agioi Theodoroi Tunnel is located along the Athens - Korinthos high speed railway line, part 
of the Athens – Patras high speed railway line. It is a single tunnel, having a cross sectional 
area of 110 m2, length of 1,200 m and maximum overburden thickness is 44 m. 

The tunnel passes through marles, marly limestones, conglomerates, agglomerate and volcanic 
formations of dacites. GSI values 
range from GSI =15 to GSI = 75. 

 

Agioi Theodoroi Tunnel Area 

1 : Faults, 2 : Indicative Limit of the 
Volcano Dome, 3 : Hydrothermal 
Crater, 4 : Tunnel Axis, 5 : Interme-
diate Access Tunnel, 6 : Location of 
Major Fault Found 

 

The relevant task concerns the 
complete final design of the project, 
as well as geotechnical consulting 
services during the construction of 
the tunnel, specifying the tunnelling 
and construction methods for tem-
porary and permanent works. 

The specified tunnelling method 
was the New Austrian Tunnelling 
Method (NATM) supplemented by 
geotechnical measurements. The 
tunnel lining system consisted of 
shotcrete, steel frames (steel sets 
or lattice girders) and anchors. 
Forepolling was also used for the 

portals of the tunnel. Four different cross sections of the temporary support were designed. 
Three additional cross sections for the east, west and intermediate portals were also designed. 
Due to the type of geological formations and the “shallowness” of the tunnels at the portals, the 
“closed” (lining along all the sides of the tunnel) section was adopted for safety reasons, with 
temporary (A’ Phase - Crown) and final invert (B’ Phase – Bench). The remaining cross sections 
were “open”. 

Despite the fact that the underground water table was at a substantial depth, the design speci-
fied the construction of a drainage layer between the original substrata and the tunnel’s lining 
for safety reasons. 

During excavation of the top heading near the centre of the tunnel, a fissure with an opening of 
several tens of centimetres appeared at the tunnel floor, with heat coming from the fissure and a 
strong smell of H2S. Several workmen at the tunnel front feel dizzy and had breath problems. 
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Immediately geological, volcanic and geothermal supplementary investigations, mapping of the 
broader area and chemical analysis of released gases were carried out. The main results of 
these analyses were: 

• The tunnel cuts through the dome of the 
Sousaki tunnel, not far from low-
enthalpy geothermal fluids. 

• Dacites, the main formation at the tun-
nel level, are characterized by numer-
ous open fissures and cavities of rela-
tively small dimensions (in most cases 
height 1 to 2 m and diameter 0.5 to 1 
m).  

Based on the above results a revised 
construction procedure and continuous 
monitoring were decided. The measures 
adopted involved: 

• Continuous measurements of the gas 
leakage at the areas near the geothermal gas storage area and construction of vent-escape 
pipes. 

• Full closure of the tunnel section after the bench excavation at areas where cavities or insta-
bilities were expected or met. 

• Protection of the final lining against corrosion in case of gas leakage and construction of a 
fully-closed ring section lined by gas-proof membranes. 

• Establishment of a continuous and systematic monitoring program recording the ground and 
tunnel wall movements during both the construction and the operation period, based on geo-
technical and geodetic instrumentation. 

Completion of the tunnel a few months later, proved the above revised construction procedure 
was successful and the Agioi Theodoroi tunnel represents an exemplary methodology for future 
tunnels at similar environments.  
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Metsovo Tunnel 
Ioannina Prefecture – Greece 
Services Offered: Design Check 2006 

Location : Metsovo Town 

Client : EGNATIA ODOS S.A. 

Construction Cost : 60 MEURO 

 

Metsovo Tunnel is located along the Ioannina – Kozani motorway, part of the Egnatia Odos mo-
torway from the Igoumenitsa port (at the west coast of Greece) to Kipi village (next to Turkey 
border at the east).  

The relevant task concerns the check of the final design of the second tunnel tube (to the south 
of the existing one). The design was carried out by the 3G (Gruppe Geotechnik Grazz) Austrian 
company. 

It is a tunnel section with two traffic lanes, having a 
cross sectional area of 120 m2 and 3,600 m length. 
It crosses highly tectonized formations of the Pindos 
geotectonic zone. GSI values range from GSI =15 
to GSI = 75 and the designers have defined nine 
different geotechnical categories along the tunnel; 
GT1 to GT9.The maximum overburden thickness 
reaches 600 m. 

The specified tunnelling method was the New Aus-
trian Tunnelling Method (NATM) supplemented by 
geotechnical measurements. The tunnel lining sys-
tem consisted of shotcrete, steel frames (steel sets 
or lattice girders) and anchors. Forepolling was also 
introduced for the portals of the tunnel. In order to 
handle with the exceptional expected deformations 
due to squeezing problems, sliding steel sets were 
designed with Lining Stress Controllers (LSC). 

Nine (9) different cross sections A, B, C, D1, D2, 
D3, E, F and G of the temporary support were se-
lected, by a combination of the appropriate above 
support measures. Due to the type of geological 
formations and the “shallowness” of the tunnels at 
the portals, the closed (lining along all the sides of 
the tunnel) section was adopted, with temporary (A’ 
Phase - Crown) and final invert (B’ Phase – Bench), 
for safety reasons. The remaining cross sections 
are open without closed invert, in the light catego-
ries and closed with temporary and final closed in-
vert for the heavier categories. 

Nine (9) different typical sections of permanent in-
ner lining have been designed, with open and 
closed sections in respect to the temporary lining. 
Additional temporary and inner lining cross sections 
have been designed for the connections between 
the new and the old tunnel tubes. 
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Frouros and Katerina Tunnels 
Rodopi Prefecture – Greece 
Services Offered: Design 2006 

Location : North of Komotini City, Thrace 

Client : EGNATIA ODOS S.A. 

