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SYNOPSIS: A landfill site with total capacity of about 600,000 m J has been located inside an old 

caBt—off borrow pit near Turin (Italy). The site is an alluvial terrace and the subsoil is 

constituted up to 30— 35 m by very permeable sand and gravel layers. Free surface of ground water 

reaches during some months of the year the maximum level at 20 m from the original ground level i.e. 

an average of 5 m  below the final bottom of the landfill. Main objectives of the project were to 

offer to the local industries a short term solution of the urgent problems related to toxic waste 

disposal which would, in the same time, minimize the environmental impact while keeping construction 

and management costs as low as possible. Complete safety of the waste disposal plant against any 

pollution was a prime concern, being the plant located inside a densely populated area. These 

objectives have been reached through exhaustive studies concerning in particular the geotechnical 

features of the subsoil, the physical and mechanical properties of the waste sludges and the 

characteristics of both ground and surface water.

1 INTRODUCTION

The paper deals with some of the geotechnical 

and hydrogeological design aspects of a 600,000 

m3 toxic waste landfill recently completed in 

Italy. The site, an abandoned borrow pit within 

the plain surrounding the city of Turin, was 

chosen among those identified by a Board appoin

ted by the Regional Government. The original 

aspect was of a large pit, with a surface of

33,000 m 2 and sub-vertical slopes ranging in 

height from 8 to 12 m; a general view of the 

nearly completed site is given in Figure 1.

Soil nature on site was typically alluvial, of 

glacial age; exploratory boreholes and the 

observation of the pit slopes evidenced, in the 

first 35 m from g.l., cobbles, gravel and sand 

in a scarce sandy— silty matrix with occasional 

thin discontinuous cemented layers and levels 

with more marked silty-clayey matrix. Below 35 

m from g.l., soil nature passes to predominantly 

cohesive deposits, with levels of gravel and 

sand. The upper formation, with its granular, 

pervious deposits, is an aquifer, while minor 

confined aquifers were identified also within 

the inferior, predominantly cohesive, formation. 

Static groundwater level was identified at 20-25 

m below g.l. i.e. 5-10 m below pit bottom; the 

maximum g.w.l. (-5 m below pit bottom) is 

reached in the month of April, the mimimum in 

September.

2 DESIGN OF FINAL SLOPES OF THE DEPOSIT

F ig u r e  1. O v e r a l l  v ie w  o f  th e  s i t e  u n d e r  c o n 

s t r u c t io n .

Although the slopes of the existing borrow pit 

were originally very steep (about 60”-90" on the 

horizontal plane) because of some cohesion due 

to cementation of the sandy gravel, in the sta

bility assessment of the slopes in their final 

configuration, the material was considered con

servatively as purely frictional.

Stability evaluations were based on the curved 

failure envelope proposed by Baligh (1976) for 

sandy soils:

= tan^s = tan^0+tana

w here:

i f ï - i o g 1 0 y

= shear strength

= effective normal stress on the failure
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plane at failure 

= secant peak friction angle 

aQ = reference stress equal to 0.98 MPa

a = strength parameters describing failure 

envelope.

The assessment of strength parameters 

has been performed on the basis of particle size 

distribution and SPT results, referring to indi

cations by Gibbs & Holtz (1957), Hanna et al. 

(1986), Skempton (1986); Lambe & Whitmann (1969) 

and Baldi et al. (1986).

Final adopted values have been:

= 42’; a = 7.5-

When very superficial and thin potential fai

lure surfaces have been considered, the 4>0 va
lues have been increased using the following 

formula proposed by Lade & Lee (1976) to take 

into account the increase of friction angle of 

granular soils when they deform in plane strain 

conditions (see also Rowe, 1972):

1.5 = 46" .. (2)

The computer program used to calculate the 

safety factor (FS) of 45* final slopes refers to 

methods by Bishop (1955) and Janbu (1973). An 

example of the variation of FS vs. thickness 

of potential sliding volume of soil is shown in 

Figure 2, for a particular group of failure sur

faces analyzed. The lowest FS values calculated

(1.19 for ¿0=42' and 1.32 for ¿q S=46')

ly to very thin 

slides having 

overall safety, 

been accepted

refer on-

(-0.5 m on average) potential 

negligible consequences on the 

Therefore the 4 5 ’ slopes have 

considering also the prudential 

strength parameters adopted in the comuptations 

(e.g. neglected cohesion) and the protective

action exerted by the impermeable lining in 

respect to runoff and infiltration of rainwater.

3 ARTIFICIAL IMPERMEABILIZATION OF THE DEPOSIT

The slopes of the landfill are lined by double 

sheets of high density polyethylene (HDPE), each

2.5 mm thick. Between the impermeable sheets 

there is a synthetic drainage layer.

The double HOPE layer is present also on the 

bottom of the landfill, interbedded by drainage 

sandy layers and geotextile filters; this 

"bottom lining pack" lies on a further 2 m 

thick impermeable layer, formed by clayey silt 

compacted in situ having the following 

characteristics:

CL

33 to 39 (%) 

15 to 18 (%) 

85 to 92 (%) 

13 to 17 (%)

A typical compaction curve of the soil from 

laboratory standard Proctor is shown in Figure

3. In the same figure the average values of hy

draulic conductivity at various water contents 

have been indicated. To check the suitability 

of the selected soil, laboratory permeability

Soil classification 

Liquid Limit LL

Plasticity index PI 

Passing N.200 sieve 

Clay content (¿<2p)

POTENTIAL SLIDES THICKNESS S[m] WATER CONTENT [% ]

Figure 2. Factor of safety vs. potential slides 

thickness (S) for the considered variations of 

friction angle.

