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SYNOPSIS: A series of multidisciplinary geological, hydrologic, geotechnical and structural studies 
were carried out in a broad hilly area characterized by poor stability conditions. All the technical 
data produced by engineering projects, carried out over a 25 year period were re-examined. In 
critical areas new investigations were performed. In conclusion, a variety of stabilization measures 
and guidelines for land use planning (including the preservation of the existing settlement and 
planning of future buildings) have been worked out on the basis of the results produced by this 

study.

1. INTRODUCTION

Larderello is a modern industrial town in 
Southern Tuscany (Central Italy) which started 
to expand in 1818 from a nucleus of residential 
and industrial buildings which arose around the 
first factory in the world to promote the 
industrial use of geothermal energy (De Larderel 
Concern which gave the name to the town)

Larderello is located at 400 m a.s.l. in the 
Possera Valley, in the heart of an area of woody 
and bushy hills.

Ancient prints and early 19th century 
descriptions show this area to be bleak, 
scattered with "lagoni" (steaming mud pools) and 
with strong gas and steam fumaroles 
("soffioni").
Early geological descriptions (LOTTI, 1910) 

suggest that the morphology of the area resulted 
from large ancient landslides and point to the 
widespread presence of signs indicating recent 
or ongoing landslides.

The industrial plants and the residential 
zones have thus been built in difficult 
geotechnical conditions where it has been 
necessary to make radical changes in the 
original morphology (cuts, fills, etc.).

For instance, in 1842 concrete tilted boilers, 
some 70 m long were built to extract boric acid 
from the waters of the "lagoni".

As further knowledge was gained on the 
potential of geothermal resources,

investigations were undertaken to use steam as 
motive power and the first geothermoelectric 
power plant was built in 1904.

The industrial area expanded rapidly as steam 
was increasingly used as energy source.

The results obtained by ENEL-UNG in recent 
years through its drilling and research 
activities have led to a project for the renewal 
of the Larderello area which requires the 
drilling of new wells and the installation of 
new geothermoelectric plants. The project 
requires cuttings (8+10 m high and 10+100 m 
long) , large embankments (up to 8 m high) , and 
the construction of vulnerable facilities on 
slopes which are slide prone.

Under this project therefore an 
interdisciplinary investigation of the whole

area had to be undertaken to explore the 
hydrologie, the geological, geotechnical aspects 
and the structural and static characteristics of 
existing old buildings.

Geotechnical and Geophysical surveys covering 
a very wide area were started and the more 
vulnerable areas stability-wise were closely 
monitored.

2. GEOLOGICAL SETTING

The knowledge of the general and structural 
geological situation of the Larderello area is 
the result of a long series of studies often 
geared to the interpretation of the geothermal 
events and to the optimization of exploitation 
for industrial purposes.

Such studies utilized the information obtained 
from the countless drillings for the prospection 
and exploitation of the geothermal fields of a 
broader region surrounding the area reported in 
this works.

As to the outcropping soils that are more 
closely related to the geotechnical aspects of 
the area, mention can be made of two detailed 
reports by MAZZANTI (1966) and LAZZAROTTO and 
MAZZANTI (1965).

The formation that outcrops more extensively 
is a "Marly-limestone Flysch" of the Middle- 
Upper Cretaceous, consisting of a rhythmic 
sequence of limestones, marly limestones and 
dark grey clays. In the investigated area the 
overall thickness of the formation is a few 
hundred metres.

As a result of extensive translational 
tectonic movements, the formation appears to be 
highly disarranged (with a dip varying from one 
zone to another) , or totally chaotic; the clay 
facies presents a typical scaly structure. In 
the westernmost part of the area, the Flysch 
formation is overlain by Pliocene clays 
representing the bedrock of a marine sequence 
which filled a subsident basin which had formed 
after distensive tectonic phases in the 
Apennines starting from the Miocene.

The Pliocene formations are regularly arranged 
but they contain frequent intercalations or 
large inclusions of Flysch materials
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F i g u r e  1 .  G e o l o g i c a l  m a p  o f  

t h e  L a r d e r e l l o  a r e a .

