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Abstract

A typical example of dam foundation on Neogenic conglomerate deposits is pre-
sented in this paper. The case of Agiokampos dam in east Thessaly in central
Greece. The level of natural compactness and the nature of the cementing material
are crucial elements for the strength, the bearing capacity and the permeability of
these formations. These conglomerates of medium consistency, do not allow relying
on traditional sampling and tests in the boreholes. Lugeon tests are meaningless and
falling head tests are recommended. Back analysis on slopes is certainly a useful
tool for approaching the strength parameters of the global rock mass. Thus it is un-
derstood that the engineering geological assessment before any testing and analysis
is of prime importance.

Due to the fine nature of the cement, permeability is generally low and no leakages
are expected. However, an impermeable grout curtain must be created due to some
higher values. Conglomerates are not easily groutable and a combination of a dia-
phragm wall is suggested. Finally, a carpet grouting is designed since the surficial
zone is susceptible to internal erosion.
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Mepidnyn

Hpoopares 1{nuotoyeveic amobsoels, OTwS T0. KPOKOAOTOYH, VAL OE VEVIKES YPOLUUES
DAIKG, UE TTOYES YEWTEYVIKES 1010TNTES, O0AAG mifavws dev eyeipovv oofopods
rpofinuationods yio ) Ogueriooon evog ywudtivov ppayuatos. H teyvikoyewloyixn
alioloynon, oe téTol0. VAIKG, TWpEmel va givar 10iaitepo. mpooektiky. O Pabuog
OVDVEKTIKOTNTOG Kal 1] QUON TOU DAIKOD GIUEVIWONG €IVl KPIoIUO. OTOLyElO Yo, THY
avToyH, T PEPOVEA IKAVOTHTA KOL TH OLATEPOTOTHTO. TV GYNUATIOUWDY OUTDV.

Eva tomxo mopaderyuo. Qsueliooons gpoyuotos o€ TPOoPOToNS KPOKOALOTOYELS
oYNUOTIoNODS Tapovolaletor otny gpyacia avty. H mepimtwon tov gpayuorog
Ayroxaumov oty avorolixy Ocooolio. Aoyw NS AETTOKOKKNG QOGNS TOL DAIKOD
OWEVTOONG, 1] TEPOTOTHTO, EIVOL YEVIKG XOUNAN KOl OEV OVOUEVOVTOL O10QVYEG.
Qoto00, Ui KOVPTIVA TOIUEVIEVETEWY TPETEL VO. KATOOKEVAOTEL ECOITIOS OPIOUEVDV
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vynlotepwv Tiav. Ta Kpokodomayn avtd OV VoL EDKOAC EVEUATWOTIUA KOL VL0, OVTO
70 A0y0 TWPOTEIVETOL KAl 1] KOTOOKEDI] EVOS O10ppOoyiatikov toiyov. Télog, Eyovv
OYe0La0TEL KAl TOIUEVIEVETEIS TOTNTA, OEOOUEVOD OTL N ETLPAVELOK (v Vol
evaioBntn otnv ecwtepiki diafpwor. .

To Kkpokalomoyn pEONS OOVEKTIKOTHTOG, OEV  UTOPOVY VO  YOPaKTHPIOTODV,
TEYVIKOYEWAOYIKG, KOI YEWTEYVIKG, UE TOPOOOCIOKES TEYVIKES OEIYUOTOANWIOS Koi
ookes otig yewtpnoels. Eidikés teyvikés Oderyuoroinwios Bo pmopodoov va
Ponbnoovv mpog v karevBoven avty. O1 avaoTPOPES AVOLDOEIS OTO TPOVH THG
OTEVHG TEPLOYNG OTOTEAODY O0OQPOADG EVO. YPHOWO EPYOLEIO YIo. TNV EKTIUNCYH TWV
ropouépwy avioxns. Or doxiués LUgeon edwm eivar ywpic vonuo. Xvvietoviar ol
dorués petafinrod poptiov (Maag). Eivar katavontd Loimov 0t i TeyvVikoyemloyixn
aliodoynon mpv omod kabe Jdokyn Kol ovaAven Eivol 1010ITEPA  TPOTOPYIKNG
ONUaoiog.