Construction Cost : - 

 

Frouros and Katerina Tunnels are located along the Komotini – Bulgarian Border motorway, 
part of the “perpendicular axis” – connection with the Egnatia Odos east – west motorway (from 
the Igoumenitsa port, to the west, to the Kipi village – Turkey border, to the east.  

The relevant task concerns the complete final design of the two tunnels. 

Both tunnels have two traffic lanes, cross section of 120 m2, and lengths of 361 m - Frouros 
Tunnel and 185 m - Katerina Tunnel.  

The tunnels are passing through gneiss formations of the Rodopi geotectonic zone. GSI values 
range from GSI =15 to GSI = 75.The maximum overburden thickness is 80 m. 

The design specified the tunnelling and construction methods for temporary and permanent 
works. 

The specified tunnelling method was the New Austrian Tunnelling Method (NATM) supple-
mented by geotechnical measurements. The tunnel lining system consisted of shotcrete, steel 
frames (steel sets or lattice girders) and anchors. Forepolling was also introduced for the portals 
of the tunnel.  

Four (4) different cross sections I, II, III, IV of the temporary support were defined, combining 
the appropriate support measures as above. Due to the type of geological formations and the 
“shallowness” of the tunnels at the portals, the closed (lining along all the sides of the tunnel) 
section was adopted, with temporary (A’ Phase - Crown) and final invert (B’ Phase – Bench), for 
safety reasons. The remaining cross sections are open without closed invert, in the light catego-
ries and closed with temporary and final closed invert for the heavier categories. 

Four (4) different typical sections of permanent inner lining have been designed, with open and 
closed sections in respect to the temporary lining. Despite the fact that the underground water 
table is at a substantial depth, for safety reasons the design specified the construction of a 
drainage layer between the original substrata and the tunnel’s lining. 

  



PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Tunnels (#2.9 GALATINI) 

Galatini Tunnel 
Kozani Prefecture – Greece 
Services Offered: Design 2004÷2005 

Location : Galatini Village 

Client : Kozani Prefecture Regional Administration 

Construction Cost : 2.5 MEURO 

 

Galatini Tunnel is located at the southeast-east slope of Askio Mountain, 500 m from Galatini 
village.   

Galatini Tunnel is a sewage tunnel, of a horseshoe shape with a 3 m width and 4 m height. Its 
length is 695 m, of which 142 m were constructed as cut & cover section and the rest 553 m 
tunnelled. 

The tunnel passes through limestone formations which present, locally, extensive carstification. 
GSI values range from GSI =25 to GSI = 75. The maximum overburden thickness is 60 m. 

 
The relevant task concerns the complete final design of the tunnel. 

The design specified the tunnelling and construction methodsfor both temporary and permanent 
works. 

The specified tunnelling method was the New Austrian Tunnelling Method (NATM) supple-
mented by geotechnical measurements. The tunnel lining system consisted of shotcrete, steel 
frames (steel sets or lattice girders) and anchors. Forepolling was also introduced for the portals 
of the tunnel.  

  
Four (4) different cross sections I, II, III, IV of the temporary support were defined, combining 
the aforementioned support measures. Due to the type of geological formations and the “shal-
lowness” of the tunnels at the portals, forepolling was used for safety reasons. All cross sections 
are open without closed invert and tunnelling took place as a full face excavation. 

Four (4) different typical sections of permanent inner lining have been designed, with closed 
sections in respect to the temporary lining. Inside the tunnel a steel pipe of 500 mm will be 
placed, for the transportation of sewage fluids of Galatini village to the sewage treatment plant, 
embedded in a second stage concrete. The remaining of the area of the tunnel will serve as a 
free flow for flood-preventing protection of Galatini village. 
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Peristeri - Anthoupoli Athens 
METRO Extension 
Attiki Prefecture – Greece 
Services Offered: Design 2006÷2008, Construction 
Geotechnical Consultants 2006÷2008 

Location : Athens / Peristeri 

Client : J&P-AVAX S.A. – FCC S.A. J.V. / ATTIKO METRO S.A. 

Construction Cost : 80 MEURO (for tunnels, shafts and stations) 

 

The Peristeri – Anthoupoli is an extension of the Athens Metro Line 3 to the west-northwest of 
Athens. It consist of one tunnel, 289 m long, the Peristeri and Anthoupoli Stations, and associ-
ated entrances’ tunnels, shafts etc.  

The relevant task concerns the complete final design of the tunnel between the Agios Antonios 
and Peristeri Stations and the access tunnel to the main tunnel, as well as geotechnical consult-
ing services during the construction of the project. 

The structure was excavated in Metalimestones, Metasiltstones and Metasnandstones forma-
tions of the Athens Schist, which present extensive tectonism and high weathering. GSI values 
range from GSI =25 to GSI = 65. 

The tunnel has been design according to the principles of NATM. Three different temporary 
support cross sections were defined, using fibre and wire mesh reinforced shotcrete, swellex 
rock bolts and lattice girders. For the heavier support category forepolling was also applied.    

The access tunnel from the bottom of the access shaft (l = 22 m) was also constructed similarly. 
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Piraeus Port Subsea Pedestrian and 
Submerged Road Tunnels 
Attiki Prefecture – Greece 
Services Offered: Preliminary Design – Feasibility 
Study 2010 

Location : Piraeus 

Client : PIRAEUS PORT AUTHORITY S.A. 

