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P a n e lis t c o n tr ib u tio n : S ta b iliz a tio n  o f D o w n ie  S lid e  an d  

D u tc h m a n ’s  R idg e  

C o n tr ib u tio n  d e  p a n e lis t: S ta b ilis a tio n  du  g lis s e m e n t d e  

D o w n ie  e t de  la  C re te  d e  D u tc h m a n

D E N N IS  P. M O O R E , B r it is h  C o lu m b ia  H y d ro ,  V a n c o u v e r, B. C ., 

C a n a d a

Some 2430 m of adit were excavated within the slide mass 

for the most part. Excavation was done in three separate 

phases between 1974 and 1981. About 12,200 m of 

drainholes were drilled from the adits and a widespread 

lowering of water pressures at the basal shear zone was 

achieved (Fig. 1).

This reduction in water pressures resulted in a reduction 

in the movement rate in the shear zone from about 10 

mm/year throughout the slide to about 1 mm/year in

Introduction

Two major rockslides in British Columbia have been 

stabilized through drainage. Design of the drainage 

systems was carried out using the observational method. 

For this method to work it is vitally important to have 

proper instrumentation in place to make the necessary 

observations. A multiple piezometer system developed by 

Westbay Instruments proved extremely useful for allowing 

these observations.

Downie Slide

Downie Slide is an existing slide in gneisses and schists 

which measures 2.4 km along the Columbia River in 

southwestern B.C. and 3.2 km from toe to headscarp 

(Fig. 1). The maximum thickness is about 245 m giving 

a volume of 1.4 x 10“ cubic metres. The slide is thought 

to have formed shortly after glaciation deepened the valley 

and daylighted a weak schist layer dipping at 18 parallel 

to the surface which allowed the overlying gneisses and 

schists to slip about 300 m towards the river (Fig. 2).

Downie became an issue at public hearings to license the 

Revelstoke Dam Project because the reservoir was to 

flood the toe of the slide by about 70 m and concerns 

about slide induced waves or valley blockage were raised. 

B.C. Hydro agreed to install a drainage system to more 

than offset the destabilizing effect of the flooding and was 

required to prove that this had been done before reservoir 

filling was completed.

A series of investigation programs were undertaken 

which eventually amounted to 41 drill holes instrumented 

with 113 piezometers and 10 inclinometer casings. As 

well, a surface monitoring system was upgraded and a 

continuous surveillance system complete with automatic 

warnings was installed.

The drainage system was constructed in phases so that 

observations made in initial phases could be used to layout 

subsequent phases. Thus, great economies can be realized 

by tailoring the construction to reality as it is revealed.

• Surface Drill Hole 

---- izao—  Surface Contours

----- — Change in Water Levels Acting on Lower

Shear Zone

Figure 1. Downie Slide. Drainage of this 1.4 x 10“ cubic 

metre slide achieved a lowering of pressure at the slide 

base of up to about 120 m to more than offset the 

increase due to the reservoir of up to about 60 m.
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Figure 2. Downie Slide - Section. The drainage adit was 

constructed primarily within the slide mass. Failure 

surfaces followed weak schist layers dipping 18 

downslope.
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isolated areas even after the reservoir was filled. 

Although the drainage only resulted in an increase in the 

calculated factor of safety of a few percent over pre­

reservoir conditions, it is considered to be adequately 

stabilized for the life of the project. Nevertheless, 

monitoring will continue.

Dutchman’s Ridge

Dutchman’s Ridge (Fig. 3) is a potential rockslide along 

the reservoir of Mica Dam which is a 247 m high 

embankment dam on the Columbia River just upstream 

from the Revelstoke reservoir. An existing 800 x 10" 

cubic metre slide alerted the designers of the Dam 

(Crippen, Acrcs and Shawinigan) to the slide potential 

and the existence of a potential slide at Dutchman's Ridge 

was revealed in 1969 - 70.

• Surface Drill Hole 

—  iioo —  Surface Contour

-----'S°— Change in Water Levels Acting on Potential

Slide Base

Figure 3. Dutchman’s Ridge. Drainage of up to 110 m 

of water pressure more than offset the effect the 

inundation of the toe of the slope by the reservoir.

This potential slide consists of 115 x 10° cubic metres of 

gneiss overlying a fault zone which dips 29 towards the 

reservoir (Fig. 4). The surface slope of the ridge is about 

35 and it is only 1.5 km upstream from the dam so the 

impact on the dam of a rapid slide from this slope could 

be severe. The designers recommended a short adit to 

provide further information and some drainage, but this

Figure 4. Dutchman’s Ridge - Section. The drainage adit 

was constructed primarily below the potentia slide base. 

Creep movement was concentrated along a fault zone 

dipping 29 towards the reservoir. Numerous 

piezometers showed that pressure at the movement zone 

dropped from about Level PI to Level P2 during 

drainage.

was not agreed to by B.C. Hydro’s Advisory Board at the 

time. Instead, the crest of the dam was widened to 

provide increased erosion resistance and a monitoring 

program for the slope was instituted. Should movement 

be detected, the stability of the slope was to be re­

examined.

No movements were detected during the few years prior 

to reservoir filling, although the loosened, weathered 

nature of the rock above the fault indicated there had 

been a long history of downslope creep. Movement was 

triggered during reservoir filling at a rate of several cm 

per year while filling was in progress. These slowed to 

a steady movement of about 1 cm/year during normal 

operation of the reservoir (Fig. 5).

This movement prompted an investigation program 

which eventually amounted to 41 drill holes instrumented 

with 267 piezometers, 10 inclinometers and a continuous 

surveillance system. The investigation confirmed that a 

large mass of rock was creeping into the reservoir along 

the fault zone. Since there was no evidence of very large 

displacements it was considered to be a first time slide 

with some potential for rapid acceleration. Considering 

the huge investment in Mica Dam and the losses should 

even a change in reservoir operation become necessary, 

it was decided to stabilize the slide through drainage.

Before the drainage began, a comprehensive system of 

piezometers were installed to monitor the construction 

and thereby allow appropriate changes to the layout to be 

made as actual conditions were revealed. For this 

purpose it was very useful to have the multiple piezometer

D U T C H M A N ' S  R I D G E  D R A I N A G E  A D I T
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Figure 5. Dutchman’s Ridge. Inclinometer movement 

records show the renewal of creep movement within the 

Basal Fault caused by reservoir filling followed by slowing 

as the drainage system was constructed.

system of Westbay Instruments available which allowed 

us to install piezometers every few metres along a drill 

hole. Packers used to seal between the piezometer 

completion zones proved to be very successful in the 

highly fractured rock, although we were apprehensive at 

the start.

We know it is extremely important to have short 

completion zones right at the features of interest in 

layered rocks because abrupt and often unpredictable 

changes in water pressure can occur over very short 

distances. For example, through use of the Westbay 

System a pressure head of 75 m was discovered trapped 

beneath a 15 cm gouge layer at the base of the slide in an 

area that was formerly thought to be dry. Subsequent 

drainage of these pressures allowed us to delete almost 3/4 

of a million dollars worth of construction from elsewhere 

on the job and still achieve our objective of offsetting the 

effect of the reservoir. Thus the cost of the closely spaced 

piezometers was easily justified by this one observation 

alone.

Closely spaced instrumentation is certainly required in 

these complex slopes and closely spaced readings are as 

well. Lately, we have tended to install continuous data 

acquisition systems on critical instrumentation at least.

At Dutchman's we constructed 800 m of adit, mainly 

just below the basal fault zone and 17,000 m of drainholes 

to reduce the average head at the base from 36 m to 

10 m. There was a rapid response to drainage (Fig. 6) 

and having proper instrumentation in place allowed us to 

adjust the numbers and locations of drill holes and the 

layout and length of the adit to achieve our objective in 

the most economic manner. No reasonable amount of 

pre-construction information could have allowed an

Figure 6. Dutchman's Ridge - Piezometer Record. 

Piezometric monitoring allowed just the right number of 

drainholes to be drilled to achieve the objectives. For 

clarity, only 5 of the 25 piezometer records from this hole 

are shown.

efficient fixed design to be determined. The observational 

method must be used.

Widespread reduction in water pressure was achieved 

and the movement along the fault zone has begun to stop 

(Fig. 5) even though the increase in factor of safety was 

only in the order of 5%.

Summary

It is considered that the observational method is probably 

the only way, and certainly the most economical way to 

design drainage systems for large complex rock masses, 

but thorough instrumentation must be in place to allow 

observations to be made.

Good instrumentation and good observations lead to a 

good design which in turn can provide great economies.

The newly developed multiple piezometer system 

developed by Westbay Instruments of Vancouver proved 

very useful in this regard.

The two large rockslides are now considered sufficiently 

stable for the long term security of the project.
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P a n e lis t c o n tr ib u tio n : R a in  in d u ce d  a c c id e n ts  in R io  d e  

J a n e iro  -  C a u s e s  a n d  p re v e n tio n  

C o n tr ib u tio n  d e  p a n e lis t: A c c id e n ts  p ro v o q u 6 s  p a r la 

p lu ie  ei R io  d e  J a n e iro  -  C a u s e s  e t p re v e n tio n

W IL L Y  A .L A C E R D A , C O P P E /U F R J ,  R io  d e  J a n e iro , B ra z il

1.  I NTRODUCTI ON

Hi o  de J a ne i r o  i s  a c i t y  wi t h  a p e c u l i a r  

t opogr aphy ,  s andwi c h e d  b e t we e n  t he s ea and 

c ha i ns  o f  mo u n t a i n s  up t o a ma x i mu m a l t i t u d e  

o f  1024 m abov e  me a n  s ea l ev el .  Yea r l y  

r a i n f a l l  a v e r age  i s  abou t  1 , 100  nni ,  and  about  

250 mm/ mo n t h  du r i n g  s ummer .  Ped r os a  et  al  

( 1988)  and  Ba r a t a  ( 1969)  p r es en t  a good 

d e s c r i p t i o n  of  t he g e o mo r p h o l o g i c  and 

c l i ma t i c  a s pec t s  of  Ri o.  Co n s t r u c t i o n  i n Ri o  

was  i n i t i a t ed  a l ong  t he l ow e l e v a t i o n  c oas t a l  

a r eas  and  r i v e r  v a l l ey s  s i nc e  i t s  f ound i ng  i n 

1565.  Beg i n n i n g  i n t he 1800 ' s  c o n s t r uc t i ons  

on  i t s  s l opes  we r e  made,  but  not  on a l ar ge 

s c al e.  On l y  i n t he XXt h  c en t u r y  heav y  

o c c u p a t i o n  of  s l opes  wa s  under t ak en ,  at  f i r s t  

by  upper  and mi d d l e  c l as s  i nhab i t an t s ,  and,  

s i nc e 1940 and s pec i a l l y  a f t e r  1960 by  l ower  

c l as s  and  s u b - e mp l o y e d  i nhab i t an t s ,  

o r i g i n a t i n g  l ow q u a l i t y  h o u s i n g  o f t e n  bu i l t  

on  s t eep  s i t es .  Cu t s  and f i l l s  and 

de f o r e s t a t i o n  at  an I n c r eas i ng  r a t e  s i nc e 

1960 we r e  r es o r t ed  t o f or  t h i s  c o n s t r u c t i o n  

s pr ee,  and  i n ma n y  i ns t anc es  na t u r a l  d r a i n a g e  

c ou r s es  we r e  a l t er ed.  Ga r bage  and 

c o n s t r u c t i o n  r ubb l e  d i s pos a l  a l ong  t he s l opes  

c o n t r i b u t e d  t o t he a l r e a d y  p r e c a r i ous  

s t ab i l i t y  c ond i t i o n s  of  t he h i l l s i des .