1 :  R e c e n t  s l i d e  d e b r i s .

2 :  A n c i e n t  s l i d e  d e b r i s .

3 :  P l i o c e n e  c l a y  f o r m a t i o n s  

w h i c h  i n c l u d e  v a r i o u s

" a r g i l l a c e o u s  o l i s t o s t r o m e " . 

4 :  F l y s c h  f o r m a t i o n  ( M i d d l e -  

u p p e r  C r e t a c e o u s ) .

5 :  E r o s i o n  b y  s t r e a m s .

6 : S lu m s  a l o n g  s t r e a m s .

7 :  S l i d e  i n  t h e  w e a t h e r e d  

b l a n k e t .

8 : E x p l o r a t o r y  b o r i n g .

9 :  S e i s m i c  r e f r a c t i o n

p r o f i l e .

( A  -  I n d u s t r i a l  a r e a .

B -  R e s i d e n t i a l  a r e a ) .

N O T E : T h e  r e s i d e n t i a l  a n d  

i n d u s t r i a l  a r e a s  a r e  l a r g e l y  

i n t e r e s t e d  b y  f i l l s

v a r i a b l e  i n  t h i c k n e s s ,  n o t  

s h o w n  o n  t h e  m a p .

c o n s t r u c t i o n  o f  t h e  i n d u s t r i a l  a n d  r e s i d e n t i a l  

b u i l d i n g s )  w e r e  p o o l e d  a n d  r e - e x a m i n e d .  

A d d i t i o n a l  s p e c i f i c  i n v e s t i g a t i o n s  w e r e  c a r r i e d  

o u t  f o r  c r i t i c a l  a r e a s  a n d / o r  f o r  a r e a s  o f  

s p e c i a l  i n t e r e s t .

G l o b a l l y ,  8 0  c o n t i n u o u s  d r i l l i n g s  f o r  o v e r  

2 5 0 0  m a n d  4 5 0 0  m o f  s e i s m i c  r e f r a c t i o n  w e r e  

p e r f o r m e d .  I n  t h e  e x p l o r a t o r y  b o r i n g s  ( 3 0 + 4 0  m 

d e e p )  u n d i s t u r b e d  s a m p l e s  w e r e  t a k e n  a n d  

S t a n d a r d  P e n e t r a t i o n  T e s t s  (S P T )  w e r e  p e r f o r m e d .  

A  l a r g e  n u m b e r  o f  p h y s i c o - m e c h a n i c a l  t e s t s  w e r e  

c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  t o  c h a r a c t e r i z e  

t h e  s o i l s  f r o m  a  g e o t e c h n i c a l  p o i n t  o f  v i e w .

A r o u n d  5 0  p i e z o m e t e r s  a n d  1 5  i n c l i n o m e t e r s  

w e r e  i n s t a l l e d ;  i n  t h e  b u i l d i n g  s h o w i n g  c r a c k s ,  

r e f e r e n c e  b a s e s  w e r e  p l a c e s  t o  m e a s u r e  f u r t h e r  

m o v e m e n ts  ( o p e n i n g  o r  c l o s i n g  o f  t h e  c r a c k s ) .

T h e  f i n d i n g s  o f  t h e  i n  s i t u  t e s t s ,  t h e  

l a b o r a t o r y  t e s t s  a n d  t h e  m e a s u r e m e n t s  p r o v i d e d  

b y  t h e  m o n i t o r i n g  i n s t r u m e n t a t i o n  w e r e  s t o r e d  i n  

a  " d a t a  b a n k " .

4 .  G E O T E C H N IC A L  C H A R A C T E R IS T IC S  O F  T H E  S O IL S

T h e  t y p i c a l  g e o t e c h n i c a l  p r o f i l e s  o f  t h e  

i n v e s t i g a t e d  a r e a  a r e  i l l u s t r a t e d  i n  F i g .  2 

T a b l e  1  s u m m a r i z e s  t h e  v a r i a b i l i t y  r a n g e  o f  t h e  

m a in  g e o t e c h n i c a l  p a r a m é t r é s  o f  t h e  P l i o c e n e  

c l a y  f o r m a t i o n ,  o f  t h e  F l y s c h ,  o f  t h e  

O l i s t o s t r o m e  a n d  o f  t h e i r  s u r f a c e  b l a n k e t  s o i l s .  