Aéerg Klerdta: Kpokolomayy, ywuaTIvo gpayuo, Bsuclionoon, mepatotnta, oTEYOVH
Kovptiva.

1. Introduction

The Agiokampos dam is studied to be constructed in the eastern part of the prefecture of Larissa
on Pouri stream about 3,7 km from its mouth. In Pouri stream 2 branches are met, where their
runoff is enhanced by the discharges of several springs from the southern edge of Ossa and
Mavrovouni mountains. The area belongs to both municipalities of Agia and Larissa. The project,
supervised by Hellenic Ministry of Rural Development and Food and funded by the NSRF, is
under the final study, since the technical preliminary design has been recently submitted.

The catchment area is 75 km?, while the inundation area is 0,61 km?. The dam is constructed for
irrigation purposes. It will have a maximum height of 37,5m with a reservoir net capacity of 4.4
km?. The elevation of the river at the central cross-section of the dam is at +32,5 m, while the
maximum altitude of the basin is 1182m. The dam foundation is placed around 250m downstream
of the junction of the two main branches of the stream. The width of the riverbed at the site of the
dam is approximately 100m.

In the wider zone of the riverbed a fluvial terrace is developed with a difference in height up to 7m
from the present riverbed, an indication of upward tectonic movements in the region. The riverbed
is confined by steep slopes, which in the area of the dam reach the heights of 30m in the left
abutment and about 12m in the right. At the higher parts of the basin, mild slope surfaces are
developed (flattening planes) of varying size, on which red clays and sands are present. The basis
of these deposits consists a characteristic palaeorelief. These surfaces are believed to be associated
with tectonic terraces.

The geological context of the broader region of the Agiokampos dam is of the Pelagonian series,
consisting of metamorphic rocks, covered by recent Neogene and alluvial deposits. These
Pelagonian series, encountered in the wider region of Eastern Thessaly, are represented here with
crystalline schists, phyllites, gneisses, amphibolites, and marbles often in alternating units, while
ophiolites are present (Geological map of Greece, 1:50000, Sheet Ayia-Panayia Ayias, see also
Stamatis and Miggiros, 2004). At the base of the whole area schists are encountered with frequent
intercalations of ankeritic marbles, as isolated lenses though. The formations that are specifically
met in the inundation area are the medium-thick-bedded marbles (Cretaceous), which are intensely
karstified and fractured with intercalations of crystalline dolomite. They are found in the
Monastery of Sts. Anargiron at the tail of the inundation area. Schists are outcropping just
downstream of the dam foundation on the right abutment. These formations have been also met in
the borehole drillings below the dam foundation as the bedrock over which the Neogene
formations were deposited. A simplified geological map of the inundation area (a) and the dam
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axis (b) is presented in Figure 1. The geological formations of the foundation zone are described in
more detail in the next paragraph.
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Figure 1 — (a) Geological map along the inundation area of Agiokampos Dam, (b) Geological
map along the Agiokampos Dam axis.

2. Geological Conditions Along the Dam Axis
2.1. Lithological Conditions

Neogene formations, possibly extending to the Pleistocene, cover almost the whole studied area.
The formations consist of conglomerates (containing also angular fragments of rocks) with
irregular torrential structure, although bedding is frequently developed. Siltstones, sandstones and
marls are also encountered in places, as lenses or irregular beds, in the conglomeratic environment.
Their thickness is exceeding 300m. The cementation material is mostly silty-sandy and only in
places can be characterized as clayey. The conglomerates are medium to fairly strong cemented.
The deposits have experienced significant tectonic uplift and have a monoclinic structure.

Terrace deposits are also encountered and they are developed 15-20m higher than the present
riverbed. They mainly include sands, pebbles, gravel with some silty clays. Their thickness reaches
7-8m. Scree materials and the elluvial weathered zone of conglomerates cover the slopes. They
involve loose materials of clays, sands and pebbles and their thickness can reach 5m. The recent
river deposits involve loose materials, which include pebbles, cobles mainly from marbles and
ultramafic rocks and sands. Finally, man made deposit are only found in borehole G1 with
thickness 1-2m.