Fi gu r e  1 d e p i c t s  t he a r ea  c o v e r ed  by  

mo u n t a i n s  abov e  e l e v a t i o n  100 m;  t he po i n t s  

r ep r es en t  a g g l o me r a t i o n s  of  s l ums  up t o now,  

wh i c h  ma k e  f or  a p p r o x i ma t e l y  30 % o f  t he 

u r ban  p o p u l a t i o n  of  Ri o,  wh i c h  i s  n o w about

10 mi l l i o n  peopl e.

2.  RAI NFAL L

Al o n g  t he s o u t h e a s t e r n  c oas t a l  mo u n t a i n  

r anges  o f  Br az i l  r a i ny  s eas ons  c o i nc i de  wi t h

•  UP TO 1980 @ 3  MOUNTAINS

FIGURE 1 - Rio de Janeiro Slum Distribution

s ummer ,  d u r i n g  wh i c h  t he ma j o r i t y  of  

l ands l i des  oc c ur .  They  c an be ex t r eme l y  

d e s t r u c t i v e  i n i nhab i t ed  a r eas  wh e n e v e r  a 

c o mb i n a t i o n  of  an t ec eden t ,  or  a c c u mu l a t e d  

r a i n f a l l  s i nc e  t he p r e v i o u s  wi n t e r ,  and ev en t  

r a i n f a l l ,  t hat  i s,  t he amoun t  o f  r a i n f a l l  

p e r t a i n i n g  t o a g i v en  s hor L pe r i o d  o f  t i me 

r e l a t ed  t o t he l ands l i de  ev ent ,  r eac h  a 

c e r t a i n  l ev el .  Gu i d i c i n i  and  I was a ( 1977)  

and,  mo r e  r ec en t l y ,  Ta t i z a n a  et  al  ( 1987)  

hav e  p r o d u c e d  g r aphs  s uc h  as  t hos e s hown  i n 

Fi gu r es  2 and 3.  The  c u r v es  i n t he g r aphs  

s epar a t e  r eg i ons  or  z ones  of  p r o b a b i l i t y  of  

oc c u r r e n c e  of  l ands l i des .  I n Fi gu r e  1,  i f  a 

po i n t  o f  a c c u mu l a t e d  r a i n f a l l  l i es  i n z one  A 

t her e  i s p r a c t i c a l l y  100 X of  c hanc e  t hat  a 

s e r i ous  l ands l i de  wi l l  oc c ur ,  or  has  

oc c ur r ed .  I n Fi gu r e  3 t he a c c u mu l a t e d  

r a i n f a l l  ov e r  t he pas t  4 day s  i s p l o t t ed  

aga i ns t  t he p eak  i n t ens i t y  of  r a i n  at  t he

FIGURE 2 -  Guidicini a  Iwaea (1977)
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4  -  D a y  a c c u m u l a t e d  r a i n f a l l  ( h i  m )

FIGURE 3 -  Tatlzana et al. (1 9 8 7 )

moment ,  o f  t he ev ent .  Agai n ,  t he l oc a t i on  o f  a 

po i n t  r ep r es e n t i n g  r a i n f a l l  c o n d i t i ons  of  a 

g i v e n  ev en t  wi l l  me a s u r e  i t s  p r o b a b l i t y  of  

d e v e l o p i n g  l ar ge or  mu l t i p l e  l ands l i des .  Suc h  

c u r v es  a r e  v a l i d  f or  a g i v en  a r ea  wi  t h c ommon  

g eo l og i c  and  c l i ma t i c  c ond i t i ons .

Po i n t s  1,  2 and 3 i n Fi gu r e  2 r ep r es en t  

cumni ul a Li  v e r a i n f a l l s  f or  t he a c c i d e n L s  i n 

Hi o  of  1966,  1967 and  1968.  Fi gu r e  4 s hows  a 

g r a p h  of  r a i n f a l l  f or  Lhr ee ep i s odes .  Al l  o f  

Ll i em c o i nc i d e d  wi t h  l ands l i de  i n t ens i t y  of  

hu nd r eds  of  ev en t s  d u r i n g  t he hour s  of  peak  

i n t ens i t y ,  and,  i n s ome c as es ,  s ome day s  

af t er .  I n ev e r y  one of  t he ev en t s  a s t a t e  of  

“ pub l i c  c a l ami t y "  wa s  d e c l a r e d  by  t he 

aut t i or  i  t i es  . I t  seei ns t t i at  t t i er e i s  a 

t h r es ho l d  f or  p eak  r a i n  i n t ens i t y  a r ound  

60 - 100  mm/ h r  abov e  wh i c h  huge  l ands l i des ,  or  

c at as t l n oph i c  l ands l i des ,  oc c u r  i n Ri o.

3.  TYPI CAL  LANDSLI DE;  SI TUATI ONS AND 

l i NGI NI i LKl NG SOLUTI ONS

Wher e  a s t eep  r oc k  s l ope  ma k e s  c on t ac t  wi t h  

l es i dua l  s oi l  or  t a l us  mat er i a l  and / o r  

c o l l uv i a l  ma n t l e  o v e r l y i n g  r es i dua l  s oi l  wi t h  

a gen t l e r  s l ope  ang l e  t her e i s a f av or ed  

i nf i l l . r aLi on l i ne f or  s uper f i c i a l  f l ow 

c o l l e c t e d  a l ong  t he r oc k  f ace,  a l o n g  wh i c h  

r un - o f f  i s  p r a c t i c a l l y  100 54. The waLer  

i n f i l t r a t es  mo r e  eas i l y  bec aus e  a l ong  s uc h 

c o nLac Ls  Lensi or i  c r ac k s  a r e  l i k e l y  t o oc c ur ,  

wh i c h  t end t o wi d e n  wi t h  t i me as  c r eep  

mo v e me n t s  o f  t he s o i 1 / t a l u s - c o l l u v i u m 

pr oc eeds .  Ver y  f r equen t l y  one f i nds  l ar ge 

d e p r e s s i o n s  i n Lhes e r eg i ons ,  wh i c h  c an  be 

h i dden,  c o v e r ed  by  f o r es t s  and  dec ay ed

FIGURE 4 -  Typical rainfall for critical years

v eget a t i on .  Th i s  i s a v er y  i mpor t an t  s our c e  

ol  r ec ha r ge  of  t he s oi l  ac qu i f e r  . Th i 9  

aqu i f e r  has  i t s  p i e z ome t r i c  l ev el  i nc r eas ed  

du r i ng  t he r a i ny  s eas on,  and  i t  c an c aus e  a 

l ands l i de  by  means  of  r educ ed  e f f ec t i v e  

s t r es s es  a l ong  t he c on t ac t  of  t he 

s uper f i c i a l ,  o f t e n  mor e  i mper meab l e  s oi l ,  

wi t h  t he r es i dua l ,  s andy  s oi l  d e r i v ed  f r om 

t he a l t e r a t i o n  of  t he g ne i s s i c  and  g r an i t i c  

r oc k s  t hat  c o n s t i t u t e  p r a c t i c a l l y  t he 

ma J o r i L y  o f  Ri o ' s  mounLa i ns .  I n t h i s  c as e,  a 

c o r r ec t i v e  me a s u r e  o f t e n  us ed  i s t o i n t er c ept  

t hi s  r uno f f  wa t e r  by  me a n s  of  a r e i n f o r c ed  

c o nc r e t e  d i L c h  anc h o r e d  t o t he r oc k  s l ope 

j us t  abov e  t he c on t ac t ,  F; i g.  5( a) .  Th i s  

me a s u r e  a l one  i s o f t e n  c apab l e  t o av o i d  

f uLur e  haz ar ds .

Ano t he r  c o mmo m s i Lu a t i o n  i s whe r e  a s h a l l ow 

s oi l  c ov er  ov e r l i e s  i mpe r meab l e  r oc k ,  wi t h  a 

s l ope  ang l e  c o mp a t i b l e  wi  Ui  t he s hear  

s t r eng t h  of  t he s oi l ,  Fi gu r e  5( b) .  Gr ound  

wa l e r  f l ow pa r a l l e l  t o t he s l ope  c an f o r m 

a f Ler  a p r o l o n g e d  pe r i od  of  r ai n,  wi t h  

f a i l u r e  ens u i ng.  Th i s  s i t ua t i on  i s 

p a r t i c u l a r l y  adv e r s e  at .  t he t op o f  o l d  

a b a n d o n e d  quar r i es .  Ther e  hav e  been  c as es  of  

mud f l o ws  f a l l i ng  f r om t he hi l l  c r es L and 

c a u s i ng  e x t ens i v e  damage  Lo p r ope i Ly  and l os s  

of  l i v es  downh i l l .  I n t h i s  c as e,  ex t ens i ve,  

s uper f i c i a l  d r a i n a g e  and  s omet i mes  pos i t i v e  

i mp o r me a b i 1 i z aL i on  by  s p r ay ed  c onc r eLe  ar e 

u s e d .
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Anot her  gr oup of  pr obl ems i 9  r el at ed t o 

r ockf al l s,  whi ch may be due t o u/ at er  pr essur e 

al ong f r act ur es and cr acks caus i ng t hei r  

det achment  f r om t he r ock sl ope,  or  t o er os i on 

i n t he soi l  suppor t i ng r esi dual  boul der s  i n 

gr ani t i c  sl opes.  Thi s er os i on i s of t en 

accel er at ed by means of  veget at i on r emoval  

and excavat i on f or  t he cons t r uc t i on of  9hant y 

houses.  Thi s  s i t uat i on i s common i n Ri o,  and 

i n f act  cor r esponds t o a ver y l ar ge 

per cent age of  acc i dent s  i n s l um ar eas.  I n 

Lhi s case boul der  r emot i on or  boul der  

dest r uc t i on by means of  cont r ol l ed bl ast i ng 

i s done wher ever  possi bl e;  i n cases wher e t he 

number  of  houses i n t i l e pr ox i mi t y  does not  

al l ow t he r emoval  or  bl ast i ng,  anchor i ng of  

t he boul der s  wi t h t i ebacks i s used,  or  

somet i mes a combi nat i on of  anchor ed r et ai ni ng 

u/ al l s i n f r ont  of  t he boul der s,  cor r ect i ve 

super f i c i al  dr ai nage and t i e- backs.