T h e  g e o t e c h n i c a l  c h a r a c t e r i s t i c s  o f  t h e  P l i o c e n e  

c l a y  f o r m a t i o n  w e r e  f o u n d  t o  b e  r a t h e r  u n i f o r m ,  

e v e n  o v e r  r a t h e r  l a r g e  a r e a s ,  a n d  t h e y  g e n e r a l l y  

v a r i e d  l i n e a r l y  w i t h  d e p t h .  O n  t h e  o t h e r  h a n d ,  

t h e  c h a r a c t e r i s t i c s  o f  t h e  F l y s c h  f o r m a t i o n  a r e  

m o r e  v a r i a b l e ,  e v e n  o v e r  s m a l l  a r e a s .

I t  m u s t  b e  p o i n t e d  o u t ,  t h a t  g i v e n  i d e n t i c a l  

s a m p l i n g  m e t h o d s  a n d  t h e  s a m e  l a b o r a t o r y  t e s t s ,  

t h e  s c a l y  s t r u c t u r e  a n d  t h e  f r e q u e n t  r o c k  

f r a g m e n t s  i n  t h e  F l y s c h  a n d  i n  t h e  O l i s t o s t r o m e  

p r o d u c e  a  s c a t t e r  i n  t h e  g e o t e c h n i c a l  d a t a .

( " O l i s t o s t r o m e s " ) ,  w h i c h  q u i t e  l i k e l y  s l i d e d  

i n t o  t h e  P l i o c e n e  b a s i n  d u r i n g  t h e  s e d i m e n t a t i o n  

o f  t h e  c l a y s .  T h e  F l y s c h  m a t e r i a l s  a r e  p r e s e n t  

i n  s m a l l  c h a o t i c a l l y  d i s p e r s e d  f r a g m e n t s  i n  

t h e  O l i s t o s t r o m e s  a n d  t h e  l a p i d e o u s  p o r t i o n s  o f  

t h e  o r i g i n a l  f o r m a t i o n  h a v e  b e e n  b r o k e n  d o w n  

i n t o  s m a l l  f r a g m e n t s  o r  b l o c k s  im m e r s e d  i n  a  

c l a y e y - s c a l y  m a t r i x .

T h e  F l y s c h  f o r m a t i o n  h a s  u n d e r g o n e  m a s s i v e  

s l i d e s  ( r o t a t i o n a l  s l i d e s  a n d  f l o w s )  s i n c e  

a n c i e n t  t i m e s ;  t h e  r e s u l t i n g  s l i d e s  p a r t i a l l y  

m a i n t a i n  t h e  t y p i c a l  m o r p h o l o g y  a n d  a t  p r e s e n t  

t h e y  d o  n o t  s h o w  s i g n s  o f  d e e p  m o v e m e n t s .

T h e  p r e s e n t  s l i d e s  i n v o l v e  o n l y  t h e  

s u r f a c e m o s t  w e a t h e r e d  l a y e r  o f  t h e  f o r m a t i o n  

( e a r t h  s l u m p s  a n d  e a r t h  f l o w s )  a n d  a r e  m o s t l y  

i n i t i a t e d  b y  t h e  e r o s i o n  p r o d u c e d  b y  s t r e a m s .

T h e  m o r p h o l o g i c a l  e v o l u t i o n  a n d  t h e  p r e s e n t  

s t a b i l i t y  c o n d i t i o n s  o f  t h e  L a r d e r e l l o  a r e a  a r e  

i l l u s t r a t e d  i n  F i g . l ,  w h e r e  t h e  o u t c r o p p i n g  

s o i l s  h a v e  b e e n  b r o k e n  d o w n  i n t o  m a in  t y p e s  f r o m  

a  g e o l o g i c a l  a n d  g e o t e c h n i c a l  s t a n d p o i n t  k e e p i n g  

i n  m in d  t h e i r  c h a r a c t e r i s t i c s  a n d  t h e i r  m u t u a l  

s t r a t i g r a p h i c  r e l a t i o n s h i p s .