Figure 3. Dry unit weight and hydraulic con

ductivity vs. water content for laboratory-com

pacted Samples.
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tests have been performed using specially in

strumented oedometer cells, on samples 50 mm in 

diameter and 20 mm in height trimmed from the 

middle of the compacted specimens. Hydraulic 

conductivity has been measured in correspondence 

of vertical stress ranging between 40 and 600 

kPa; moreover the results from direct permeabi

lity tests at variable gradients have been 

checked by theoretically computated conductivi

ties from oedometer consolidation curves. The 

clayey silt layer has been placed in situ with a 

water content ranging from 15 to 20% and has 

been compacted in lifts 15 cm thick by means of 

a heavy sheeps-foot roller. Final checks on 

compacted in situ samples concerning dry density 

and hydraulic conductivity, have always given 

values higher than standard Proctor and lower 

than 10-7 cm/s respectively, in compliance 

with specifications by the Regional Control Au

thority.

4 DESIGN AND LOCATION OF MONITORING AND SAFETY 

WELLS

Monitoring and safety wells were located on the 

basis of the piezometric gradient and of the ge

neral hydrogeological features of the groun

dwater table. Hydrogeological parameters were 

obtained by interpretation of on-site transient 

flow pumping tests, carried out by measuring 

g.w.l. drawdown inside a number of piezometers 

while pumping at the constant rate q = 65 li

ters/s from a well drilled on site. The re

sulting "g.w.l. depression vs. time" curve 

typifies the response of the aquifer to the 

drawdown action induced by pumping; the curve 

configuration defines the aquifer typology 

which, in this case, can be defined as an uncon

fined aquifer with delayed yield from storage. 

The test has been interpreted (Kruseman & De 

Ridder, 1976) adopting Boulton's method (Figure 

4) obtaining:

T = 5.58 • 10-2 m 2/s (transmissibility)

S = 0.176 (storage coefficient)

D = 0.26 m (leakage factor)

The above values were the input data for the 

mathematical model (derived from Schmidt, 1980) 

which has given the geometry of the drawdown 

cone induced by the activity of one or several 

wells. After obtaining the equipotential curves 

in drawdown conditions of the wells, it was 

possible to draw the related flow curves. The 

"catchment area", i.e. the portion of groundwa

ter with its hypothetical load of pollutants 

which flows towards the wells was thus defined. 

The above procedure was repeated, modeling solu

tions with 1, 2 and 3 wells. The location of 

well PI (already extant and used for pumping 

tests) was kept fixed, while the other well lo

cations were moved until an optimum well distri

bution was obtained for what concerns the elimi

nation of any groundwater pollution connected 

with the landfill.

Obtained results indicate that the optimum 

configuration calls for 3 safety, or extraction, 

wells. Figure 5 shows the distribution of equi

potential and flow lines during activity of the 

three wells.

Figure 4. Pumping test interpretation (for mea

ning of symbols see Kruseman & De Ridder, 1976).

Figure 5. Groundwater configuration with activa

ted safety wells.

5 STORAGE AND WASTE MANAGEMENT

As far as the optimization of storage capabili

ties and reduction of initial investments and 

management costs are concerned, the storage pro

cedure shown in Figure 6 has been proposed, ba

sed on the assumption that only solid waste with 

an imposed range of water content (W) is to be 

allowed in the deposit. The waste material must 

be placed in compacted layers interbedded by 

reinforcing geotextile6 or geogrids.

This procedure allows to:

- increase the quantity in weight of stored wa

ste via compaction
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— achieve steeper waste slopes by means of the 

reinforced geotextiles, thus decreasing the 

area occupied by the deposit in particular 

during the first stage of activities

— decrease the volume of leachate to be treated 

because of the reduced surface of waste expo

sed to rainfall

— get a better assessment of the decrease of 

leachate toxicity with time, because it is 

possible to monitor localized waste volumes

— allow easy transit of vehicles on the waste 

surface.

In order to get a first idea about the mechani

cal behaviour of the waste, in respect to com

paction and stability problems, a first series 

of laboratory tests has been performed already 

in the design stage. Samples of waste were ran

domly collected from a similar smaller storage 

plant already in activity. A series of laborato

ry tests were performed on the samples following 

the same procedures usually adoped for soils.

It is important to point out that the waste 

was a mixture originally coming from steel 

mills, chrome-plating and painting plants, etc. 

Main results of laboratory tests are hereunder 

listed:

Total Unit Weight ^t
= 1.15+1.25 (g/cm3)

Dry Unit Weight 7d
= 0.45+0.55 (g/cm3)

Water Content w = 100+165 (%)
Porosity n = 79+84 (%)
Degree of Saturation S = 87+100 (%)
Liquit Limit LL = 63+105 (%)

Plasticity Index IP = 18 + 42 (%)
Gravel Content 0+27 (%)
Sand Content 8 + 10 (%)
Silt and Clay Content 63 + 92 (*)

• Undrained shear strength of standard Proctor 

compacted sample (SPS) from triaxial tests 

(W = 50+35%) : C n  = 0.38+0.60 (MPa)

• Drained Peak friction angle of SPS from Direct 

Shear Tests (DST) : 4 = 35+39 (•)

• Drained Cohesion of SPS

from DST : C = 0+40 (kPa)

• Oedometer modulus of SPS between vertical 

stress of 20+200 (kPa), M = 15.0+20.0 (MPa)

• Hydraulic conductivity

of SPS : K =10~6+10-7 (cm/s )

• The compacted material does not swell.

Other laboratory tests and in situ experimenta

tion phases have been planned during storage 

activities to obtain more and more detailed in

formations concerning short and medium term 

mechanical behaviour of the waste; final results 

will be used to improve the storage and manage

ment procedures of the landfill.
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Figure 6. Waste storage procedure.

1848