A cr i t i cal  s i t uat i on i s t he cr eep movement  of  

a l ar ge and deep col l uv i al  mass u/ i t h t he 

wat er  l evel  near l y  at  t he sur f ace.  These 

movement s  can af f ect  st r eet s u/ i t h houses 

s i t uat ed at  t he f oot  of  t he sl ope.  I n t hese 

cases,  i nt er nal  dr ai nage by means of  l ong 

hor i zont al  dr ai ns ( 30 t o 50 m ) i s used wi t h 

success,  Fi gur e 5( c) .
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The aut hor s wi sh t o t hank t he Gener al  Repor t er  
by hi s comment s concer ni ng t hei r  paper  " Fi el d 
i ns t r ument at i on r el at ed t o downsl ope movement s" .  
I n t hi s way,  t hey f i nd necessar y  t o pr esent  t hese 
not es i n or der  t o c l ar i f y  some quest i ons.

The r esear ch pr ogr ammat i on car r i ed out  i n t he 
ar ea t ook i nt o account  ot her  aspect s t hat  ar e not  
shown i n t he paper .  The r esul t s  concer ni ng t he 
set t l ement s of  t he monument s  and t he sl ope 
st abi l i t y  ar e shown el sewher e ( Gusmao et  al i i ,  
1986- a) .

The set t l ement s  of  t he monument s  wer e est i mat ed 
by cur r ent  met hods , once t he geomet r y  and t he 
mat er i al  of  t he monument s  as wel l  as t he soi l  
compr ess i bi l i t y  par amet er s wer e known or  
det er mi ned by l abor at or y t est s.  The r esul t s show 
t hat  t he st r uct ur e of  t hese monument s  i s ver y 
sensi t i ve t o set t l ement .  The cr i t i cal  set t l ement  
t o damage ( 10mm)  by t he Bur l and and Wr ot h 
c r i t er i um i s l ower  t han t he cal cul at ed set t l ement  
due t o pr i mar y  consol i dat i on ( 27 t o 30 mm) .  Ther e 
i s al so a l ar ge di f er ence bet ween t he val ues of  
t he cal cul at ed set t l ement s and t he val ues of  t he 
measur ed set t l ement s,  as i t  shown i n t he Tabl e 1.

Tabl e 1.  Exampl es of  cal cul at ed ver sus measur ed 
set t l ement s

Monument Local  Damage Set t l ement
cal cul at ed measur ed

Car mo Chur ch Ti l t i ng of  
l ef t  t ower

27mm 60mm

S.  Fr anci sco Unl evel l i ng 
t he Sacr i s t y  
f l oor

30mm 260mm

S.  Bent o 
Monast er y

Unl evel i ng 
t he Sacr i st y 
f l oor

28mm 50i ran

He can say t hat  ot her  mechani sms wer e added 
al ong t he t i me i n or der  t o enl ar ge unt i l  9 t i mes 
t he set t l ement s t hat  ar e obser ved t oday.  The 
i nf l uence of  ot her  event s  on t he f i nal  set t l ement  
must  have occur r ed. Exampl es  of  t hi s s i t uat i on ar e 
t he t i me ef f ec t  on t he def or mat i on,  t he ef f ec t  of  
cut s t hat  wer e made i n t he s l opes dur i ng t he 
ur ban gr owt h of  t he c i t y pr ovokat i ng l at er al  
l oad r el i ef  and t he r ai n i nf l uence on t he sl ope 
st abi l i t y  s t ar t i ng movement s.

Concer ni ng t he t i me ef f ect ,  t he r esul t s show 
a coef f i c i ent  of  secundar y  compr ess i on ver y l ow 
(0 , 2 %) ,  i n such a way t hat  t he l i f e t i me 
set t l ement  ( 385 year s)  i s onl y 1/ 3 of  t he pr i mar y

consol i dat i on set t l ement .  The anal ysi s showed 
al so bot h t he i mpor t ance of  t he cut s made( 1986Tb)  
and t he gr owndwat er  f l oat at i on ( 1987)  i n t he 
sl ope st abi l i t y.  Tabl e 2 shows t he decr ease i n 
sl ope' s f act or  of  saf et y as a f unct i on of  t he 
gr oundwat er  f l oat at i on.  The max i mum l evel  occur s 
dur i ng t he i nt ensi ve r ai ns as i t  i s shown i n 
t hi s paper ,  and t he f act or  of  saf et y cal cul at ed 
wi t h t he r esi dual  r es i s t ance decr eases t o al most  
one.

Tabl e 2.  Var i at i on 
saf et y wi t h t he GW

of  t he s l ope' s 
posi t i on.

f act or  of

Si t e Fact or  
GW mi ni mum

of  Saf et y 
i GW maxi mum

Car mo 1. 4 1 . 1

S.  Fr anci sco 1. 7 1 . 2

S.  Bent o ( SPR 1) 2. 3 1. 7
S.  Bent o ( SPR 2) 2 . 0 1. 5
S.  Bent o ( SPR 3/ 1 . 8 1 . 0

These i mpor t ant  f act or s cause sl ope movement s  
r esul t i ng i n adi t i onal  set t l ement  whi ch i s 
r esponsabl e by t he l ar ge f i nal  set t l ement  
obser ved t oday.  The i ns t r ument at i on di scussed i n 
t he paper  del i ver ed t he necessar y  i nf or mat i on 
t o t he st abi l i t y  anal ysi s.
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In s tru m e n ta l o b s e rv a tio n  o f la n d s lid e  s lo p e s  

O b s e rv a tio n s  p a r in s tru m e n ts  en  p la c e  d e  g lis s e m e n ts  

d e  te rra in

L .K .  G IN Z B U R G , U k rs p e ts s t ro jp ro e k t,  D n e p ro p e tro v s k , R u s s ia

SYNOPSI S:  St udy i ng  uns t ab l e  s l opes  on t he t e r r i t o r y  of  

t he USSR.  Met hods  f or  geode t i c  obs er v a t i on  of  l ands l i de 

mov ement s .  De t e r mi na t i on  of  s l i d i ng  s ur f ac e by  means  of  

an i nc l i nomet er .  Us i ng  of  hy dr au l i c  s ens or  t o de t er mi ne 

t he l ands l i de  pr es s ur e.  App l i c a t i on  of  t he ac ous t i c  

emi s s i on  met hod.

When st udyi ng unst abl e sl opes on t he t er r i t or y 

of  t he USSR, f i el d obser vat i ons ar e conduct ed t o 

obser vesl andsl i de def or mat i ons; abr asi on on wa­

t er  r eser voi r s and er osi on on wat er  cour ses;  

on- sl ope pr ocesses caused by sur f aces wat er s;  

weat her i ng of  r ocks and seasonal  change i n 

t hei r  moi st ur e cont ent { i nf l uence of  under gr ound 

wat er s. Such obser vat i ons ar e speci f i ed by va­

r i ous of f i ci al  document s ( I nst r uct i ons Manual ,  

1966{ Const r uct i on Nor ms, I 988) .

To obt ai n pr eci se quant i t at i ve char act er i s ­

t i cs of  l andsl i de di spl acement s, i nst r ument al  

obser vat i ons ar e conduct ed whi ch i ncl ude measu­

r ement  of  i n- pl ane and el evat i onal  posi t i on of  

mar ks and beacons ( I nst al l ed bot h on t he gr ound 

sur f aoe and on bui l di ngs and st r uct ur es) ,  and 

conduct i on of  st er eophot ogr ammet r i c sur vey as 

wel l .

When st udyi ng l andsl i de movement s by measur e­

ment  of  t he i n- pl ane and el evat i onal  posi t i on 

of  bench mar ks, mar ks and beacons t he f ol l owi ng 

t echni ques ar e used:

a)  f or  each l andsl i de at  l east  t hr ee i ni t i al  

gr ound bench mar ks on i nher ent l y i mmovabl e 

ar eas ar e i nst al l ed;

b)  gr ound mar ks ar e ar r anged i n t he l ongi t u­

di nal  r anges coi nci dent  wi t h t he l i nes of  t he 

engi neer i ng and geol ogi cal  sect i ons; t he i nt er ­

val s bet ween t he mar ks not  exceedi ng 20 t o 30m;

c) t o obser ve t he behavi our  of  t he i n- dept h 

gr ound l ayer s, i n- dept h mar ks ar e i nst al l ed ( t o 

t hi s end dr i l l  hol es ar e used) ;

d)  t o measur e t he subsi dence of  bui l di ngs

l ocat ed on a l andsl i de sl ope, i n—wal l  mar ks ar e 

ar r anged I n t hei r  wal l s;

e)  t o obser ve t he def or mat i ons of  bui l di ngs,  

i n- wal l  beacons ar e ar r anged i n t he cr acks de­

vel oped t her ei n.

The number  of  i nst r ument al  obser vat i on cycl es 

and t i me i nt er val s bet ween t he cycl es ar e a 

f unct i on of  t he l andsl i de mass movement  vel oci ­

t y and t he t asks set , but  at  l east  t hr ee cycl es 

ar e used dur i ng a year , wi t h a 2- 4 mont hs i nt er ­

val  t her ebet ween.

Var i ous met hods ( qui t e wel l - known i n gener al )  

f or  geodet i c obser vat i on of  l andsl i de movement s 

ar e used: met hods of  di st anoes, r anges, r ays, l i ­

near  i nt er sect i ons, et o.  The met hod of  di st anoes 

i s t he si mpl est  and t he most  wi del y used ( Ter -  

St epani an, I 979) .  The met hod f eat ur es syst emat i c 

measur ement s of  di st ances bet ween i mmobi l e r e­

f er ence si gns and mobi l e ( sl i di ng)  poi nt s.

Geodet i c obser vat i ons of  l andsl i des ar e ge­

ner al l y wel l  known i n t he ar t  of  engi neer i ng,  

t her ef or e i t  i s unr easonabl e t o dwel l  i n det ai l  

on t he pr ooedur e of  t hei r  per f or mance.