2.2. Tectonic Conditions

The development of basins or troughs in the area of Thessaly started on Miocene with faults of
NNE-SSW and E-W direction (Stamatis and Migkiros, 2004, Caputo and Pavlides, 1991). The
primary deformation NNE-SSW is connected with structures, thrusts and faults and the secondary
E-W with direction faults. Characteristic of the tectonics in the studied area is the presence of
troughs of E-W direction transversal of the directions of the Tempi valley and the Anavra - Agia
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basin forming the basins of lacustrine and continental sediments. The E — W fault system, despite
being a secondary one in the region, is greatly expressed forming well-distinguished
morphological reliefs. In the foundation zone of the dam it is estimated that the riverbed zone is
defined by two faults that have allowed the formation of the steep slopes of the area. The action of
these two faults has contributed to a local fracturing of the conglomerates, met in the exploratory
drilling. This neotectonic setting is also the reason of the inclination of the Neogene strata.

In the left abutment, immediately upstream of the dam axis, the possible position two faults are
noted along the local streams. Few collapses and landslides occur on slopes along the streams that
may be linked to the fault activity and deep erosion. From the seismotectonic study of the dam
design (by and Prof. E. Papadimitriou and Ass. Prof V. Karakostas of the University of
Thessaloniki), it was revealed that there is no further evidence of activity of these faults. It is
recommended however to provide those features in the design of the dam, such as thick filters, in
order to face a potential displacement along the faults in earthquake. This potential should be
nevertheless low in the area.

GEOLOGICAL SECTION ALONG THE AGIOKAMPOS DAM AXIS
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Figure 2 — Geological section along the axis of Agiokampos Dam.

3. Engineering Geological Conditions
3.1. General

The engineering geological assessment for a proper geotechnical design of a dam, on such
materials, must be very careful since the usual tools of geotechnical characterization cannot be
easily applied here. This is due to the nature of the materials, that either they fall on the hard soil
or the weak rock margin. The level of natural compactness and the nature of the cementing
material are crucial elements for the strength, the bearing capacity and the permeability of these
formations.

In order to investigate the engineering geological and geotechnical conditions of the dam and the
appurtenant structures (spillway, diversion tunnel, cofferdam), a site investigation program was
performed. The evaluated data were provided from field observations and geological mapping,
from the results of boreholes (9 boreholes) and from in situ and laboratory tests. Specifically, the
data used were surface observations of bedrock exposures, slope stability features depending on
the nature of the ground, permeability values, rock quality designation index (RQD), standard
penetration test values (SPT), and physical characteristics. These parameters were to be evaluated
for the geotechnical description of the formations and subsequently, the assessment and proposal
of geotechnical parameters of the geomaterials.
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3.2. Engineering Geological Conditions of the Dam Axis

The conglomerates in the left abutment of the dam are found with higher presence of finer silty-
sandy materials while more systematic presence of pebbles exists in the right one. A typical
stratigraphic image of the left and right abutment is shown in Figures 3a and 3b respectively. The
layers present a moderate inclination to the N-NS, without forming however practicable sliding
planes. The slopes are generally homogeneous and they do not show clear variations in strength.
Although the conglomerates are globally homogeneous, alternations of fine-grained and coarse
layers are present. Note that the left abutment, though steeper in slope, presents several phenomena
of erosion. On the other hand, at the base of the slope, near the riverbed, the conglomerates occur
with increased consistency due to calcitic presence. Conglomerates are not very cohesive close to
the surface but soon, in small depth, they become more compact, at an acceptable level for bearing
an earth structure of the size of this dam.

Recent deposits, on terraces and of clay nature, are overlying these materials. Terrace deposits are
generally soft, of low consistency and they must be removed for the foundation of the dam, while
they can be used for the core of the dam.

Figure 3 - Typical series of the formation at the left (a) and right (b) abutment of the dam.
Conglomerates are met here with a high presence of fine, silty-sandy, materials in the left a
butment, while in the right one there is more systematic presence of pebbles. The formatio
ns show moderate consistency but good friction angle, due to the interlocking of the granul
ar materials, since they form steep and high slopes.

The nature of soil formations, along the axis of the dam, based on the description of drilled cores
as classified by the USCS classification, is sandy-gravelly. However, the recorded permeability
values (Figure 6, 7) are quite low for such formations. The presence of fine material in the matrix
is the reason for the low permeability measured. This fine material, seen at the outcrops was
probably wash out during drilling and thus a misleading on interpretation in such material is possi-
ble. On the other hand, such a loss of fine material during drilling in the conglomerates probably
indicates a moderate consistency of this geomaterial. Improvement of sampling procedure in bore-
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holes is difficult in such ground, thus the engineering geological judgement from the appearance in
outcrops is essential.