Estimated Cost : Pedestrian Tunnel 12 MEURO, Road Tunnel 81.55 ÷ 127.92 MEURO 

 

Piraeus, the largest port in Greece and one of the largest ports in the Mediterranean Sea, plays 
a crucial role in the development of international trade as well as in the local and national econ-
omy. Piraeus Port connects continental Greece with the islands, is an international cruise centre 
and a commercial hub for the Mediterranean, providing services to ships of any type and size. 
In order for Piraeus Port to maintain its lead position in the world of cruising, a new investment 
plan has been issued. New major projects expanding the port docks to the sea in combination 
with other rehabilitation projects such as luxury hotels, museums, a conference center and the 
reclamation of the nearby archaeological site, created the need for upgrading the transportation 
system of the port. 

According to the investement plan the trans-
portation system will be upgraded by the con-
struction of an elevated monorail around the 
port and a pedestrian tunnel in the narrower 
part. The latter will connect the cultural coast 
with the cruises docking area and will radi-
cally decrease walking access time. Also, the 
potentiality for the construction of a peripheral 
submerged road tunnel is currently examined.      

Subsea Pedestrian Tunnel (green) 

A preliminary design for the construction of a 
200 m subsea pedestrian tunnel and its affili-
ated access shafts was performed. The tun-
nel passes through sound impermeable limey 
limestone formations with high GSI values. 
The vertical alignment was defined in a way to maintain a minimum rock cover thickness of 10 
m in the sound formation, which led to a maximum tunnel depth of 45 m. 

The preliminary design specified the architectural layout, the construction methods and the me-
chanical installations for both the tunnel and the access shafts. 

 
 
The specified tunnelling method was the New Austrian Tunnelling Method (NATM) supple-
mented by geotechnical measurements. Three different cross sections of the temporary support 
were defined, combining support measures which consisted of shotcrete, steel frames (steel 
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sets or lattice girders) and anchors. Forepolling was also introduced for the portals of the tunnel. 
Also, the permanent inner lining has been designed, with reinforced concrete closed sections.  

 
The two identical access shafts are approximate 50 m long. The excavation and support se-
quence were determined. The temporary support measures consist of a combination of fiber 
reinforced shotcrete, peripheral struts and both active and passive rock bolts.  

 
 
 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Submerged Road Tunnel (pink) 

Three alternative solutions for the submerged tunnel have been ex-
amined, depending on its alignment and the number of traffic lanes, 
i.e. one tube with one lane per direction or two tubes with two lanes 
each.  
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Stalida Tunnel 
Irakleio Prefecture – Greece 
Services Offered: Investigations and Preliminary De-
sign 1997 
Location : Stalida Village 

Client : Ministry of Environment Regional Planning and Public Works 

Construction Cost : 1.4 MEURO 

 

The Stalida tunnel has been constructed along the North Road Axis of Crete, near Stalida Vil-
lage and the Hersonissos Resort. The tunnel length is 410 m and its cross section has an area 
of 100 m2). 

The tunnel crosses a hill consisting of dolomite and dolomitic breccia, intensely carstified and 
sheared. 

The relevant task concerns the execution of geological, geophysical and geotechnical investiga-
tions, and consequently the preliminary design of the tunnel, which was later tendered on a de-
sign and construct base, without changing the initial design. 

 
Three boreholes were drilled at the portals of the tunnel, while a detailed geological mapping of 
the ground surface was performed along the tunnel axis, including discontinuities analyses in 
characteristic locations. Furthermore, a geophysical investigation was conducted in order to ve-
rify the existence of a system of faults at the level of the tunnel axis, which have been mapped 
on the ground surface.  
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Fira Slopes Stabilization, Santorini 
Island 
Cyclades Prefecture – Greece 
Services Offered: Investigation & Design 1994 

Location : Fira Town 

Client : Cyclades Prefecture Regional Administration 

Construction Cost : - 

 

Santorini or Thira is an island in the middle of the South Aegean Sea, 63 nautical miles north of 
Crete. The present-day crescent shape of the island is a consequence of the activity of the vol-
cano in prehistoric times. The island itself owes its very existence to the volcano. 

The last huge eruption of the volcano dates back 3,700 years, in 
the late Bronze Age. Thirty million cubic meters of magma in the 
form of pumice and ash were blown to a height of up to 36 kilome-
ters above the island.  Pumice deposits, dozens of meters thick, 
buried one of the most prosperous pre-historic settlements of that 
period, feeding the myth of lost Atlantis. 

Caldera’s slopes consist of alternate hard (mainly laves) and soft 
(scoriae and tephra) volcanic rock formations. 

Numerous rock falls have been experienced in the past, which 
killed several animals, caused damages to Gialos buildings (under 
Fira town) and threatened human lives. 

The relevant task concerned geotechnical, geological, tectonic, hydrogeological and petro-
graphic investigation of the wider region and appraisal of the volcanic and earthquake risk. 
Based on the results of these investigations, the destabilisation mechanisms of the rocks were 
examined.  
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The failure mechanisms observed are wedge or plain failures, toppling and combination of them. 
The wedge or plain failures are due to sliding on pre-existing discontinuities, while the toppling 
failures are due to erosion of soft rock strata, underlying hard rock strata. The high earthquake 
activity of the area, as well as the uncontrolled underground disposal of Fira’s sewage consti-
tutes the main triggering factors of the failures. 

Twelve hazardous sites (HS) were studied and structures have been designed for minimizing 
the risk of fatalities and damages to property.  

Retaining walls were the main structures built in the past. The recent works consisted of retaining 
walls as well as of shotcreting, bolting and strapping. An attempt was made to adapt the struc-
tures to the surrounding environment, using construction materials from the particular location of 
each structure and coloured white cement.  
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Tsambika Landslide, Rodos Island 
Dodekanissa Prefecture – Greece 
Services Offered: Investigation & Design 1999 

Location : Tsambika Village 

Client : Dodekanissa Prefecture Regional Administration 

Construction Cost : - 

 

The project aimed at investigating the geological / geotechnical phenomena (landslides) that 
occurred along the Rodos – Lindos National Road at Tsambika site and proposing corrective 
measures for the stabilization of the area, as well as for the safe construction of a sewage pipe 
through this area. 