But  i t  shoul d be not ed t hat  t her e ar e some 

or gani zat i ons whi ch have car r i ed out  syst emat i c 

obser vat i ons of  unst abl e sl opes dur i ng a l eng­

t hy per i od ( Yer l sh, I 972) .  Si noe 1930, l andsl i de 

st at i ons have been st ar t ed t o be or gani zed I n 

var i ous l andsl i de ar eas f or  compr ehensi ve of  

l ar ge- scal e l andsl i des i n t he USSR.  The Ku-  

chuk- Koy st at i on or gani zed on t he Sout her n 

coast  of  t he Cr i mea i n 1930 was t he f i r st  l and­

sl i de st at i on, pr obabl y not  onl y I n t hi s count ­

r y, but  t hr oughout  t he wor l d.  Thi s st at i on 

( whi ch i s now cal l ed t he Cr i mean st at i on)  has 

devel oped t he concept  f or  t he st at i onar y st u­

di es on r ef er enoe l andsl i de ar eas " Zol ot oy 

Pl i azh"  ( " pol den Beach" ) , " Pasbur l a" , " Zhukovka"  

whi ch have some f eat ur es t ypi cal  f or  a l ar ge 

gr oup of  l andsl i des. Si mi l ar  st at i onar y obser ­

vat i ons ar e car r i ed out  on numer ous l ar gescal e 

l andsl i des i n t hi s count r y ( Gi nzbur g, I 989) .

Met hods of  i nst r ument al  det er mi nat i on of  t he 

posi t i on of  a sl i di ng sur f ace and of  t he pr es­

sur e val ue of  t he sl i di ng soi l  masses ( l and­

sl i de pr essur e)  have been much l ess used yet .

Det er mi nat i on of  t he act ual  posi t i on of  t he 

sl i di ng sur f ace wi t hi n a l andsl i de sl ope has 

been r ecent l y per f or med by means of  an i ncl i ­

nomet er  desi gned by " Fundament pr oekt "  ( Bl eh-
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man, I 988; Gi nzbur g, 1989) :  t he i ncl i nomet er  i s 

per i odi cal l y l ower ed i nt o a dr i l l  hol e dr i ven 

t hr ough t he t hi ckness of  t he sl i di ng soi l s 

and cased by i ndi vi dual  pi pe l engt hs ( Fi g. l ) .  

Dat a ar e r egi st er ed per  each met er  of  i ncl i no­

met er  i mmer si on.

The concept  of  t he i ncl i nomet r i c met hod f ea­

t ur es per i odi c measur ement s of  t he def l ect i on 

angl es of  t he l ongi t udi nal  axi s of  each dr i l l  

hol e f r om t he ver t i cal  and pl ot t i ng of  t he ac­

t ual  conf i gur at i on of  a number  of  dr i l l  hol es 

i n r ange of  t he l andsl i de af t er  t he occur r ence 

of  sl i di ng di spl acement s.  The connect i on of  

t he l owest  poi nt s of  def or mat i on i n t he dr i l l  

hol es wi t h a cur ved l i ne enabl es t o det er mi ne 

t he shape of  t he sl i di ng sur f ace.

The measur i ng el ement  of  t he i ncl i nomet er  

compr i ses a pendul um suspended on bear i ngs,  

wi t h a f l exi bl e st eel  gi r der  t o whi ch t enso-  

r esi st or s ar e gl ued.  The measur i ng el ement  i s 

pl aced i nsi de a cyl i ndr i cal l y shaped met al l i c 

casi ng whi ch i s connect ed t o a spacer  ( Pi g. I ) .

The spacer  compr i si ng an upper  and l ower  

i dent i cal  cl ampi ng hi nged syst em ensur es t he 

ar r angement  of  t he measur i ng el ement  coaxi al ­

l y  t o i t s l ongi t udi nal  axi s.

Thus, t he axi s of  t he measur i ng el ement  i s 

made coi nci dent  wi t h t he axi s of  t he dr i l l  

hol e sect i on havi ng t he same angl e t o t he ver ­

t i cal  whi l e t he pendul um of  t he measur i ng el e­

ment  t akes t he ver t i cal  posi t i on.  As i t  does 

so, t he st eel  gi r der  bends t o a cer t ai n angl e 

whi ch i s r egi st er ed on t he sur f ace by a speci ­

al  devi oe t o whi ch a cabl e i s r un f r om t he r e­

si st i ve sensor s.

I nst r ument al  obser vat i one usi ng i ncl i nomet er s 

ar e somet i mes car r i ed out  on a l andsl i de dur i ng 

a pr ol onged per i od of  t i me.

To det er mi ne t he l andsl i de pr essur e act i ng on 

t he st r uct ur es ar ect ed on an unst abl e sl ope, a 

hydr aul i c sensor  of  cont act  pr essur es desi gned 

by t he Ki ev const r uct i on engi neer i ng i nst i t ut e 

i s used ( Boi ko, Nedr i a, 1987) .

The casi ng of  t he sensor  ( Pi g. 2)  i s embedded 

i nt o t he body of  t he st r uct ur e ( e. g.  ant i l and­

sl i de st r uct ur e or  suppor t  f l own ar ound by a 

l andsl i de) .  Sever al  such sensor s ar e usual l y 

ar r anged al ong t he f ul l  hei ght  of  t he st r uct u­

r e t o enabl e measur ement  of  t he pr essur e val ues 

at  var i ous l evel s of  t he l andsl i de t hi ckness.

Pi g. I .  I ncl i nomet er  wi t h spacer

The pr essur e and di schar ge oi l  condui t s pass 

t hr ough t he body of  t he st r uct ur e and ar e con­

nect ed t o t he sensor  casi ng by means of  coup­

l i ngs.  The opposi t e ends cf  t he oi l  condui t s 

open out war ds. The l andsl i de pr essur e of  t he mo­

vi ng.  aoi l  mass i s t r ansmi t t ed t o t he pl ane of  

t he di e whi ch, bei ng pr essed i nt o t he casi ng,  

cl oses t he openi ng i n t he pr essur e coupl i ng by 

means of  a bal l  val ve.  Measur ement s of  t he 

pr essur e ar e t aken per i odi cal l y. To do t hi s a 

pump i s connect ed t o t he out er  end of  t he pr es ­

sur e oi l  condui t  pr oduci ng pr essur e whi ch i s 

pr eci sel y cont r ol l ed by a pr essur e gauge.

At  t he moment  when t he bal l  val ve i s f or ci bl y 

opened by t hi s pr essur e ( hence, t he pr essur e i s 

el i mi nat ed by means of  t he di schar ge oi l  con­

dui t ) ,  an equi l i br i um of  f or ces caused by  t he 

pump pr essur e and t he l andsl i de pr essur e wi l l
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Pi g. 2.  Di agr ammat i c vi ew of  t he cont act  

pr essur e sensor :  I - casi ng; 2- di e; 3- gl and;  

4- pr essur e coupl i ng; 5- pr essur e oi l  condui t ;  

6- di schar ge oi l  condui t ; 7- di schar ge coupl i ng;  

8- bal l  val ve; 9- pr essur e del i ver y f r om pump;  

10- oi l  di schar ge t o pump; I I - st op scr ew

be achi eved. Knowi ng t he r at i o of  t he sur f aces 

of  t he di e and t he bal l  val ve i t  i e easy t o de­

t er mi ne t he act ual  val ue of  t he l andsl i de pr es­

sur e.

Such cont act  pr essur e sensor s ar e at  pr esent  

i nst al l ed, f or  i nst ance, on t he suppor t s f l own 

ar ound by a l andsl i de, whi ch wer e er ect ed f or  a 

wat er  mai n ar r anged on a l andsl i de sl ope i n t he 

vi ci ni t y of  Cher novt sy ( a t own i n t he Wes t Bm 

Ukr ai ne) . Measur ement s of  pr essur es ar e t aken 

r egul ar l y, wi t h a hi gher  f r equency dur i ng t he 

per i ods of  t he l andsl i de act i vat i on.

A pr ocess f or  checki ng t he ef f ect i veness of  

t he cont r ol  measur es by acoust i c emi ssi on me­

t hod has been devel oped r ecent l y ( Mur avi n, Si -  

gal ovsky, Er mi nson, 1985) . The pr ocess i s based on 

t he f act  t hat  i n most  cases sound emi ssi on pr e-

oedes br eakdown as a war ni ng of  t he appr oachi ng 

di sast er .  The met hod of  acoust i c emi ssi on ena­

bl es t o anal yse t he st at e of  mat er i al s and 

st r uct ur es usi ng dat a concer ni ng emi ssi on of  

sound and hyper sound under  l oad.  I n or der  t o 

cont r ol  t he sl i di ng di spl acement s, an appar at us 

was devel oped i n whi ch a pi ezot r ansducer  i s ar ­

r anged on t he obj ect  t o be t est ed f or  sensi ng 

i t s mechani cal  osci l l at i ons and t r ansf or mi ng 

t hem i nt o el ect r i cal  si gnal s.  For  i nst ance, on 

one of  t he sl opes i n t he Cr i mea, t he emi ssi on 

was r egi st er ed when a pi ezot r ansducer  was 

pl aced on t he r ei nf or cement  el ement s of  t he 

deepl y embedded f er r oconcet e pi l es used t o st a­

bi l i ze t he l andsl i de.  When t he concr et e was de­

f or med by t he movi ng mass, si gnal s of  acoust i o 

emi ssi on wer e gener at ed i n i t  whi ch had a much 

gr eat er  ampl i t ude and power  t han t he si gnal s i n 

soi l .  The devel opment  of  t he acoust i c emi ssi on 

met hod i s oont i nued i n or der  t o pr ovi de f or  

an ef f i ci ent  cont r ol  of  st abi l i zi ng measur es 

and t o r eveal  t he zones of  i nt ensi ve def or ma­
t i on pr ocesses.

I t  shoul d be not ed t hat  some aspect s of  i nst ­

r ument al  obser vat i on of  l andsl i des st i l l  r e­

qui r e f ur t her  devel opment . For  i nst ance, met hods 

of  comput er - ai ded i nt er pr et at i on of  aer i al  pho­

t ogr aphy have not  yet  been adequat el y f i nal i zed 

t o ensur e i nt egr at ed qual i f i ed anal ysi s of  each 

sl ope. Met hods of  det er mi ni ng t he posi t i on and 

conf i gur at i on of  t he l andsl i de sl i ppage sur ­

f ace dur i ng engi neer i ng and geol ogi cal  sur vey 

ar e al so f ar  f r om i deal . Act ual l y, t her e ar e no 

r el i abl e met hods f or  t he det er mi nat i on of  gr o­

und pr essur e wi t hi n a f r eel y st andi ng l andsl i ­

de sl ope.  Met hods of  i ndi cat i ng mi nor  gr ound 

di spl acement s ar e i nadequat el y ef f ect i ve when 

a l andsl i de Just  st ar t s movi ng.

