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ABSTRACT: In the paper the main aspects of the design and of the construction process of the Cozzo Vuturo
(Enna, Sicily, Italy) landfill were described. Details about the landfill site and about the geological and geo-
technical aspects of the landfill design were also described together with the results of tests carried out for the
physical and mechanical characterization of the waste. Finally, the results of some seismic stability analyses 
carried out using the displacement approach were presented and discussed. 

1 INTRODUCTION

The Cozzo Vuturo landfill receives wastes from five 
main waste districts (Enna, Calascibetta, Leonforte, 
Villarosa and Valguarnera) in Sicily (Italy) includ-
ing more than twenty towns, for a total of about 
180.000 inhabitants. In the paper the location of the 
landfill site was described together with the main 
aspect of the construction process including the 
landfill geometry, the drainage of storm-waters, the 
treatment of the collected leachate, the system for 
biogas collection and the landfill sealing at the bot-
tom. The main geological and geotechnical aspects 
of the landfill design are summarized including the 
results of tests carried out for the physical and me-
chanical characterization of the waste. Finally, the 
results of the seismic stability analysis of the landfill 
were summarized and discussed. 

2 LANDFILL LOCATION AND GEOLOGICAL 
SITE CONDITION 

The Cozzo Vuturo landfill site covers an area of 
about 12 ha (between 530 and 630 m a.s.l.) located 
at about 3,8 km from the city centre of Enna (the 
chief town); the distance from the nearest town (Ca-
lascibetta) is about 2,5 km (Fig. 1). In both the north 
and the west directions, nearest the site there are 
mainly wild unused fields and some pastures; only 
few fields are used for agricultural purposes (mainly 
corn field). To the South of the landfill plant it bor-
ders with the old province landfill that is now a site 
under remediation procedure. 

The landfill is located in a hilly area, geologically 
made up of Numidian Flysch of Holigocene-lower 
age, marly and sandy brown clay of medium Mio-
cene age, and river alluvium of Holocene age. There 
is a mixture of humus and clay 1 – 2 m deep within 
the area of the landfill and a clay layer of about 30-
40 m below it. The average permeability of the clay 
layer varies in the range 2x10-9�7x10-9 cm/sec. The 
humus layer is an aquifer but the recharge area is 
very small and the groundwater stays for only a 
short time in the aquifer. Apart from that layer, there 
is another low flow aquifer, 30-40 m below the sur-
face, situated below the clay layer.
Climatic data on the Enna area are provided by the 
Sigonella Meteorological Station. The average daily 
temperature in the Enna area is about 14°C; the tem-
perature fluctuations caused by the day and night 
cycles are in the range between 15 °C per day. 
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Figure 1. Landfill location 
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Usually, the heaviest precipitations in the Enna area 
occur in November, December and January (Fig. 2). 
The precipitation percentage in the rainy season (Oc-
tober-March) accounts for 75% of the total annual 
precipitation. The rainfall is often in the form of a 
quick and hard torrential pouring rain, which stops 
suddenly. Normally it does not rain longer than 3 
hours. However, the precipitation amount can be 
very high. The highest calculated precipitation for 
one month (980 mm) occurred in December 1953. 
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Figure 2.  Yearly (a) and monthly (b) rainfalls measured at En-

na Meteorological Station  
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Figure 3.  Cozzo Vuturo landfill area 

3 LANDFILL CONSTRUCTION DETAILS 

The total landfill area is dived into two disposal site 
named B1 and B2 respectively (Fig. 3). The B1 land-
fill activity took place from 1999 to 2006; the B2
landfill is located in the smaller upper part of the 
catchments basin, covering an area of about 4 ha 

with a final volume of 330.000 m3. The landfill was 
designed in order to fill a naturally occurring valley 
(Fig. 3). According to the original project, the resid-
ual useful life of the B2 waste disposal plant is ex-
pected to be about 3 years and half (end of the dis-
posal activity in 2011) but an extension up to about 
650.000 m3 is currently considered. The landfill is 
about 18 m high. The upper soil layers have been 
removed to create space for the waste and to guaran-
tee geotechnical safe conditions thought the execu-
tion of a terracing profile. The waste is piled up in 
compacted layers of about 1,8 m thick (Fig. 4). The 
waste density in the landfill ranges between 7 and 8 
kN/m³. The daily covering layers consist of clayey 
soil. The refuse dumping plan considers the landfill 
divided in 6 cells (Fig. 5). As a consequence drain-
age of storm-waters was designed on a four level ba-
sis, according to the landfill filling sequence. One-
fourth of the landfill is used as an area for leachate 
collection. The leachate extraction is carried out on-
ly from the two lower cells. The collected leachate is 
treated in a external water plant. A system for biogas 
collection is expected to be installed in the landfill 
and will be operated after the landfill closure. 

 (a) 

 (b) 

 (c) 

Figure 4.  (a) soil modeling during landfill construction; (b), 
landfill completion (c) and actual filling status. 
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Figure 5.  Refuse dumping plan. 

The landfill sealing at the bottom consists of numer-
ous different layers. Specifically landfill bottom is 
lined with recompacted clay (1 m depth), a geotexile 
protection layer and an HDPE geomembrane to pre-
vent any seepage of leachate into the underlying 
ground. Landfill walls were lined with a geotexile. 