For the purposes of the design we performed: 

a. Geological and geotechnical reconnaissance of 
the area. 

b. Geological mapping 
c. Geophysical investigation using the methods of 

seismic reflection and electrical tomography. 
d. Evaluation of the results. 
e. Stability analysis of the slopes in the area. 

Geological mapping aimed at determining the geologi-
cal, hydrogeological and tectonic structure of the 
greater and local area, as well as the limits of the land-
slide soil mass. 

The geophysical investigation was also conducted in 
order to have a more complete picture of the failure 
surface. This investigation led to more detailed evalua-
tions as far as it concerns the quality, the degree of 
disturbance and the geometry of the sub base and of 
the sliding mass. 

The results of the geological mapping and the geo-
physical investigation led to safe assumptions about 
the causes, the mechanisms and the geometry of the 
landslide phenomena in the area. 

The stability analysis helped in verifying the assumptions made for the mechanism that led to 
failures. It also helped at defining 
the stability conditions in the 
area. 

Based on the results of the 
analyses, specific proposals and 
directions were made in order to 
secure both the stability of the 
National Road and the safe con-
struction of the sewage pipe in 
the area. 
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Anthohori Landslide 
Ioannina Prefecture – Greece 
Services Offered: Investigation & Design 2000÷2001 

Location : Anthohori Village 

Client : AVAX S.A. – MOCHLOS S.A. – MECHANIKI S.A. JOINT VENTURE / EGNATIA ODOS 
S.A. 

Construction Cost : 3.0 MEURO 

 

The Egnatia Odos Motorway project comprises the construction of a 650 km road from the port 
of Igoumenitsa, at the NW coast of Greece, through Macedonia and Thrace, to Alexandroupolis, 
a city situated near the border with Turkey. 

A big part of the motorway “cuts” through the mountains of Pindus and the ‘wild flysch’ forma-
tions - chaotic structure with significant content of intact rock blocks in a silt-sandstone matrix - 
resulted from the thrust of the Pindus geotectonic zone over the Ionian zone. 

Near the village of Anthochori the alignment of the motorway called for the construction of a 190 
m long embankment on the slope at the west portal area of the Anthochori tunnel. The tempo-
rary placement of excavation materials reactivated what was recognised later on as a pre-
existing landslide. At the toe of the slope the Metsovitikos River is flowing, adding to the instabil-
ity of the area. 

The relevant task concerns detailed geological and geotechnical investigations, in order to de-
fine the geometry of the slip surface and the geomechanical properties of the soil layers above, 
below and along the slip surface itself and the design of remedial measures for the stabilization 
of the landslide, as well as of the embankment over the landslide. 

The geotechnical investigations comprised of an extensive borehole scheme and a laboratory 
program with emphasis on ring shear testing of high quality, undisturbed, samples taken from 
the slip surface neighbourhood. 

Inclinometeres and piezometeres were also installed in the landslide area, in order to identify 
the failure surface and the rate of the displacements as well as the poor pressure regime along 
the slip surface. 

The dimensions of the sliding mass (of the order of 450m x 100m at the toe and 140 m uphill), 
the fact that tension cracks were propagating upslope under constant loading and the “history” 
of the failure led to the conclusion that the situation in hand could be the reactivation of an old 
pre-existing landslide. 
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3. ΜΕΤΡΙΑ                               ΔΙΑΤΜΗΜΕΝΟΣ ΙΛΥΟΛΙΘΟΣ

This conclusion was justified primarily by the geological investigations that followed failure, es-
pecially by the geomorphology of the greater area as well as “geological history” of that region 
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of Greece, which is well known for frequent natural slope failures, caused primarily by the heavy 
rain falls occurring during fall and winter, and finally verified by the geotechnical investigations. 

Residual strength along the slip surface was estimated through back analysis of the actual fail-
ure and a comprehensive series of consolidated drained shear laboratory tests, on high quality 
soil samples taken directly from the slip surface. 

 
The analyses showed that, on the long run, the weight of the embankment and any materials 
deposited on the surface of the sliding mass acts positively on the stability of the mass. How-
ever, the short term stability is the problem, due to the development of excess pore water pres-
sures. 

The sliding mass has been stabilized with 
the construction of a toe weight, combined 
with a grid of deep drainage ditches at the 
central area of the sliding mass. To avoid 
erosion problems because of the Metso-
vitikos River, a 10 m high retaining wall 
made of gabions was constructed next to 
the river bed. Furthermore, because the 
surface of the sliding mass was crossed by 
a couple of streams, which should not be 
blocked by the toe weight fill, their beds 
were reconstituted using ARMCO type 
tubes. These tubes can deform and follow 
the fill settlements without being cracked, 
as a concrete culvert. 

Finally, the motorway embankment was 
constructed using reinforcing geogrids in 
order to minimize its weight and to use ma-
terials from adjacent excavations. 
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Satah Al Razboot – Field 
Development Project 
Abu Dhabi – United Arab Emirates 
Services Offered: Alternative Design 2011, Consultant During Tende Stage 
2012 

Location : Zirku Island, Abu Dhabi 

Client : ATHENA EMIRATES LLC / Abu Dhabi Marine Operating Company (ADMA-OPCO) 

Estimated Cost : 250 MEURO 

 

ADMA –OPCO is developing the SABR oil field located in the Arabian Golf in the UAE, ap-
proximately 120 km offshore northwest of Abu Dhabi City and 20 km to the southeast of Zirku 
Island, which accommodates the facilities of another offshore oil company, Zakum Development 
Company (ZADCO). 