Obvi ousl y, uni f i cat i on of  ef f or t s of  sci en­

t i st s i n var i ous count r i es i s r equi r ed i n or der  

t o i mpr ove met hods of  i nst r ument al  obser vat i on 

of  l andsl i des.
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D isc u s s io n  

D O M E N IC O  B R U Z Z I,  IS M E S , B e rg a m o , Ita ly

I NTRODUCTI ON
On Jul y 28,  1987,  f ol l owi ng sever e f l oodi ng,  
appr oxi mat el y 35 mi l l i on cubi c met er  of  r ock br oke away 
f r om Mount  Zandi l a and aval anched i nt o Val t el l i na,  
dest r oyi ng t wo vi l l ages and dammi ng t he Adda Ri ver ,  
f or mi ng a basi n of  about  26 mi l l i on cubi c met er  
i mmedi at el y upst r eam of  an ar ea wi t h 80, 000 i nhabi t ant s.

I n vi ew of  t he danger  posed by t he l andsl i de dam and 
t he st i l l  unst abl e sl opes of  Mount  Zandi l a,  a moni t or i ng 
and war ni ng syst em was i nst al l ed at  t he si t e.

Thi s pr esent at i on summar i zes t he t echni cal  and 
managi ng exper i ence gai ned by I SMES i n t he I nst al l at i on 
and management  of  t he moni t or i ng and war ni ng syst em 
whi ch was i nst al l ed dur i ng t he emer gency under  di f f i cul t  
envi r onment al  condi t i ons.
I mmedi at el y af t er  t he di sast er ,  t he Depar t ment  of  Ci vi l  
Def ense deci ded t o i nst al l  a r eal - t i me moni t or i ng and 
war ni ng syst em t o cope wi t h t he emer gency condi t i ons.  
I SMES was appoi nt ed by t he Depar t ment  t o desi gn,  
i nst al l  and manage t hi s syst em.

I t  was i mmedi at el y cl ear  t hat  t he ur gency and t he 
gener al  condi t i ons di d not  al l ow a cl assi c appr oach i n 
t he desi gn and r eal i zat i on of  t he moni t or i ng syst em:  
pr el i mi nar y st udi es and subsequent  desi gn and 
i nst al l at i on of  t he i nst r ument at i on.

The emer gency si t uat i on r equi r ed I n par t i cul ar :  
a syst em abl e t o pr ovi de i nf or mat i on about  possi bl e 
f ur t her  sl i de movement s and r ock f al l s i n t he ar ea 
wher e r emedi al  wor ks wer e i n execut i on i n or der  t o 
ensur e t he saf et y of  peopl e i nvol ved i n t he wor ks;  
a syst em f or  moni t or i ng seepage of  t he i mpounded l ake 
wat er  t hr ough t he debr i s mat er i al  wi t h consequent  
possi bl e f ai l ur e of  t he dam and cat ast r ophi c f l oodi ng 
i n t he val l ey.

Mor eover ,  t he sever e envi r onment al  condi t i ons at  t he 
si t e r equi r ed t hat  consi der abl e at t ent i on woul d be gi ven 
t o t he oper at i ve aspect s of  t he syst em t o ensur e Chat  
si gni f i cant  and r el i abl e r esul t s wer e obt ai ned.

The pr i nci pal  envi r onment al  condi t i ons t o be 
consi der ed wer e:

The el evat i on of  t he t op par t  of  t he Val  Pol a sl i de 
was 2300 m a. s. l .  Thi s r esul t ed i n pr obl ems because 
of  sever e and changi ng cl i mat i c condi t i ons and made 
access t o t he ent i r e sl i di ng ar ea di f f i cul t  si nce i t  
was necessar y t o use hel i copt er s t o move peopl e and 
equi pment .  Thi s l i mi t ed t he choi ce of  usabl e

equi pment  and t he cost  of  t he act i vi t i es I ncr eased 
ver y much.
The pr esence of  many l ar ge and unst abl e r ock bl ocks 
i n t he debr i s mat er i al  f or mi ng t he dam whi ch of t en 
cr eat ed maj or  pr obl ems dur i ng dr i l l i ng oper at i ons and 
i nst r ument s i nst al l at i on.
The l ar ge r at e of  l ocal  movement  of  exi st i ng sl opes 
i n speci f i c ar eas ( Val  Tor r eggl o)  whi ch damaged 
dr i l l i ng equi pment  and down- hol e i nst r ument at i on a 
shor t  t i me af t er  i nst al l at i on;
The ext ensi on of  t he t ot al  ar ea t o be moni t or ed ( i n 
pr act i ce al l  of  t he Val t el l i na) ,  and t he l ar ge

var i et y of  pr obl ems and l ocal  condi t i ons i n t he 
val l ey ( r ock aval anches,  soi l  sl i di ng,  bl ock 
movement s,  r i ver  dammi ng,  f l oodi ng,  et c. ) .  whi ch had 
t o be consi der ed as a whol e and not  as si ngl e,  
I sol at ed pr obl ems t o ensur e t he saf et y of  t he ent i r e 
val l ey.

Anot her  aspect  whi ch must  be poi nt ed out  i s t hat  t he 
pr oj ect  was st ar t ed usi ng mai nl y i n house equi pment  and 
sensor s.  Al l  t hese aspect s cr eat ed a si t uat i on whi ch 
r equi r ed t hat  t he desi gn of  t he moni t or i ng syst em had t o 
be car r i ed out  dur i ng t he execut i on of  t he pr oj ect ;  when 
pr obl ems ar ose sol ut i ons had t o be f ound.  I n t hi s way i t  
was possi bl e,  based on t he exper i ence gai ned f r om t he 
Val  Pol a sl i de,  t o appr oach ot her  sl i des or  danger ous 
ar eas i n a mor e and mor e speci f i c and or gani c way,  
t her eby l i mi t i ng t he uncer t ai nt i es and enabl i ng t he 
r i ght  i nst r ument s t o be sel ect ed t o guar ant ee a r el i abl e 
war ni ng syst em.

The descr i bed appr oach and t he di f f i cul t  wor ki ng 
condi t i ons dur i ng t he emer gency phase,  have of  cour se 
af f ect ed t he cost  of  t he syst em whi ch has been much 
hi gher  t han i t  woul d have been I nst al l ed i n nor mal  
condi t i ons.

The cost  of  t he syst em was appr oxi mat el y Li t .  
25. 000. 000. 000 ( US$ 18, 000. 000) .  Thi s i ncl udes:

i nst al l at i on of  t hr ee ml cr osei sml c net wor ks 
compr i si ng 63 sensor s,  r adi o connect i on and dat a 
acqui si t i on and pr ocessi ng cent er s;
execut i on of  about  4000 m of  bor ehol es f or  down- hol e 
i nst r ument  i nst al l at i on and geot echni cal  st udi es;  
i nst al l at i on of  t he f ol l owi ng i nst r ument at i on:  

i ncl l nomet r l c casi ng:  1300 m 
f i xed i ncl i nomet er s:  50 bi axi al  sensor s 
pi ezomet er s wi t h aut omat i c r eadi ng: nr .  76 at  an 
aver age dept h of  30 m 
TRI VEC® casi ng:  306 m 
set t l ement  gauge:  nr .  15 at  40 m
r ock ext ensomet er : nr .  5 wi t h t hr ee bases at  40-  
60- 80 m
sur f ace wi r e and r od ext ensomet er s: nr .  I l l  
monument s:  nr .  55 
met eor ol ogi cal  st at i ons:  nr .  5

hydr omet r i c st at i ons:  nr .  9 
connect i on cabl e:  over  30. 000 m 
dat a t r ansmi ssi on uni t  ( vi a r adi o) :  nr .  32 
dat a acqui si t i on and pr ocessi ng cent er :  nr .  2;  

mal nt ai nance of  t he syst em f r om t he begi nni ng ( August  
1987)  t o t he end of  1988;
management  of  t he syst em f r om t he begi nni ng t o t he
end of  1988.

MONI TORI NG NETWORK
As ment i oned ear l i er ,  t he I nst al l at i on of  t he 
i nst r ument at i on st ar t ed Just  a f ew days af t er  t he Val  
Pol a l andsl i de occur ed.

The f i r st  I nst r ument s I nst al l ed wer e si x ml cr osei sml c 
st at i ons al ong t he bor der  of  t he Val  Pol a l andsl i de.  
Thei r  f unct i on was t o moni t or  t he ener gy r el ease f r om 
t he sl i de ar ea and t o pr ovi de an al ar m f or  peopl e 
wor ki ng bel ow and gi ve Aut hor i t i es i nf or mat i on on 
possi bl e f ur t her  sl i des i n or der  t o evacuat e t he peopl e 
l i vi ng downst r eam.
At  t he t op of  t he sl i de,  whi ch was t he most  unst abl e and 
danger ous par t ,  a ser i es of  sur f ace wi r e ext ensomet er s 
was i nst al l ed i n or der  t o moni t or  t he movement  of  an 
ar ea t hat  r epr esent ed a vol ume of  some mi l l i on cubi c 
met er  of  mat er i al ,  di r ect l y over  t he l ake,  and t hus 
const i t ut ed a ser i ous pr obl em f or  t he saf et y of  t he 
ar ea.

I n t he meant i me t he geot echni cal  i nvest i gat i on pr ogr am 
st ar t ed and bor ehol es wer e made bot h i n t he l ake dam 
and al ong t he sl i de bor der  i n or der  t o I nst al l  
pi ezomet er s , t o moni t or  seepage t hr ough t he dam;  
I ncl i nomet er s f or  hor i zont al  movement s;  and 
ext ensomet er s,  f or  ver t i cal  movement s.
Si mul t aneousl y wi t h t he i nst al l at i on of  i nst r ument s,  t he
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f i r st  dat a acqui si t i on cent er  was est abl i shed.  I t s mai n 
pur pose vas t o col l ect  and pr ocess dat a f r om t he 
i nst r ument s and t r ansmi t  t he i nf or mat i on t o t he 
Aut hor i t i es.

geot echni cal ,  geophi sl cal ,  hydr ogeol ogi cal
i nst r ument at i on I nst al l ed on t he sl i di ng ar eas;  
r emot e uni t s f or  col l ect i ng i nst r ument al  dat a and 
t r ansmi t  t hem,  vi a r adi o, t o t he dat a acqui si t i on 
cent er ;
el ect r i cal  cabl es t o connect  i nst r ument s t o t he 
r emot e uni t s;
dat a acqui si t i on and pr ocessi ng dat a.