Regarding the assessment of rock mass quality with the RQD index, the following notes must be
highlighted. The RQD should be marginally only used for post-alpine formations and for weak
rocks which have not been fractured due to tectonism, stress relief or weathering. The RQD values
here range from zero up to about 75%, if strictly considered (Figure 4). The "disorganized struc-
ture" as shown in the cores is certainly due to the disturbance and washing out of fine material dur-
ing drilling and sampling, provoking a collapse of the rock mass. Larger values of RQD were re-
corded mainly in sandstone and mudstone layers within the formation of conglomerates, but these
zones are only sporadic. Furthermore, there is no significant change of values with depth. This is
normal, as RQD rating does not represent here the logic of reducing the fragmentation due to tec-
tonism or weathering by the increased confinement in depth.

Regarding the distribution of standard penetration test (Ngpr) values along the axis of the dam
(Figure 4), most of these tests have moderate (Nspt = 16-30) to high values (Nspr = 31-50) or even
refusals (Figure 4). These values are typical of the consistency of the formations present, while
refusals may be due to the systematic presence of pebbles, gravels and boulders in the conglomer-
atic mass.

Thus RQD or SPT tests are useless to apply since the recovered cores have very poor structure
easily disintegrated (RQD’s=0) or coarse fractions providing refusals on penetration values. The
series of these weak formations are not expected however to be liable to significant compression
and subsidence, provided the upper loose zone is defined and removed.

The sampling in these materials must be carefully executed so to allow the maintenance of the
sample undisturbed in the form of a core. A double or even triple split core barrel is required for
this reason. Exploratory trenches or wells and, in case of major need of information; adits offer a
better source in the site investigation procedure.

4. Type of Dam and Construction Materials

The appropriate type of dam to be constructed in these geological conditions with formations of
moderate consistency and (although not important) heterogeneity is an earthfill one. The solution
of a hard embankment is not considered feasible because of the moderate strength of the conglom-
eratic formation, lied in the foundation zone.

For the construction of this type of dam no major excavation for the foundation is required while it
can accommodate deformations and displacements in case of an earthquake activity. Based on the
material needs, a geological survey was conducted in the inundation area and the broader basin to
find the necessary quantities of suitable construction materials.

Materials for the core were found in locations within the Neogene deposits including marly mate-
rials and in clays in the terrace deposits. In case of insufficient quantities of clay, the solution of an
impermeable membrane could be considered, either on the upstream face or inside the mass of the
dam (Schleiss and Pougatssch, 2010).

For the shells of the embankment the granular materials from both the riverbed and the conglom-
erates are most suitable (Figure 5). Materials for the filters — drains may easily be derived from the
riverbed, and the terraces, after appropriate screening to remove the fine clay fraction. As far as the
riprap and paving materials is concerned, sizeable boulders of high strength may be obtained from
the outcrops of marbles or fresh gneisses and amphibolites. No suitable material was found though
within the inundation area and areas beyond it were examined.

Materials suitable for concrete aggregates within the area of the dam can be derived from the out-
crops of marbles. These outcrops though are part of the Natura area located near the Monastery of
Agion. Anargyron. Positions outside this area were studied, while there is also the possibility to
use riverbed boulders or the conglomerates after the appropriate check that harmful materials, as
cherts, are not contained.
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Figure 4 — RQD and Nspt values along the Agiokampos Dam axis. The RQD can be
marginally used for post-alpine, formations and weak rocks which have not been fractured
due to tectonism, stress relief or weathering. The RQD values here range from zero up to
about 75%. The ""disorganized structure' as shown in the cores is certainly due to the
disturbance and washing out of fine material during drilling and sampling provoking a
collapse of the rock mass.
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5. Hydrogeological Conditions. Water Tightness and Risk of Erosion

The dam axis and the inundated basin are covered by the conglomerate formations, which are im-
permeable in the big scale, excluding their surficial part. In the inundation area there are also lime-
stones, in a short extent; they are permeable but their lowest outcropping point is inside the inun-
dation area, in the stream of Agion Anargiron monastery. Springs are discharged at this point.