T h e  v a r i o u s  s o i l s  a r e  a l l  c o v e r e d  b y  a  b l a n k e t  

o f  s u r f a c e  d e b r i s  v a r y i n g  i n  t h i c k n e s s  f r o m  o n e  

a r e a  t o  a n o t h e r  b u t  w h i c h  i n c r e a s e s  t o w a r d s  t h e  

v a l l e y .

3 .  IN V E S T IG A T IO N S  AN D  M O N IT O R IN G  M EAS U R ES

B y  m e a n s  o f  d e t a i l e d  g e o l o g i c a l  s u r v e y s  a n d  b y  a  

p h o t o g e o l o g i c a l  a n a l y s i s  o f  a e r i a l  p h o t o g r a p h s  

t a k e n  o v e r  t h e  y e a r s ,  z o n e s  h a v i n g  d i f f e r e n t  

s t a b i l i t y  c o n d i t i o n s  h a v e  b e e n  i d e n t i f i e d ;  t h e  

g e o m e t r y  a n d  c h a r a c t e r i s t i c s  o f  t h e  s l i d e s  h a v e  

b e e n  d e f i n e d  a s  w e l l  a s  t h e  f a c t o r s  g o v e r n i n g  

t h e  n a t u r a l  b e h a v i o u r  a n d  s t a b i l i t y  o f  t h e  

s l o p e s .

A l l  t h e  g e o t e c h n i c a l  d a t a  ( d r i l l i n g  d a t a ,  

g e o p h y s i c a l  s u r v e y s ,  l a b o r a t o r y  t e s t s  p e r f o r m e d  

r a n d o m l y  o v e r  t h e  p a s t  2 5  y e a r s  f o r  t h e

1 6 0 4
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F i g u r e  2 .  T y p i c a l  g e o t e c h n i c a l  p r o f i l e s  o f  t h e  i n v e s t i g a t e d  a r e a .  1 :  O x i d i z e d  a n d  r e m o u l d e d  s u r f a c e  

s o i l s  ( P l i o c e n e ) .  2 :  P l i o c e n e  c l a y s .  3 :  O l i s t o s t r o m e .  4 :  O x i d i z e d  a n d  r e m o u l d e d  s u r f a c e  s o i l s .  

( F l y s c h ) . 5 :  R e c e n t  a n d  a n c i e n t  s l i d e  d e b r i s .  6 : F l y s c h  f o r m a t i o n .

I n  t e r m s  o f  g r a i n  s i z e ,  t h e  P l i o c e n e  f o r m a t i o n  

i s  m o r e  h o m o g e n e o u s  a n d  c a n  b e  c l a s s i f i e d  a s  

s i l t s  c o n t a i n i n g  c l a y .  T h e  F l y s c h  a n d  t h e  

o l i s t o s t r o m e ,  i n s t e a d ,  a r e  m o r e  h e t e r o g e n e o u s  

a n d  c o n t a i n  p l e n t i f u l  s a n d  a n d  g r a v e l  f r a c t i o n s .

T h e  s u r f a c e  s o i l s  r e f l e c t  t h e  n a t u r e  o f  t h e  

s u b s t r a t u m  ( F l y s c h  o r  P l i o c e n e  c l a y s )  f r o m  w h i c h  

t h e y  d e r i v e .  T h e  w e a t h e r e d  b l a n k e t  o f  t h e  F l y s c h  

i s  l e s s  h e t e r o g e n e o u s  t h a n  t h e  i n  s i t u  f o r m a t i o n  

a n d  i n  p a r t i c u l a r  i t  c o n t a i n s  a  s m a l l e r  

p r o p o r t i o n  o f  c o a r s e  f r a c t i o n ;  t h i s  i s  v e r y  

l i k e l y  d u e  t o  t h e  b r e a k d o w n  o f  t h e  s c a l e y  c l a y s  

a s  a  r e s u l t  o f  s o f t e n i n g  a n d  w e a t h e r i n g .