Af t er  i nst al l at i on of  al l  t he equi pment  coul d st ar t  
t he mai nt ai nance and management  phase.

The management  phase I ncl uded per i odi c or  on r equest  
check of  al l  or  par t  of  t he i nst r ument s,  cr eat i on of  
scenar i os,  set  up of  dat a bank i n conj unct i on wi t h I SMES 
mai n f aci l i t i es i n Ber gamo and t r ai ni ng of  l ocal  
t echni ci ans f or  syst em mai nt ai nance.

GAI NED EXPERI ENCE

The desi gn,  i nst al l at i on and management  of  t he 
moni t or i ng and war ni ng syst em f or  hydr ogeol ogi cal  r i sk 
i n Val t el l l na,  gave I SNES t he oppor t uni t y t o obt ai n 
consi der abl e exper i ence i n t he use of  geot echni cal  and 
geophysi cal  i nst r ument at i on under  sever e envi r onment al  
condi t i ons and when r i sk had t o be assessed and al ar ms 
gi ven.

The mai n l essons t hat  I SMES l ear ned f r om t hi s 
exper i ence,  f r om t he i nst r ument at i on poi nt  of  vi ew,  ar e 
r el at ed t o t he f ol l owi ng poi nt s:  

per f or mance of  t he i nst r ument s;  
dat a t r ansmi ssi on and acqui si t i on;  
i nt er pr et at i on of  t he i nst r ument at i on dat a.

The sever e oper at i ng condi t i ons and t he l ar ge var i et y 
of  pr obl ems appr oached subj ect ed t he i nst r ument s t o t he 
l i mi t  of  t hei r  per f or mance i n many l st ances.  
Consequent l y,  i t  i s possi bl e t o expr ess some Judgement  
and gener al  comment s on t he per f or mance of  t he di f f er ent  
sensor s used.

Measur ement  of  t he hor i zont al  di spl acement

I n t he Val t el l l na syst em deep hor i zont al  movement s have 
been measur ed by means of  i ncl i nomet r i c casi ng and 
manual  r eadi ngs wi t h a bor ehol e i ncl i nomet r i c pr obe,  or  
aut omat i cal l y by means of  f i xed i ncl i nomet r i c pr obes.  
Sur f ace di spl acement s have been moni t or ed by wi r e 
ext ensomet er  and geodet i c i nst r ument s.

Pr obl ems t hat  ar ose wi t h t he use of  i ncl i nomet er s and 
i ncl i nomet r i c casi ngs.

The manual  r eadi ng t aken wi t h nor mal  or  speci al  
( TRI VEC* )  pr obes can onl y be made dur i ng t he summer  
and par t  of  spr i ng and aut umn season,  due t o t he 
pr esence of  snow or  sever e met eor ol ogi cal  condi t i ons.  
They ar e used,  t her ef or e,  pr i mar i l y as a back up f or  
checki ng t he dat a obt ai ned f r om t he aut omat i c 
sensor s.  Obvi ousl y t hey coul d not  be used as a r eal *  
t i me war ni ng syst em.
Wi t h t he use of  f i xed i ncl i nomet r i c pr obes,  i t  i s 
necessar y t o know wher e t o I nst al l  t hem i n or der  t o 
obt ai n si gni f i cant  r esul t s.  Thi s was not  possi bl e 
onl y f or  al l  t he casi ng si nce t her e was not  t i me t o 
per f or m a suf f i ci ent  number  of  manual  sur veys bef or e 
I nst al l i ng t hem.  Thus i t  t ur ned out  t hat  many pr obes 
gave ver y smal l  or  no i ndi cat i on of  movement s when 
r eal  movement s - det ect ed by ot her  syst ems 
occur r ed.

Anot her  i mpor t ant  poi nt  r egar di ng f i xed I ncl l nomt er s 
i s r el at ed t o t he r at e of  sl i de movement  and dept h of  
i nst al l at i on.

I n t he Val t el l l na syst em t wo di f f er ent  si t uat i ons 
wher e pr esent :

t he f i r st  one I nvol ved moni t or i ng r ock movement s and 
t her ef or e had t o deal  wi t h ver y smal l  movement s;  
t he second one I nvol ved ear t h sl i des of t en on ver y 
st eep sl opes,  i mpl yi ng l ar ge r at e of  movement s and 
possi bl y set t l ement  or ,  i n gener al ,  ver t i cal  
movement s I n addi t i on t o hor i zont al  di spl acement s.

I n bot h cases i t  was qui t e di f f i cul t  t o get  r el i abl e 
measur ement s:  I n t he f i r st  one because t he gl obal  
uncer t ai nt y of  t he measur ement  coul d be of  t he same 
or der  of  magni t ude as t he act ual  movement s;  i n t he 
second case because t he casi ng coul d be damaged due t o 
combi ned l ar ge hor i zont al  and ver t i cal  movement s.

Bot h ser vol ncl l nomet er s and pendul um pot ent l omet r i c 
i ncl i nomet er s have been used on si t e,  but  t he r esul t s 
have not  been si gni f i cant l y di f f er ent .

For  al l  t hese r easons t he exper i ence gai ned i n 
Val t el l l na r egar di ng i ncl i nomet r i c casi ngs i s t hat ,  even 
i f  t hey ar e t he most  power f ul  i nst r ument s f or  moni t or i ng 
hor i zont al  di spl acement s and t he posi t i on of  t he sl i di ng 
sur f ace,  i n some appl i cat i on t hey may not  be r el i abl e 
enough,  even i f  t he most  accur at e t ype of  sensor s ar e 
used.  Ther ef or e car e must  be t aken t o act i vat e al ar m or  
war ni ng devi ces f r om ot her  dat a.

The sur f ace wi r e or  r od ext ensomet er s have been used 
t o det ect  and moni t or i ng cr acks openi ng mai nl y al ong t he 
sl i de bor der s.  The f i r st  t ype of  ext ensomet er  consi st s 
of  a st eel  or  i nvar  wi r e,  t ensl oned bet ween t wo 
r ef er ence poi nt s by means of  a const ant  t ensi on devi ce 
( count er wei ght )  and a r ot ar y pot ent i omet er  whi ch det ect s 
t he r ot at i on of  a pul l ey on whi ch t he wi r e I s t ur ned,  
caused by t he change i n t he di st ance bet ween t he t wo 
r ef er ence poi nt s.

The second t ype consi st s of  an i nvar  r od hi nged on a 
f i xed suppor t  and connect ed t o anot her  suppor t ,  wi t h t he 
possi bi l i t y of  movement .  The t hr ee component s of  
movement  ar e measur ed by means of  t wo r ot ar y and one 
l i near  pot ent i omet er s.

The ext ensomet er s have pr obabl y been t he most  power f ul  
and usef ul  i nst r ument s i n t he syst em,  gi vi ng r el i abl e 
and suf f i ci ent l y accur at e measur ement s of  sur f ace 
movement s.

The wi r e t ype ext ensomet er s have subsequent l y been 
modi f i ed and i mpr oved on t he basi s of  t he r esul t s and 
suggest i ons der i ved f or m t he pr evi ous i nst al l at i ons.

The i nvar  wi r e,  due t o i t s sof t ness and di f f i cul t y i n 
handl i ng ( i t  was ver y easi l y damaged dur i ng 
i nst al l at i on)  was r epl aced i n subsequent  i nst r ument s 
wi t h a st ai nl ess st eel  st r and whi ch i s st r onger ,  mor e 
f l exi bl e and l ess subj ect  t o damage.  Of  cour se t he 
t her mal  expansi on coef f i ci ent  was gr eat er  t han t he i nvar  
wi r e,  but  i t  was accept ed consi der i ng t he or der  of  
magni t ude of  t he measur ed def or mat i ons and t he aver age 
wi r e l engt h.

The maj or  pr obl em wi t h t hi s t ype of  i nst r ument s was 
t he need t o pr ot ect  t he wi r e f r om acci dent al  hi t s,  
ani mal s,  snow,  wi nd and i ce.  Al l  t hese causes coul d 
af f ect  t he measur ement s i n l ar ge way.  A sol ut i on was 
f ound by i nst al l i ng t he i nst r ument s under  t he gr ound 
l evel  and pr ot ect i ng t he wi r e wi t h seml cyl l ndr l cal  
met al l i c shel l s.

As ment i oned,  t hi s t ype of  i nst r ument  has been one of  
t he most  usef ul  i nst r ument s f or  moni t or i ng t he 
Val t el l l na sl i des.  I t  has gi ven ver y good r esul t s wi t h 
an over al l  accur acy of  appr oxi mat el y 0. 5 mm and t he 
al ar m si gnal s based on t he dat a has been r el i abl e and 
r eal i st i c.  Mor eover ,  t he col l ect ed dat a have been ver y 
easy t o manage and i nt er pr et e,  f or  exampl e,  compar ed t o 
t he i ncl i nomet r i c dat a.  Li kewi se,  er r or s wer e easi l y 
i dent i f i ed and cor r ect ed.  Thi s was I mpor t ant  
par t i cul ar l y dur i ng t he emer gency phase when exper i ence 
was l i mi t ed and i t  was necessar y t o deal  wi t h si mpl e and 
r el i abl e dat a.

Movement s det er mi ned f r om geodet i c i nst r ument s have 
been used wi del y i n t he i ni t i al  st udy of  t he over al l  
movement s of  t he sl i de si nce no ot her  I nst r ument s f or  
movement  det ect i on coul d be I nt al l ed dur i ng t he f i r st
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phase of  Che emer gency. Bot h angul ar  and di st ance 
measur i ng equi pment  have been used.  They have gi ven good 
r esul t s mai nl y f or  checki ng r el at i ve di spl acement s 
moni t or ed by t he i ncl i nomet er s and ext ensomet er s.

Two maj or  pr obl ems wer e encount er ed wi t h t hi s t ype of  
measur ement .

I t  i s of t en di f f i cul t  t o f i nd sui t abl e f i xed 
r ef er ence poi nt s,  i n par t i cul ar  when t he movement s ar e 
not  ver y l ar ge. I n or der  t o t o i mpr ove on t he accur acy 
of  t he measur ement s,  obser vat i ons can be t aken f r om many 
di f f er ent  mast er  st at i ons,  but  t hi s i ncr eases t he 
r eadi ng t i me and t he cost s;

t he i mpossi bi l i t y t o aut omat e t he measur ement s dur i ng 
t he emer gency phase al t hough some manuf act ur es pr oposed 
aut omat i c syst ems capabl e of  measur i ng,  wi t h t he 
r equest ed f r equency,  t he posi t i on ( angul ar  and di st ance)  
of  a l ar ge number  of  poi nt s.  However ,  si nce t hey wer e 
st i l l  I n a devel opi ng and t est i ng phase,  t hey wer e not  
used because of  t he uncer t ai n r el i abi l i t y of  t he 
syst er ns.