The SABR processing, storage and offloading facilities will be located on Zirku Island. 

The onshore facilities will comprise, primarily, processing and tank farm areas with an intercon-
necting pipeline, a jetty, a seawater intake, crude loading line from tank farm to an offshore 
SPM and a personnel accommodation compound.  

The island is hilly with considerable elevation variations and a significant cut and fill work be 
required to provide a relatively level surface area for the proposed development and to achieve 
the proposed project rough grade levels. It is likely that areas of fill may approach 25+ meters 
depth and areas of cut may approach 50+ meters depth. Thus, according to preliminary design, 
a significant amount of earthworks will take place, consisting of excavations of 13.6 M cubic me-
ters and 4.7 M cubic meters of fillings. 

The ground conditions on site consist of a complex mixture of sedimentary and igneous rocks, 
weathered and altered. 
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The consultancy services included: 

• Geotechnical evaluation of the preliminary geotechnical, geological and geophysical inves-
tigations 

• Verification of preliminary cut slope design 
• Verification of preliminary embankment design 
• Verification of preliminary pavement design 
• Verification of preliminary drainage system design 
• Alternative design of earthworks, which limits the excavations volume to 10.6 M cubic me-

ters and increases fillings volume to 4.8 M cubic meters. As a result, a 42% reduction of 
surplus material and a 20% reduction of construction duration were achieved. 
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North Motorway of Crete (BOAK) / 
Gournes - Hersonissos Section 
Iraklion Prefecture – Greece 
Services Offered: Design 2008÷2011 

Location : Gournes Interchange to Hersonissos Interchange 

Client : Ministry of Environment Regional Planning and Public Works 

Construction Cost : - 

 

The North Motorway of Crete crosses the island from its west end (Kissamos Town) to its east 
end (Sitia Town) passing through the major cities of the north in an alternating landscape of 
mountains and plains.  

The geology of the Gournes – Hersonissos Section comprises mainly of Miocene marls and 
marly limestones.   

The relevant task concerns the preliminary and final detailed geotechnical designs of the follow-
ing structures. 

• Fourteen (14) bridges for the passage of regional roads over or under the motorway,  

• Four (4) bridges ΓΦ1, ΓΦ2, ΓΦ3 and ΓΦ4,  

• Embankments 1 and 2,  

• Six (6) slope cuts and the slope cuts for the construction of the ΓΦ4 bridge piers,  

• Eight (8) pile retaining walls TX1, TX2, TX3, TX6, TX7, TX13, ΤΧ14, TX15. 

 

 
 

 



PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Road & Railway Works (#4.5 BOAK KALYVES) 

North Motorway of Crete (BOAK) / 
Kalyves - Vrysses Section 
Chania Prefecture – Greece 
Services Offered: Design 2007÷2011 

Location : Kalyves Interchange to Vrysses Interchange 

Client : Ministry of Environment Regional Planning and Public Works 

Construction Cost : - 

 

The North Motorway of Crete crosses the island from its west end (Kissamos Town) to its east 
end (Sitia Town) passing through the major cities of the north in an alternating landscape of 
mountains and plains.  

The geology of the Kalyves – Vrysses Section comprises of Miocene marls and marly lime-
stones and dolomitic limestones of the indigenous system.   

The relevant task concerns the preliminary and final detailed geotechnical designs of the follow-
ing structures. 

• Three bridges for the passage of regional roads under the motorway, 

• One twin valley bridge (including the design for slope cuts for the construction of the four 
bridge piers), 

 

 

 
• Two twin tunnels (excavation, primary support and portals). 
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Larissa – Kozani Perpendicular           
Motorway Axis to Egnatia Odos  
 / Kozani - Rymnio Section 
Kozani Prefecture – Greece 
Services Offered: Design 2010÷2011 

Location : Lefkovrissi Village to Rymnio Village 

Client : Kozani Prefecture Regional Administration 

Construction Cost : - 

 

The project concerns the design of a 16 km motorway, starting from the Kozani Ring Road and 
ending at the Polyphytos Lake. It is a section of the “Niki – Larissa Prefecture Border” perpen-
dicular to the Egnatia Odos Motorway axis, with a southeast to northwest orientation.  

The area crossed by the motorway is plane to hilly, while the geological setting of the area con-
sists of Pleistocene deposits, overlaying Neocene marles, marly limestones, sandstones and 
conglomerates. 

 

 
Geological setting of the area of the motorway axis 

 

The relevant task comprises the following activities: 

Preliminary and Final Detailed geotechnical designs for the following structures: 

• Three (3) bridges, ΓΦ1, ΓΦ3 and ΓΦ4, 

• Six (6) bridges for the passage of regional roads over or under the motorway ΑΔ1, ΑΔ2, 
ΚΔ4, ΚΔ7, ΚΔ8, and ΚΔ9, 

• Slope Cuts along the whole road axis. 
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New Port of Igoumenitsa 
Thesprotia Prefecture – Greece 
Services Offered: Construction Geotechnical                         
Consultant  1999÷2000 

Location : Igoumenitsa City 

Client : ATHINA S.A. – F.C.C. S.A. Joint Venture / Ministry of Environment Regional Planning 
and Public Works 

Construction Cost : 43 MEURO 

 

The new Port of Igoumenitsa, about 350 m south of the existing one, comprises the following 
structures: 

• Quay walls made of cellular caissons. Their length is 760 m and their depth about 11 m. 

• Passengers’ Terminal (area about 4,000 m2) 

• The required infrastructure for the creation of docks (area about 210,000 m2). 

The soil formations, under the sea bottom, consist of soft clayey silts, characterized by high 
compressibility and low strength, having a thickness varying from 14 m to 17 m.  