T h e  A t t e r b e r g  l i m i t s ,  d e t e r m i n e d  a c c o r d i n g  t o  

t h e  A S T M  p r o c e d u r e ,  e m p h a s i z e  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  s u p e r f i c i a l  s o i l s  a n d  b o t h  

u n d e r l y i n g  f o r m a t i o n s ;  t h e  g r a d u a l  p a s s a g e  f r o m  

t h e  s u r f a c e  b l a n k e t  t o  t h e  s u b s t r a t u m  i s  

d e p e n d e n t  o n  t h e  s o f t e n i n g  d e g r e e  o f  t h e  

u n d e r l y i n g  f o r m a t i o n s .  F o r  t h e  s u r f a c e m o s t  s o i l s  

t h e  A t t e r b e r g  l i m i t s  a r e  a l w a y s  h i g h e r .  S u c h  

d i f f e r e n c e s  r e f l e c t  c h a n g e s  i n  t h e  m i n e r a l o g i c a l  

c o m p o s i t i o n  w h i c h  h a v e  o c c u r r e d  i n  t h e  s o i l s  a s  

a  r e s u l t s  o f  w e a t h e r i n g  a n d  r e m o u l d i n g .

T a b l e  1 .  G e o t e c h n i c a l  p r o p e r t i e s .

A1 A2 A3 01 82 B3 84

HI [X] 40-60 30-45 30-40 35-65 40-65 35-50 30-45

Up [I] 20-35 15-25 15-20 15-45 15-25 10-30 10-25

ÏS
_ _

UN/I3J ■27.2-27.b- * C / . J -

1 [X] 20-25 14-22 14-15 8-35 20-40 15-25 10-20

C.I.1X1 .9- >1 >1 >1 .7- >1 .9- >1 .9- >1 >1

Y (kH/i3] 20.-21. 21.-22. 22.-22. 19.-21. 18.-21. 20.-22. 22.-23.

C' (kPa) 0-10 20-40 - 0-10 0-10 0-10 40

<P I-] 10-21 26-30 - 18-25 20-27 20-27 33

% H - - - .... — 18-25--.... -

Cc [-1 .17-.22 .10-.18 - .... -.21- .31-.... -

Ci (-) .06-08 .05-,07 - .... -.07-.09-.... -

Vp lKa/9) - - - 0.4-0.7 0.6-0.8 1.2-1.9 2.4-2.7

*1 Pliocene surface soils. A2 Pliocene clays. *3 Olistoitroie.
B1 Flysch surface soils. B2 Recent slide debris. B3 Ancient slide debris. 
64 Flysch foriation

T h e  s t r e n g t h  c h a r a c t e r i s t i c s  o f  t h e  s o i l s  w e r e  

d e t e r m i n e d  b y  b o t h  S P T  a n d  l a b o r a t o r y  t e s t s  

( s h e a r  a n d  t r i a x i a l  t e s t s ) . T h e  r e s i d u a l  

s t r e n g t h  v a l u e s  w e r e  d e t e r m i n e d  b y  r e v e r s a l  

s h e a r  t e s t s  ( 4 + 5  c y c l e s ) .

I n  t h e  a r e a s  w h e r e  t h e  P l i o c e n e  f o r m a t i o n  

o u t c r o p s ,  a  m a r k e d  d i f f e r e n c e  i n  s t r e n g t h  

c h a r a c t e r i s t i c s  b e t w e e n  s u b s t r a t u m  a n d  

s u p e r f i c i a l  s o i l s  w a s  f o u n d .  O n  t h e  c o n t r a r y ,  

f o r  t h e  F l y s c h  t h e  d i f f e r e n c e s  a r e  l e s s  e v i d e n t  

b e c a u s e  o f  t h e  g r a i n  s i z e  h e t e r o g e n e i t y  i n  t h e  

v a r i o u s  s a m p l e s .