I t  wi l l  be of  gr eat  i nt er est  and ver y usef ul  I ndeed t o 
have t he possi bi l i t y of  usi ng I nst r ument s of  t hi s ki nd 
I n f ut ur e moni t or i ng pr ogr ams.  Si nce t he opt i cal  sur veys 
have a good accur acy,  t hey ar e at  t he moment  t he onl y 
r el i abl e met hod f or  a gl obal  sur vey of  a l ar ge ar ea.

Measur ement  of  t he ver t i cal  di spl acement

Thi s t ype of  measur ement  i s not  ver y common i n l andsl i de 
moni t or i ng,  but  I n t he Val t el l l na case ver t i cal  

di spl acement s wer e moni t or ed t o det er mi ne t he set t l ement  
of  t he debr i s mat er i al  t hat  cr eat ed t he l ake I n t he 
val l ey and t o st udy l ar ge unst abl e r ock masses I n t he 
sl i de ar ea.

Two t ypes of  i nst r ument s have been used f or  moni t or i ng 
ver t i cal  movement s:

si ngl e poi nt  r od set t l ement  gauges ( wi t h el ect r i c 
di spl acement  t r ansducer ) ;

- TRI VEC*  ext ensoi ncl i nomet er .
The f i r st  one consi st ed of  an i nvar  r od anchor ed at  

t he bot t om of  a bor ehol e,  i n a posi t i on wher e no 
movement s ar e espect ed,  cr eat i ng a r ef er ence poi nt  f or  
measur i ng ver t i cal  movement  at  t he sur f ace.

Lar ge pr obl ems coul d ar i se f r om hor i zont al  bl ock 
movement  whi ch damages t he r ef er ence r ods.  Thus,  t he 
r el i abi l i t y of  t he syst em over  a l ong per i od of  t i me I s 
not  ver y hi gh.

Good r esul t s and hi gh r el i abi l i t y have been obt ai ned 
by t he TRI VEC*  measur ement s.  TRI VEC*  i s a wel l  known 
I nst r ument  f or  measur ement s i n r ock and enabl es 
measur ement s wi t h gr eat  accur acy of  bot h hor i zont al  
movement s and ver t i cal  st r ai ns.  Thr ee TRI VEC*  casi ngs 
wer e i nst al l ed:  one I n t he Val  Pol a ar ea and t wo i n 
Campo Fr anscl a.

They have gi ven good r esul t s but ,  as poi nt ed out  f or  
t he manual  sur vey of  i ncl l nomet r l c casi ngs,  i t  i s 
necessar y t o move oper at or s and equi pment  I n di f f i cul t  
ar eas ( many t i mes by hel l copt her )  and measur ement  can 
onl y be t aken when weat her  condi t i ons ar e good.

Por e wat er  pr essur e measur ement
Thi s i s anot her  t ypi cal  and I mpor t ant  measur ement  i n 
st abi l i t y anal ysi s and hydr ogeol ogi cal  pr obel ms.

I n t he Val t el l l na syst em por e pr essur e measur ement s 
have been used t o det er mi ne t he wat er  t abl e l evel  i n t he 
debr i s mat er i al ,  t o moni t or  t he seepage,  and i n t he Val  
Pol a,  Val  Tor r eggl o and Lanzada ar eas t o ascer t ai n t he 
i nf l uence of  por e pr essur e on t he sl i de st abi l i t y.

Fr om t he begi nni ng i t  was deci ded t o I nst al l  onl y open 
pi ezomet er s and t o aut omat e t hese by means of  a pr essur e 
t r ansducer  i nst al l ed I nsi de t he measur i ng t ube.

Thi s deci si on was based on geot echni cal  aspect s such 
as t he st r at i gr aphy and t he per meabi l i t y of  t he 
mat er i al s,  t he mechani sm of  f ai l ur e f or  t he maj or  
sl i des,  and f r om t he i nst r ument at i on poi nt  of  vi ew,  t he

possi bi l i t y of  r epl aci ng damaged el ect r i c i nst r ument s or  
maki ng manual  checks.

The open st andpi pe and Casagr ande pi ezomet er s wer e 
equi pped wi t h st r ai n gauge t ype pr essur e t r ansducer s 
pr ovi di ng an over al l  accur acy i n t he wat er  l evel  
measur ement  of  6+10 cm.  Thi s accur acy was suf f i ci ent  f or  
t he hydr ogeol ogi cal  model s used t o anal yze t he dat a.

These I nst r ument s have wor ked sat i sf act or i l y and t he 
dat a have successf ul l y used f or  bot h st abi l i t y and 
hydr ogel ogl cal  st udi es I n connect i on wi ch 
hydr omet eor ol ogi cal  dat a such as r ai n f al l  and f l ow i n 
t he mai n r i ver s.

A pr obl em ar i sen wi t h t hi s t ype of  pi ezomet er  was 
r el at ed t o t he weakness of  t he pl ezomet r l c t ubes whi ch 
wer e easi l y dest r oyed by t he sl i de movement s.  Bot h 
pl ast i c and met al l i c t ubes have been used,  but  t he 
r esul t s have been not  sat i sf act or y due t o t he hi gh 
movement  r at e of  t he gr ound.

Consi der i ng t hi s,  t her e i s a need f or  a speci al  t ype 
of  pi ezomet er ,  open t ube t ype,  abl e t o wi t hst and l ar ge 
soi l  movement  wi t hout  be dest r oyed or  obst r uct ed.  Thi s 
coul d pr obabl y be obt ai ned by usi ng f l exi bl e t ubes,  
havi ng at  t he same t i me l ar ge r esi st ance t o l ocal  shear  
f or ces.

Ml cr osel sml c Net wor k

As poi nt ed out  ear l i er ,  t he ml cr osel sml c i nst r ument at i on 
was I nst al l ed I mmedi at el y af t er  t he Val  Pol a sl i de 
occur ed.  I n 15 days t he f i r st  6 I nst r ument s st ar t ed 
sendi ng si gnal s of  t he r ock noi se or  acoust i c emi ssi ons 
r el at ed t o sl i de act i vi t y and on f al l i ng bl ocks i n t he 
sl i de ar ea.

I t  has been a ver y power f ul  t ool  I n moni t or i ng t he 
whol e sl i de ar ea par t i cul ar l y I n t he emer gency phase 
and,  af t er war d,  when mor e i nst r ument s wer e i nst al l ed,  
bot h on t he sur f ace and down- hol e.  The measur ed dat a 
pr ovi ded a basi s f or  deeper  st udy of  t he sl i de behavi our  
and evol ut i on.  I n many cases mi nor  sl i des or  l ar ge 
bl ocks f al l s coul d be pr edi ct ed.  Mor eover ,  usi ng 
sophi st i cat ed anal ysi s t echni ques,  i t  was possi bl e t o 
cal cul at e - on l i ne - t he posi t i on of  t he acoust i c 
emi ssi on and t her ef or e t o est abl i sh i f  i t  i nt er est ed t he 
sl i de ar ea and t her eby war n of  possi bl e movement  and 
danger ,  or  ot her  ar eas.

The gr eat est  pr obl em,  however ,  was i n t he 
i nt er pr et at i on of  t he dat a.  I t  was ext r emel y di f f i cul t  
t o anal yze t he si gnal s i n or der  t o sel ect  t r ue r ock 
noi se,  acoust i c emi ssi on and r ock f al l s f r om er r oneous 
si gnal s f r om hel i copt er s,  dr i l l i ng oper at i ons and f r om 
ear t hmovl ng equi pment ,  et c.

The pr obl ems r el at ed t o si gnal  anal ysi s became mor e 
cr i t i cal  f or  t he net wor k i nst al l ed i n Val  Tor r eggl o,  
wher e t he sl i de occur r ed i n soi l .  I n t hi s case i t  was 
mor e di f f i cul t  t o separ at e sl i de si gnal s f r om noi se or  
er r oneous si gnal s.  Consequent l y,  at  t hi s si t e t he 
ml cr osel sml c net wor k gave l ess r el i abl e i nf or mat i on.

Consi der i ng t hi s pr obl em and t he gener al  exper i ence 
gai ned i n Val t el l l na,  i t  can be st at ed t hat  t he 
ml cr osel sml c net wor k I s a ver y usef ul  t ool  f or  emer gency 
phases and f or  gl obal  moni t or i ng of  a sl i de,  gi vi ng 
i nf or mat i on on t he gener al  behavi our  and enabl i ng a 
cor r el at i on of  punct ual  measur ement s f r om geot echni cal  
i nst r ument s under  speci f i c condi t i ons or  dur i ng speci al  
event s.  Pr obl ems ar i se when t he sl i de occur s i n soi l  and 
not  I n t he bed r ock.  I t  i s a hel pf ul  t ool  f or  anal yzi ng 
t he gener al  condi t i on of  st abi l i t y and f or  pr edi ct i ng 
f ut ur e movement s.  However ,  gr eat  car e and ext ensi ve 
exper i ence ar e r equi r ed when t r yi ng t o obt ai n 
quant i t at i ve i nf or mat i on f r om t he obser ved dat a.

Met eor ol ogi cal  measur ement

Met eor ol ogi cal  measur ement s ar e needed t o cor r ect l y
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i nt er pr et  measur ement s and f or  maki ng cor r el at i ons 
bet ween sl i de movement  and ext er nal  causes ( i . e.  r ai n 
f al l ,  snow mel t i ng,  et c. ) .

The f ol l owi ng st andar d t ype of  met eor ol ogi cal  
i nst r ument at i on have been used:  

r ai n gauge 
snov gauge

- wi nd di r ect i on and vel oci t y gauge 
at mospher i c pr essur e 
t emper at ur e 
humi di t y.

The sensor s have been i nst al l ed i nsi de st andar d 
met eor ol oci al  encl osur es.

These measur ement s have not  pr esent ed any si gni f i cant  
pr obl ems except  f or  t he snow hei ght  gauge.  The 
ul t r asoni c t ype i nst r ument  t hat  was used can be 
adver sel y af f ect ed by hi gh humi di t y or  f og i n t he ai r  
and change i n t emper at ur e.

Radi o t el emet r y

The r emot eness of  t he moni t or ed ar eas and t he 
unr el i abi l i t y of  usi ng ver y l ong cabl e r uns I n ar eas 
subj ect ed t o l ar ge movement s and cont i nuous r ock f al l  
l ed t o t he use of  a r adi o t el emet r y syst em.  Cabl es wer e 
used onl y t o connect i ng I nst r ument s t o l ocal  Remot e 
Radi o Tr ansmi ssi on Uni t s.  I t  pr oved i mmedi at el y appar ent  
t hat  t hi s sol ut i on was qui t e adequat e f or  t he pr evai l i ng 
envi r onment al  condi t i ons.  UHF di gi t al  r adi o equi pment  
has been used.