The hydrogeological conditions, water tightness and risk of erosion for the dam axis are presented
in detail in this study. In situ permeability tests, mainly of falling head (commonly called Maag
test), were performed in 5 boreholes. We do not recommend Lugeon tests, as usually applied
(Houlsby, 1976), since even moderate pressures disintegrate this kind of rock. The distribution of
the permeability (K) values along the axis of the dam is presented in Figure 6. Due to the fine na-
ture of the cement material of the conglomerates, permeability at the abutments is low to very low
(K about 107" m/sec) and no leakages are expected under the dam foundation zone or from the fu-
ture reservoir. It is highlighted that the ground water level in the boreholes is always higher than
the riverbed, meaning that the water table in the abutments is drained towards it. Thus no lateral
deep drainage exists. This piezometric surface has a trend to reach elevations higher than the fu-
ture reservoir level (Figure 6). This situation will not necessitate a significant extension of the
grout curtain. The presence of some local small springs or permanent moisture higher than the ele-
vation of the riverbed indicates the existence of local horizons with higher individual permeability
forming weak perched aquifers.

The distribution of permeability values (K) with depth is shown in Figure 7. The higher values
(~10 m/sec) are found in the riverbed materials to about 10-12m depth, while high values appear
in a zone at the left abutment at around 25m of depth. Hence, there is an apparent need to address
the high permeability of the bed material by removal. However, locally below the dam axis, there
are variations in K values, with the higher ones being in the order of 10 m/sec (in a depth of 10-
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20m depth in borehole G5 and of 18-25m in borehole G3). These high values are possibly associ-
ated with weak cementation of the rock mass. Thus, based on the results of the in situ permeability
tests it is necessary to construct a grout curtain, having although a moderate depth.

Given the variation of consistency and compactness of the conglomerates, the possibility achieving
an effective penetration and sealing in all parts under the dam foundation, if grout injections holes
are to be used, should be of concern. Thus a combination with a diaphragm wall could be the solu-
tion. Finally given the medium cementation, erosion mechanism can develop, under the hydraulic
gradient that will develop with the creation of the reservoir. The implementation of a carpet grout-
ing is thus essential.

6. Conclusions

The engineering geological assessment and behaviour of recent conglomerates in dam foundation
is presented in the paper. The case of the design of Agiokampos dam, where the conglomerates
persist, is studied here. The particular issue in the case of a dam in such rock mass, of conglomer-
ate of medium consistency, is that this material does not allow relying on traditional sampling and
tests in the boreholes. Lugeon tests are meaningless and falling head tests are recommended. In
order to get the geotechnical parameters, special sampling procedures are required. Deep trenches
and adits allow more reliable observation and certainly representative sampling. Back analysis on
slopes is without doubt a useful tool for approaching the strength parameters of the global rock
mass. Thus it is understood that the engineering geological assessment before any testing and
analysis is of prime importance.

The conglomerates in the area of study have clayey or sandy-silty matrix and generally show me-
dium consistency with generally good interlocking between the pebbles. The material, geotechni-
cally speaking, is weak but it does not raise serious concerns for the foundation of an earthfill dam.
It has low strength but low compressibility against settlement. The bedrock of the conglomerate
formation is crystalline limestones and metamorphic schist-ophiolithe tectonic complex but does
not interfere in the project, since the conglomerates are sufficiently thick, several tens of meters.

The material in the foundation zone is however erodible even under moderate hydraulic gradient
of groundwater flow. For this reason, the foundation of the core must be done in deeper excavation
levels, where conglomerates are tighter. A grout carpet will nevertheless be needed for this pur-
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pose, while the main impermeable grout curtain under the dam will complement protection against
erosion.

Based on the in-situ permeability tests it is necessary to construct a grouting curtain, not deep
though. Since it is not certain that the material will be easily injected the case of a diaphragm wall
is considered in the design. The morphology in the area off the dam, in the abutments, together
with the low permeability is adverse to favour groundwater seepage from detours. Only a small
extension of the grout curtain is estimated to be sufficient. Drainage relief holes, downstream of
the dam slope abutments are needed due to the low permeability of the material and the high water
level that will be established downstream of the dam.
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