5 .  S T A B I L I T Y  C O N D IT IO N S

I n  g e o l o g i c a l  e r a s  s l o p e  e v o l u t i o n  w a s  g o v e r n e d  

b y  m a j o r  l a n d s l i d e s ;  s l i d e  d e b r i s  b e c a m e  m o s t l y  

s t a b i l i z e d  i n  t i m e  b u t  t h e  s u r f a c e m o s t  l a y e r s  

w e r e  w e a t h e r e d  a n d  r e m o u l d e d ;  l o c a l l y  s o m e  s l o p e  

s e c t i o n s  w h i c h  w e r e  i n  l i m i t  e q u i l i b r i u m  

c o n d i t i o n s  w e r e  r e p e a t e d l y  s u b j e c t e d  t o  

l a n d s l i d e s  i n v o l v i n g  t h e  s u r f a c e m o s t  s o i l s ,  f o r  

m a x im u m  d e p t h s  o f  5 + 8  m , w h o s e  m e c h a n i c a l  

c h a r a c t e r i s t i c s  w e r e  p o o r e r  t h a n  t h o s e  o f  t h e  

u n d e r l y i n g  i n  s i t u  f o r m a t i o n s .

P a s t  e x p e r i e n c e  h a s  s h o w n  t h a t  t h e  i n s t a b i l i t y  

e f f e c t s  ( o b s e r v e d  o n  t h e  s o i l s  a n d  o n  t h e  

b u i l d i n g s  o f  L a r d e r e l l o )  a r e  l o c a l i z e d ,  a n d  t h e y  

d o  n o t  p r o d u c e  i n s t a b i l i t y  i n  t h e  w h o l e  o f  t h e  

s l o p e .

T h e  i n v e s t i g a t i o n s ,  t h e  m o n i t o r i n g  a n d  

c o m p u t e r  v e r i f i c a t i o n s  c a r r i e d  o u t  i n  t h e  a r e a  

h a v e  s h o w n  t h a t  t h e  f a c t o r s  w h i c h  h a v e  a  g r e a t e r  

i n f l u e n c e  o n  s t a b i l i t y  a r e  t h e  h e i g h t e n i n g  o f  

t h e  g r o u n d w a t e r  l e v e l  a n d  l o c a l  c h a n g e s  i n  s l o p e  

g r a d i e n t .  E v e n  s l i g h t  c h a n g e s  i n  t h e s e  v a l u e s  

m a y  j e o p a r d i z e  t h e  s t a b i l i t y  o f  s l o p e  p o r t i o n s .

A t  p r e s e n t ,  a s  i n  t h e  l a s t  1 0 0 - 1 5 0  y e a r s ,  

c h a n g e s  i n  s l o p e  p r o f i l e  c a n  b e  t r a c e d  b a c k  

p a r t i a l l y  t o  t h e  i n t e n s e  e r o s i o n  o f  s t r e a m s  a n d  

p a r t i a l l y  t o  t h e  d e v e l o p m e n t  w o r k s  r e q u i r e d  f o r  

t h e  i n d u s t r i a l  a n d  h u m a n  s e t t l e m e n t  ( r o a d s ,  

b u i l d i n g s ,  y a r d s ,  e t c . ) .

D a t a  f r o m  p r e v i o u s  o b s e r v a t i o n s  a n d  t h e  

e x p e r i e n c e  a c q u i r e d  o n  p a s t  e v e n t s  a n d  o n  t h e  

c a u s e s  p r o d u c i n g  t h e  s l i d e s  h a v e  a l l  b e e n  u s e d  

t o  d e s i g n  s t a b i l i z a t i o n  m e a s u r e s  w h i c h  a r e  t o  

s e c u r e  s u i t a b l e  s a f e t y  m a r g i n s  ( q > l . 3 )  f o r  

f u t u r e  b u i l d i n g s .
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F i g u r e  3 .  L o c a l  s t a b i l i t y  a n a l y s e s  a f t e r  

r e m e d i a l  m e a s u r e s .

T h e  i n c r e a s e d  s i z e s  o f  t h e  p l a n t s  t o  b e  b u i l t  

a n d  t h e  n o n  o p t i m a l  s t a b i l i t y  c o n d i t i o n s  o f  t h e  

a r e a s  e l i g i b l e  f o r  b u i l d i n g  d e m a n d  m o r e  

e x p e n s i v e  m e a s u r e s  t h a n  t h o s e  a d o p t e d  i n  t h e  

p a s t .