Due to these adverse geotechnical conditions and the high seismic risk of the area, special pro-
cedures had to be employed for the safety of the foundation, such as: 

• Improvement of the clayey ground layers through preloading and wick drains, as well as 
strengthening of these layers by the use of gravel piles. 

• Application of an observational construction method for the project. 

Regarding the need for an observational construction method, PANGAEA carried out the design 
of a geotechnical instrumentation system (settlement plates, electrical piezometers, inclinome-
ters etc) and CPT tests, as well as evaluation of the measurements for the assessment of the 
behaviour of the structures during the stages of the project implementation. 
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Restoration of MABE Asbestos    
Sloping Tailings 
Kozani Prefecture – Greece 
Services Offered: Design 2004÷2005 

Location : Zidani Village 

Client : Kozani Prefecture Regional Administration 

Construction Cost : 68 MEURO 

 

Following the closure of an old asbestos mine near Zidani Village, Kozani Prefecture, Greece, 
the geotechnical and environmental restoration of the tailings slopes was required. The geo-
technical aspects of the restoration included the reshaping of the slopes, combined with drain-
age works, in order to increase their stability. The environmental aspects of the restoration in-
cluded covering the slopes with successive layers of soil in order to minimize infiltration of rain-
water, and hence the potential for further transport of asbestos fibres, and to provide a suitable 
layer for the vegetation of the slope.  

The tailings have been deposited north 
and east of the asbestos-processing in-
stallations and the mine itself on an exist-
ing slope, forming an inverted L shape 
deposit. These relatively fine tailings con-
sist mainly of geomaterials of particle size 
of gravel – sand to silt – clay, and have 
created slopes of 100 ÷ 150 m height, 
with 33° ÷ 37° inclination. At the south-
eastern side of the mine and next to the 
aforementioned fine deposits, coarser 
spoils from the mine excavations have 
been also deposited, with slope height of 
30 m to 60 m and inclination of 30° to 40°. 
The particle size of these deposits ranges from gravel size to rock fragments up to 2 m.  

The deposition of the tailings has completely blocked a ravine, while the toe of the north-eastern 
deposits is blocking another ravine, thus creating a small artificial lake. The first instability phe-
nomena were observed in 1987 in the form of flexural – shear fractures on the surface of the 
deposits of the “fine” tailings. At that time, the mine and the processing installations were still in 
operation and the deposits were continuously extended. The maximum displacements of the 
slopes were on the order of 8 cm to 21 cm per day. The average weekly displacements were on 
the order of 1.5 m per week. The displacements of the bedrock were on the order of 4 cm to 14 
cm per day, averaging 65 cm per week. 

The overall goal of the approved environmental terms and conditions is three-fold: to achieve 
stability of the tailings slopes, to prevent asbestos fibres transport in the atmosphere and to 
minimize further dispersion of asbestos fibres by surface water or groundwater. To achieve this 
goal, the following measures have being applied: Regrading of slopes, employing a combination 
of slopes and terraces, in order to attain the desired factor of safety against movement and fail-
ure. Covering of the slopes by a 0.4 m - thick topsoil cover suitable for planting. Extensive plant-
ing of the slopes, which contributes to the restoration of the landscape, as well as to the protec-
tion of the slopes against erosion and uncovering of the asbestos-containing material under-
neath. The terraces include a 1 m-deep clay layer, which supports taller vegetation (trees) and 
prevent infiltration of rainwater through the horizontal portions of the regraded surfaces. Finally, 
collection of the surface runoff through a network of ditches and discharged outside the site 
boundary. 



PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Environment Protection (#6.4 MABE) 

 

 

 
 

27.0°

39.8°

22.4°

intermediate terraces

of tailings
existing slope

proposed slope

mean inclination 
of proposed slope

natural ground

inclination of existing slope



PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Environment Protection (#6.5 PPC TAILINGS) 

Settlements Estimation of PPC         
Mining tailings – New Soulou River 
Banks Waterproofing 
Kozani Prefecture – Greece 
Services Offered: Geotechnical Investigations and De-
sign 2010÷2011 

Location : Kardia Village 

Client : Public Power Corporation of Greece 

Construction Cost : - 

 

Due to the extension of the Kardia lignite open mine to the west, a number of structures have to 
be relocated. The project concerns the realignment of Soulou River, of the Kozani – Ptolemaida 
National Road and of the Kozani – Ptolemaida railway line, as well as a number of belt convey-
ors and a steel pipeline, transferring water from the Polyphytos Lake to the thermoelectric 
power plants, which have to pass over a 165 m maximum thickness and 3,000 m long deposit 
of mining tails of the last 20 years. 

The design aimed at estimating the time de-
velopment of the tailings settlements, in order 
to define the suitable time for the construction 
works, as well as defining the appropriate 
water proofing system for the new Soulou 
River bank. 

An extensive geotechnical investigation pro-
gram was executed. Ten (10) “shallow” ex-
ploratory boreholes with depths up to 50 m 
each and two (2) deep exploratory boreholes 
with 126 m and 148 m depth were bored. 
Continuous sampling and extensive in situ 
testing took place in order to estimate the 
strength and the in situ permeability of the chaotic tailings formations. Extensive laboratory test-
ing was also performed. 

Mining tailing formations consist from alternate layers of sands, silts 
and clays with lignite, in a chaotic structure. Based on in situ perme-
ability tests, settlement calculations were performed using the Finite 
Difference Method (program Settle 3D) and the Finite Element 
Method (programm Plaxis 2D). The results showed that the settle-
ments will continue up to the end 2014, when – practically – all the 
excess pore pressures will have dissipated. Based on that, construc-
tion of the Railway and of the Highway can start from the beginning 
of 2015. However, since the settlements have minor effect on the 
new Soulou River banks, construction started in September 2010 
and was completed at the end of 2011. 