4 WASTE CHARACTERIZATION  

The physical and mechanical characterization of 
waste is a very complex task given the testing diffi-
culties and uncertainties adapting the theory and 
techniques used in soil mechanics (Grisolia et al., 
1995; Jessberger and Kockel, 1993). Mechanical 
properties of the deposited waste materials control 
many aspects of landfill lining system design and 
performance, including stability issues and integrity 
of the geosynthetic components. Stability analyses 
require extensive knowledge on the mechanical be-
havior of waste which could be provided by labora-
tory or in situ testing. 
Generally waste types are divided into two groups: 
soil-like waste, defined as “granular waste”, for 
which conventional soil mechanics principles are 
applicable, and “other waste”. The mechanical prop-
erties are dependant on the individual composition 
of the waste material and on the mechanical proper-
ties of its constituents. In addition the mechanical 
parameters are time-dependent related to the state of 
decomposition. Taking account of this effect, pa-
rameters for fresh and for decomposed waste must 
be distinguished.

At the Department of Civil and Environmental 
Engineering of Catania University, tests for the 
evaluation of the mechanical properties of wastes 
were carried out by the use of a large-scale one-
dimensional compression cell (Castelli and Maugeri, 
2008). The tests were conducted on unsaturated, dis-
turbed samples of municipal fresh waste and 5 years 
old pre-treated waste. A breakdown of the refuse by 
weight into 11 categories, such as plastics, paper, 

textiles, glass, etc. was made. The grain-size distri-
bution of the 5 years old pre-treated waste sample is 
reported in Figure 6. At first, a consolidation pres-
sure of about 20 kN/m2 was applied. After that, dif-
ferent constant loads (40, 80,150, 300, 600 kPa) 
were applied for 24 hours and sample compression 
with time was measured. The time-vertical strain 
curves obtained for the fresh and 5 years old wastes 
tested are shown in Figures 7 and 8 respectively. 
The bulk density of the refuse was determined as the 
ratio of the mass of the refuse at its original water 
content to the volume occupied in the compression 
cell. The initial density of the refuse varied between 
2,6 kN/m3, for the fresh waste, and 7,8 kN/m3, for 
the 5 years old waste. The final density at an applied 
stress of 600 kPa varied from 10,1 kN/m3, for the 
fresh waste, to 15,9 N/m3, for the 5 years old waste. 
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Figure 6.  Grain - size distribution of 5 years old municipal 
waste sample. 
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Figure 7.  Time - vertical strain curves of fresh waste tested. 
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Figure 8. Time - vertical strain curves of 5 years old waste 
tested. 
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 The maximum sample compression reached a de-
gree of more than 50% of the original sample height. 
As expected the tests results in terms of stiffness-
stress level relationship for the 5 years old waste 
sample indicate an increase in stiffness with applied 
stress and refuse density.
Seismic Marchetti Dilatomer Test will be carried out 
in the future for the geotechnical seismic characteri-
zation of the site. The tests results will be used to de-
rive a shear wave velocity profile to be adopted in 
seismic response analysis. 

5 SEISMIC STABILITY ANALYSIS OF THE 
LANDFILL AND CONCLUSIONS 

The seismic behavior of the Cozzo Volturo Landfill 
was evaluated according to both pseudo-static ap-
proach and the displacement analysis. The analyses 
were performed for the natural slopes existing in the 
nearness of the landfill area and for the landfill it-
self. Concerning the landfill the analyses were car-
ried out for the current configuration and referring to 
a new design configuration which account for an en-
largement of the landfill. In this paper only the dis-
placement analyses concerning the landfill enlarge-
ment are described. 

The analyses were performed referring to differ-
ent 2-D sections of the landfill; one of the consid-
ered section (section A) is showed in Figure 9 to-
gether with the geotechnical parameters adopted in 
the analysis and with the location of the critical slip 
surface considered in the displacement analysis. The 
critical slip surface was estimated detecting the slip 
surface related to the minimum value of the horizon-
tal component of the yield acceleration coefficient 
kh,c; in the analysis the Morgenster & Price method 
of slices was considered and the value kh,c = 0,253 
was obtained. 

In the displacement analysis a set of 115 earth-
quake records selected from the S.I.S.M.A. database 
(Scasserra et al., 2006) was used. The S.I.S.M.A. da-
tabase consist of 214 EW and NS free-field accel-
erograms of 47 earthquakes occurred in Italy with 
magnitude in the range 4.0-6.9. The considered ac-
celerograms were selected according to the lithology 
of the landfill site consisting of stiff clay with aver-
age shear wave velocity Vs,30 greater than 360  m/s.  

The results of the displacement analyses carried 
out for the section A (Fig.9) are plotted in Figure 
10a); in detail the maximum value dmax of the com-
puted permanent displacement is plotted versus the 
ratio between kh,c and the peak seismic coefficient 
kh,max of each accelerogram. The results clearly show 
that the amount of displacement is generally lower 
that 5 cm and can be considered acceptable for the 
limit state design of the considered section. 

In order to derive a displacement regression 
model for the Cozzo Volturo Landfill a more general 

displacement analysis was carried out referring to 
several 2-D sections of the landfill and accounting 
also for the natural slopes in the nearness of the 
landfill area. Again, the critical slip surfaces and the 
corresponding yield acceleration coefficient was es-
timated for each of the considered sections and the 
obtained results were adopted to derive a relation-
ship between the computed permanent displacement 
and the ratio kh,c/kh,max. In order to improve the cor-
relation coefficient of the proposed regression 
model, the computed displacement were normalised 
with respect to the ratio PGV2/amax being PGV and 
amax the peak velocity and acceleration of the con-
sidered accelerogram. The obtained results are 
showed in Figure 10 b) together wit the best-fit re-
gression curve. The results of the analysis show a 
moderate dispersion of the data with respect to the 
average values. The amount of earthquake-induced 
permanent displacement is generally lower than 
15 cm and mainly occurs for the natural slopes at the 
boundary of the landfill. 
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Figure 9. Geotechnical model and critical slip surface adopted 
in the analysis of a 2-D section of the landfill. 
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Figure 10. Result of the displacement analysis 
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