T a k i n g  i n t o  a c c o u n t  t h e  l o c a l  a n d  g l o b a l  

s t a b i l i t y  c o n d i t i o n s ,  t h e  m e a s u r e s  w e r e  d e s i g n e d  

b y  m e a n s  o f  c o m p u t e r  p r o g r a m s  (G E O N S a n d  S T A B L 2 )  

(B A R L A  e t  a l . ,  1 9 7 4  a n d  BO U T R U P  e t  a l . ,  1 9 7 9 ) .

T w o  s i g n i f i c a n t  e x a m p l e s  o f  t h e  e x a m in e d  

s i t u a t i o n s  a r e  g i v e n .  F i g .  3 s h o w s  a  s c h e m a t i c  

s e c t i o n  o f  t h e  m e a s u r e s  a d o p t e d  t o  w i d e n  a n  

e x i s t i n g  y a r d .  L o c a l  s t a b i l i t y  i s  s e c u r e d  b y  

d r a i n s  a n d  b y  r i g i d  a n d  f l e x i b l e  s u p p o r t  

s t r u c t u r e s .

F i g .  4  s h o w s  a n  a r e a  w h e r e  a  n e w  

g e o t h e r m o e l e c t r i c  p l a n t  i s  t o  b e  b u i l t .  C o m p u t e r  

v e r i f i c a t i o n s  o f  s t a b i l i t y  h a v e  s h o w n  t h a t  t h e r e  

a r e  n o  p r o b l e m s  o f  g l o b a l  s t a b i l i t y .  O n  t h e  

c o n t r a r y  l o c a l  s t a b i l i t y  d e m a n d s  t h e  a d o p t i o n  o f  

m e a s u r e s  s u c h  a s  d e e p  d r a i n s ,  p i l i n g s ,  e t c .

6 . G E O T E C H N IC A L  S IT U A T IO N  O F  T H E  A R E A

T h r e e  m a in  z o n e s  w e r e  d e f i n e d  ( F i g . l ) .

T h e  f i r s t  ( r e c e n t  s l i d e  d e b r i s ) ,  i s  t h e  g e n t l y  

s l o p i n g  v a l l e y  b e d  a r e a  w h e r e  t h e  t h i c k n e s s  o f  

t h e  w e a t h e r e d  s o i l  r e a c h e s  t h e  h i g h e s t  v a l u e s  

( 1 0 + 1 5  m ) a n d  w h e r e  t h e  m a in  c a u s e  f o r  

i n s t a b i l i t y  i s  t h e  e r o s i o n  p r o d u c e d  b y  t h e

F i g u r e  4 .  G l o b a l  s t a b i l i t y  a n a l y s e s  i n  a n  a r e a  

w h e r e  a  g e o t h e r m o e l e c t r i c  p o w e r  p l a n t  i s  t o  b e  

b u i l t .

s t r e a m .  B e s i d e s  a d o p t i n g  s t r u c t u r e s  p r o t e c t i n g  

t h e  a r e a  f r o m  t h e  e r o s i v e  a c t i o n  o f  t h e  s t r e a m ,  

t h e  f u t u r e  b u i l d i n g s  w i l l  h a v e  t o  h a v e  d e e p  

f o u n d a t i o n s  i n d e p e n d e n t l y  o f  t h e i r  s i z e .

T h e  s e c o n d  z o n e  ( a n c i e n t  s l i d e  d e b r i s ) , 

c o n s i s t s  o f  s l i g h t l y  s t e e p e r  s l o p e s  ( 10 +2 0 % ) ,  

t h e  o v e r b u r d e n  s o i l  v a r i e s  b e t w e e n  2 a n d  8 m i n  

t h i c k n e s s  a n d  h e r e  l o c a l  s t a b i l i t y  n e e d s  t o  b e  

v e r i f i e d  w h e r e  a r t i f i c i a l  c u t s  a n d  y a r d s  h a v e  

b e e n  b u i l t .  A s  r e g a r d s  t h e  n e w  b u i l d i n g s ,  d e e p  

o r  s h a l l o w  f o u n d a t i o n s  w i l l  h a v e  t o  b e  a d o p t e d  

d e p e n d i n g  o n  t h e  s i z e  a n d  l o a d  o f  t h e  b u i l d i n g s  

i n v o l v e d .