A water proofing system consisting of a clay liner has been applied. 
Three different cross sections were given for the river banks con-
struction either in an excavation, or 
on an embankment or in a mixed 
situation. Appropriate construction 
instructions and quality control pro-
cedures were also defined.  
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Lavrion Underground Hazardous 
Waste Repository 
Attiki Prefecture – Greece 
Services Offered: Design 2005÷2006, Construction 
Geotechnical Consultants 2006÷2010 

Location : Lavrion Town 

Client : PROET S.A. / National technical University of Athens 

Construction Cost : 2.5 MEURO 

 

The Lavrion Underground Hazardous Waste Repository is located within the Technological and 
Cultural Park of Lavrion, which belong to the National Technical University of Athens, 500 m 
from the centre of Lavrion Town, in the old industrial mining area of Lavreotiki. 

The relevant task concerns the complete final design of the repository and consultant services 
during its construction. 

The repository will be used for the industrial waste produced during periods from 1870 to 1980, 
the majority of which are temporary deposited in the “Konofagos” building. These are mainly 
arsenic waste with high concentration of lead.   

The underground space has dimensions of 75 m x 33 m and 5.5 m height and has been de-
signed and constructed by the room and pillar method. Pillars have rectangular shape with 7m 
side, leaving an open excavated area of 7 m by 6 m in between. A total of 10 pillars have been 
constructed leaving a total free area of 1,900 m2 for waste repository.  

 
To access the area a tunnel of 183 m length has been excavated, with a horse shoe shape of 
4.5 m width and 5.5 m in height. An access shaft has also been constructed of 36 m depth, with 
an orthogonal telescopic section of 6.40 m X 7 m for the first 4m and 5 m X 5.6 m up to its final 
depth. 

The geology of the area comprises a top layer of formations of the new Hellenic tectonic cover, 
consisting of crystalline limestones and grafitic schists, which present extensive tectonism with 
fault structure as a dominance, followed by the formation of the upper marble of the indigenous 
system. The repository has been constructed within the upper marble formation, with GSI val-
ues ranging from GSI = 50 to GSI = 60. The maximum overburden thickness is 40 m. 

The tunnel and the shaft pass through the limestones and the grafitic, which have GSI values 
ranging from GSI =25 to GSI = 40.  
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The temporary lining system of the underground space and of the access shaft consisted of 10 
cm shotcrete reinforced with fibres and swellex rockbolts. Permanent lining consisted of 15 cm 
shotcrete reinforced with T188 wire mesh.  

 

    

  
 

   

  
For the access tunnel construction additional latice girders and spilling was used for the shallow 
portal entrance. 

Σκυρόδεμα δαπέδου 20 cm
Βιομηχανικό δάπεδο

Εκτοξευόμενο σκυρόδεμα 25 cm
1η στρώση 10 cm ινοπλ. εκτ. σκυροδ.
2η στρώση 15 cm εκτ. σκυρ. με πλέγμα

Αγκύρια τύπου Swellex μήκους 
3.5 m σε κάνναβο 1.4 x 1.4 m
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Peristeri - Anthoupoli Athens 
METRO Extension 
Attiki Prefecture – Greece 
Services Offered: Design 2006÷2008, Construction 
Geotechnical Consultants 2006÷2008 

Location : Athens / Peristeri 

Client : J&P-AVAX S.A. – FCC S.A. J.V. / ATTIKO METRO S.A. 

Construction Cost : 80 MEURO 

 

The Peristeri – Anthoupoli is an extension of the Athens Metro Line 3 to the west-northwest of 
Athens. It consist of one tunnel, 289 m long, the Peristeri and Anthoupoli Stations, and associ-
ated entrances’ tunnels, shafts etc.  

The relevant task concerns the complete final design of the tunnelled part of the Peristeri Sta-
tion (l = 45 m), as well as geotechnical consulting services during the construction of the project. 

The structure was excavated in Meta-limestones, Meta-siltstones and Meta-sandstones forma-
tions of the Athens Schist, which present extensive tectonism and high weathering. GSI values 
range from GSI =25 to GSI = 65. It has a width of 18.50 m and height of 14.50 m. Due to the 
shallow cover (8 m), the side drift methodology was proposed with temporary lining from steel 
fibre shotcrete, swellex rock bolts and lattice girders. 
 

η
1   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE1st

η2   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE2st

η3   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE3st

η
4   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE4st

η5   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE5st

η6   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE6st

η7   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE7st

η8   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE8st

η
9   ΦΑΣΗ ΕΚ ΣΚ ΑΦΗΣ

  EX CAV ATION PHASE9st

η10   (ΤΕ ΛΙΚΗ ) ΦΑ ΣΗ  Ε ΚΣΚΑΦΗΣ

  (FINA L)EX CA VA TION PHASE10st

Κ ΕΦΑΛ ΟΔ ΕΣΜΟ Σ ΦΡ ΕΑ ΤΟ ΠΑ ΣΣΑΛ ΩΝ  1.20 m x 1.50 m
Α ΠΟ ΕΓΧ ΥΤΟ  ΩΠ ΛΙΣΜΕΝ Ο ΣΚΥΡ ΟΔΕΜΑ

P ILE  C A P  1 .20  m  x  1.50 m  FROM
IN SITU  C AS T RE IN FO RC ED CONCRETE

Π ΡΟΕ ΝΤΕ ΤΑΜΕΝΕ Σ Κ ΑΛΩ ΔΙΩ ΤΕΣ ΑΓΚΥΡ ΩΣΕΙΣ
Β ΛΕ ΠΕ  ΣΧΕ ΔΙΟ 2S W2CW301-305

P RESTRE SSED C ABLE A NCHORS

S EE  D RA WING  2SW2C W301-305

ΟΜΑΔ Α Π ΑΣΣΑΛΩ Ν 7
Φ 100 - L=27.00m

G RO UP O FPILES7

ΟΜΑΔ Α Π ΑΣΣΑΛΩ Ν 7
Φ 100 - L=27.00m

G RO UP O FPILES7

ΟΜΑ ΔΑ  Π ΑΣΣΑ ΛΩΝ 11
Φ 100  - L=32.35m

G RO UP  O F PILE S 11

Φ 100  - L=32.35m

ΟΜΑ ΔΑ  Π ΑΣΣΑ ΛΩΝ 11
Φ 100 - L=32.35m

G RO UP  O F PILE S 11

Φ 100 - L=32.35m

ΟΜΑ ΔΑ  Π ΑΣΣΑ ΛΩΝ 12

Φ 100 - L=7.18m
G RO UP  O F PILE S 12

Φ 100 - L=7.18m

ΟΜΑ Δ Α  Π Α ΣΣΑ Λ Ω Ν  8 - Φ100 - L=11.05m

G R O U P  O F P ILE S  8 - Φ100 - L=11.05m

ΟΜΑ Δ Α  Π Α ΣΣΑ Λ Ω Ν  9 - Φ100 - L=9.54m

G R O U P  O F P ILE S  9 - Φ100 - L=9.54m

ΟΜΑ Δ Α  Π Α ΣΣΑ Λ Ω Ν  8 - Φ100 - L=11.05m

G R O U P  O F P ILE S  8  - Φ100 - L=11.05m

ΟΜΑ Δ Α  Π Α ΣΣΑ Λ Ω Ν  9 - Φ100 - L=9.54m

G R O U P  O F P ILE S  9 - Φ100 - L=9.54mΟΜΑ ΔΑ  Π ΑΣΣΑ ΛΩΝ 10
Φ 100  - L=μεταβλ.

G RO UP  O F PILE S 10
Φ 100 - L=var.

ΟΜΑ ΔΑ  Π ΑΣΣΑ ΛΩΝ 10
Φ 100 - L=μεταβλ.

G RO UP  O F PILE S 10
Φ 100 - L=var.

ΣΥΝΔ ΕΤΗ ΡΙΑ  ΔΟ ΚΟΣ ΦΡ ΕΑΤΟΠΑ ΣΣΑ ΛΩΝ  ΑΠΟ
Ε ΓΧΥ ΤΟ ΩΠΛ ΙΣΜΕΝΟ  ΣΚ ΥΡΟΔΕΜΑ

Δ ΙΑ ΣΤΑ ΣΕ Ω Ν  0 .60 m X 1.00 m
P ILE CO NN EC TION  B EA M FR OM  IN SITU CAST

R EINFOR CE D CO NC RETE WITH
D IM E N S IO N S  0.60 m X 1.00 m
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PANGAEA CONSULTING ENGINEERS - ATHENS - GREECE Retaining Structures (#18.1 METRO PERISTERI) 

Peristeri - Anthoupoli Athens 
METRO Extension 
Attiki Prefecture – Greece 
Services Offered: Design 2006÷2008, Construction 
Geotechnical Consultants 2006÷2008 

Location : Athens / Peristeri 

Client : J&P-AVAX S.A. – FCC S.A. J.V. / ATTIKO METRO S.A. 

Construction Cost : 80 MEURO (for tunnels, shafts and stations) 

 

The Peristeri – Anthoupoli is an extension of the Athens Metro Line 3 to the west-northwest of 
Athens. It consist of one tunnel, 289 m long, the Peristeri and Anthoupoli Stations, and associ-
ated entrances’ tunnels, shafts etc.  

The relevant task concerns the complete final design of the Cut & Cover part of the Peristeri 
Station, the West Shaft (C&C) of Peristeri Station and the Access Shaft to the tunnel between 
Agios Antonios and Peristeri Stations, as well as geotechnical consulting services during the 
construction of the project. 

All the structures were excavated in Metalimestones, Metasiltstones and Metasnandstones for-
mations of the Athens Schist, which present extensive tectonism and high weathering. GSI val-
ues range from GSI =25 to GSI = 65. 

Peristeri Station is a Cut & Cover structure with 32 m maximum depth and rather irregular shape 
in plan (l = 78 m, w1 = 23 m, w2 = 51 m, w3 = 33 m). Due to the existence of significant buildings 
and monuments next to the excavations boundaries, there were strict limitations concerning the 
maximum allowable deformations. The final retaining wall used Ø1000 concrete piles every 1.5 
m, with 34.65 m length, pile cap and a combination of struts and prestressed anchors. 
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West shaft is adjacent to Peristeri Station and served as a shaft in order to pull out the head of 
thr OFS (Open Face Shield) of a previous project. It is a cylinder with 22 m internal diameter 
and 24.10 m depth. The retaining wall system consisted of piles and rock bolts. 

Access shaft to the double track tunnel was also excavated using a retaining wall system of 
concrete piles and rock bolts.  

 

Fill  Conglomerate - 
Breccia 

Sandstone  
Athenian Schist  

Siltstone  

Evaggelistria 
Church 
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SITE INVESTIGATIONS AND 
SPECIAL GEOTECHNICAL WORKS

131 Kifissias Avenue, GR-11524 ATHENS, GREECE 
Tel. +30.210.6915926, Fax. +30.210.6928137, e-mail: pangaea@otenet.gr 
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32, Paga Str & 2, Vourou Str , 
GR-11524 Athens 
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Email: pangaea@otenet.gr 

DESIGN – FEASIBILITY STUDIES   
SOIL & ROCK INVESTIGATIONS
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SERVICES PROJECT           

MANAGEMENT 
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