S t a b i l i z a t i o n  o f  e x c a v a t i o n  f a c e s  a n d  

e m b a n k m e n ts  w i l l  r e q u i r e  d r a i n a g e  a n d  s u p p o r t  

w o r k s  t o  i m p r o v e  t h e  p r e v i o u s  s t a b i l i t y  

c o n d i t i o n s .

T h e  s a m e  c r i t e r i a  h o l d  f o r  t h e  b u i l t - u p  a r e a s ;  

d u r i n g  t h e  s t u d y  t h e  b u i l d i n g s  w e r e  c l a s s i f i e d  

a c c o r d i n g  a  r i s k  s c a l e  w h i c h ,  d e p e n d i n g  o n  t h e  

d e g r e e  o f  v u l n e r a b i l i t y ,  p r o v i d e d  t h e  d a t a  t o  

s e t  u p  a  l i s t  o f  p r i o r i t y  i n t e r v e n t i o n s .

T h e  t h i r d  z o n e  i s  c h a r a c t e r i z e d  b y  s t e e p e r  

s l o p e s  ( > 2 0 + 3 0 % )  w h e r e  t h e  i n  s i t u  f o r m a t i o n  i s  

l o c a t e d  a t  s m a l l  d e p t h s  a n d  i s  c o v e r e d  b y  

w e a t h e r e d  b l a n k e t  s o i l s  o f  s m a l l  t h i c k n e s s .

I n  t h e  p a s t ,  i n  t h i s  z o n e  t h e  n u m b e r  o f  

b u i l d i n g  s i t e s ,  w a s  r a t h e r  l i m i t e d  a n d  g i v e n  t h e  

p r e s e n t  a n d  f u t u r e  n e e d  f o r  n e w  b u i l d i n g  s i t e s ,  

i t  i s  n e c e s s a r y  t o  c a r e f u l l y  s t u d y  t h e  s t a b i l i t y  

c o n d i t i o n s  o f  a r t i f i c i a l  c u t s ,  t a k i n g  i n t o  

a c c o u n t  t h e  h i g h  d e g r e e  o f  v a r i a b i l i t y  o f  t h e  

r o c k - c l a y  r a t i o  i n  t h e  F l y s c h o i d  f o r m a t i o n .

7 .  C O N C L U S IO N S

T h e  s e r i e s  o f  i n v e s t i g a t i o n s  c a r r i e d  o u t  

e n t a i l e d ,  a  c l o s e  s t u d y  o f  t h e  g e o l o g i c a l -  

g e o t e c h n i c a l  a n d  h y d r a u l i c - h y d r o l o g i c

i n s t a b i l i t y  p h e n o m e n a  a s  w e l l  a s  a  s t r u c t u r a l  

s t u d y  o f  t h e  e x i s t i n g  b u i l d i n g s .

T h e  r e s u l t s  o b t a i n e d  f o r  t h e  v a r i o u s  a s p e c t s  

w e r e  p r o c e s s e d  t a k i n g  i n t o  a c c o u n t  t h e  

i n t e r a c t i o n  o f  t h e  c a u s e s  r e s p o n s i b l e  f o r  t h e  

i n s t a b i l i t y  p h e n o m e n a  t h a t  h a v e  l e f t  n o t i c e a b l e  

t r a c e s  i n  t h e  b u i l d i n g s  o v e r  t h e  l a s t  c e n t u r y .

T h e  d a t a  a n d  o b s e r v a t i o n s  m a d e  i n  t h e  p a s t ,  

s u p p l e m e n t e d  w i t h  a d d i t i o n a l  i n v e s t i g a t i o n s ,  

h a v e  s e r v e d  t o  d e f i n e  t h e  g u i d e l i n e s  b e i n g  

f o l l o w e d  i n  a r e a  u s e  r e l a t e d  t o  t h e  n e e d  t o  

p r e s e r v e  e x i s t i n g  a n d  p r o s p e c t i v e  s e t t l e m e n t s .
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