The r el i abi l i t y of  t he t el emet r y syst em has been ver y 
hi gh and no l ar ge mai nt ai nance has been r equi r ed.

I n or der  t o r educe power  consumpt i on,  each r adi o uni t ,  
whi ch can accept  and t r ansmi t  dat a f r om a maxi mum of  15 
i nst r ument s,  i s set  t o be i n a st and- by mode unt i l  a 
r equest  f or  dat a i s r ecei ved f r om t he dat a acqui si t i on 
cent er .  When a r equest  i s r ecei ved t he uni t  I s act i vat ed 
and dat a ar e sent .

The Val t el l i na syst em has been t he l ar gest  
appl i cat i on of  t he dat a r adi o t r ansmi ssi on f or  l andsl i de 
moni t or i ng I n I t al y.  The r esul t s have been ver y good and 
t he exper i ence was so posi t i ve t hat  i t  has become t he 
I SMES st andar d t ype of  dat a t r ansmi ssi on f or  moni t or i ng 
l andsl i des,  or  i n gener al  f or  moni t or i ng I nst r ument s 
di st r i but ed over  a l ar ge geogr aphi cal  ar ea.

Exper i ence at  Val t el l i na poi nt ed out  t wo maj or  
pr obl ems r el at ed t o r adi o t r ansmi ssi on:

The r emot e uni t s shoul d have t he possi bi l i t y t o st or e 
measur ement s i n an I nt er nal  memor y and t r ansmi t  dat a 
t o t he cent er  on I t s r equest .  Thi s I ncr eases t he 
r el i abi l i t y of  t he syst em.  I n case of  a f ai l ur e or  
pr obl ems wi t h t he t r ansmi ssi on l i ne,  no l oss of  dat a 
wi l l  occur  because measur ement s ar e I ndependent l y 
made and st or ed and ar e avai l abl e when t he 
t r ansmi ssi on l i ne i s r epai r ed.
Thi s sol ut i on was st udi ed and an appr opr i at e dat a 
l ogger  and r adi o uni t  has been devel oped and i s now 
wi del y used i n ot her  appl i cat i ons.
Ther e i s a need f or  equi pment  t hat  has a ver y l ow 
power  consumpt i on si nce t he power  usual l y has t o be 
pr ovi ded by bat t er i es and sol ar  panel s.  I n many 
cases,  uni t s ar e I nst al l ed i n ar eas wher e sol ar  
panel s ar e not  sui t abl e or  i n r emot e ar eas wher e 
bat t er y change i s ver y expensi ve.
Thi s pr obl em has been sol ved sel ect i ng speci al  r adi o 
uni t  and r educi ng t he out put  power  t o t he mi ni mum 
necessar y val ue.

Gener al  Consi der at i ons

I n t he pr evi ous sect i on t he speci f i c i nst r ument s have 
been pr esent ed.  Ther e ar e al so gener al  comment s on t he 
whol e I nst r ument at i on syst em can be poi nt ed out  on t he 
basi s of  t he exper i ence gai ned on t he Val t el l i na

moni t or i ng pr ogr am.
These comment s ar e r el at ed t o:

a)  pr obl ems of  envi r onment al  condi t i ons and pr ot ect i on 
of  I nst r ument s;

b)  pr obl ems of  i nst r ument  sel ect i on r el at ed t o 
i nst al l at i on condi t i ons;

c)  pr obl ems r el at ed t o t he cost s of  t he i nst al l at i on 
wor k, and,

d)  pr obl ems of  gener al  mai nt ai nance of  t he syst em.
a)  Envi r onment al  condi t i ons and pr ot ect i on
I n t he Val t el l i na case,  and i n gener al  f or  al l  l andsl i de 
moni t or i ng syst ems,  t he envi r onment al  condi t i ons pl ay an 
ext r emel y i mpor t ant  r ol e.
Low t emper at ur e - or  l ar ge t emper at ur e var i at i ons f r om 
ni ght  t o day - pr esence of  snow,  st r ong wi nd,  pr esence 
of  ani mal s,  heavy r ai n f al l ,  st r ong st or ms wi t h 
l i ght ni ngs ar e t he most  common pr obl ems one has t o f ace 
when i nst al l i ng an i nst r ument at i on syst em i n mount ai n 
sl i de ar eas.
I n t he Val t el l i na case t he most  danger ous pr obl em was 
i ssoci at ed wi t h st r ong sever e summer  t hunder  st or ms wi t h 
l i ght ni ng whi ch damaged a l ar ge number  of  i nst r ument s.  
These wer e convent i onal  I nst r ument s wi t h no Speci al  
pr ot ect i on agai nst  over vol t age.  Dur i ng t he f i r st  maj or  
el ect r i cal  st or m al most  30 i nst r ument s wer e damaged.  
Subsequent l y speci al  pr ot ect i on measur es wer e st udi ed 
and i nst al l ed.  They consi st ed of :

I nsul at i on of  t he sensor s f r om t he gr ound - or  t he 
wat er  - usi ng speci al  pl ast i c casi ng ensur i ng a 
mi ni mum i nsul at i on of  10000 V;
I nsul at i on of  t he cabl e l i nes by means of  speci al  
pr ot ect i on ci r cui t s i ncl udi ng di odes,  f uses and gas 
di schar ger  - abl e t o wi t hst and an over vol t age 
accor di ng t o I EC 60 st andar d up t o 10000 V;  
I nst al l at i on of  a gr oundi ng net  f or  each Remot e Uni t .  

These pr ot ect i on measur es wor ked pr oper l y and f ew 
i nst r ument s have been damaged by l i ght ni ngs af t er war ds.  
They have become a st andar d i n al l  successi ve 
i nst al l at i ons.
I t  has t o be poi nt ed out  t hat  t he i nsul at i on vol t age 
l i mi t  comes f r om a compr omi se bet ween t he uncer t ai nt i es 
on t he possi bl e over vol t age due t o l i ght ni ng and t he 
cost  of  t he pr ot ect i ons.
No one can be sur e t hen i f  - 10000 V i s enough,  but  shoul d 
i t  be conveni ent  t o spend mor e t o I ncr ease t hi s l i mi t  t o 
20000 or  30000 V or  mor e when t he l i ght ni ng ef f ect  can 
sur el y be much hi gher ? And i sn' t  t he cost  of  such 
pr ot ect i on hi gher  t han t he cost  f or  a new I nst r ument ?
b)  I nst r ument  choi ce
The choi ce of  t he I nst r ument s i s a cr i t i cal  t ask si nce 
must  be t aken i nt o account  f r om one si de t he need f or  
t he maxi mum possi bl e accur acy and,  f r om t he ot her ,  
maxi mum r el i abi l i t y and l owest  mai nt ai nance.  These t hr ee 
par amet er s cannot  al ways be opt i mi zed al t oget her .  A 
compr omi se has t o be made.
I n t he Val t el l i na syst em,  due t o t he ver y sever e 
envi r onment al  condi t i ons,  t he r el i abi l i t y and l ow 
mal nt al nace r equest  have been hi ghl i ght ed.
For  t hi s pur pose passi ve sensor s have been pr ef er r ed t o 
mor e sophi st i cat ed and accur at e ones but  mor e subj ect ed 
t o f ai l ur e.
Many pot ent i omet r l c or  passi ve st r ai n gauge sensor s have 
been used wher e possi bl e.  Mor eover ,  as al r eady 
ment i oned,  r emovabl e and r epl aceabl e I nst r ument s have 
been used wher e possi bl e.
The I nst r ument s whi ch have shown t he hi ghest  r el i abi l i t y 
agai nst  damages have been t he wi r e or  bar  ext ensomet er , 
whi ch uses a passi ve pot ent i omet er  I nsul at ed f r om t he 
gr ound.
c)  Cost  of  t he I nst al l at i on
Many i mpr ovement  t o t he pr evi ous i nst r ument  desi gn have 
been made i n or der  t o r educe cost s.  Mai nl y t hey have 
been concer ned wi t h t he pr eassembl y of  I nst r ument s i n 
t he wor kshop,  r educi ng use of  hel i copt er ,  and cr eat i ng 
si mpl e and easy I nst al l at i on pr ocedur es f or  r educi ng 
t i me on si t e.
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But  t he mai n exper i ence gai ned,  i n or der  t o r educe 
cost s,  but  al so I nt er est i ng f or  r educi ng t i me and 
consequent l y t o enabl e a f ast er  i nst al l at i on and set  up 
of  t he syst em,  I s t he possi bi l i t y t o r educe number  of  
bor ehol es f or  down- hol e i nst r ument  i nst al l at i on and t o 
pr ovi de f or  mul t i pur pose i nst r ument s such as combi ned 
pi ezomet er s and i ncl i nomet er ,  or  i ncl i nomet er  and 
geophones,  or  mul t i poi nt  pi ezomet er s combi ned wi t h 
i ncl i nomet er s and set t l ement  gauges,  each wi t h aut omat i c 
r eadi ng capabi l i t y.
Had t he possi bi l i t y exi st ed of  bei ng abl e t o use t hese 
t ypes of  I nst r ument ,  i t  woul d pr obabl y have r educed t he 
i nst al l at i on t i me by t hi r t y- f our t y per  cent  and 
I nst al l at i on cost  by t he same amount .
Ef f or t s ar e now bei ng made by I SMES f or  desi gni ng t hi s 
new l i ne of  i nst r ument s whi ch wi l l  be t he goal  of  t he 
f ut ur e act i vi t i es i n t he I nst r ument at i on f i el d,
d)  Gener al  mai nt ai nance of  t he syst em
So f ar  t he I nst r ument at i on syst em has not  r equi r ed 
ext ensi ve mai nt ai nance,  except  f or  speci f i c pr obl ems,  
f or  exampl e t o r epai r  I nst r ument s damaged dur i ng 
el ect r i cal  st or ms.
I n gener al  t he sensor s have gi ven r el i abl e r esul t s.
The mant al nance t eam consi st s of  4 t echni ci ans.  Thi s 
cr ew was suf f i ci ent  t o mai nt ai n 250 geot echni cal  
I nst r ument s,  32 Remot e Dat a Acqui si t i on Uni t s,  64 
mi cr osel sml c sensor s,  3 met eor ol ogi cal  st at i ons,  and 
al so t ake manual  r eadi ng,  when r equest ed.
Of  cour se,  f or  maj or  pr obl ems t hey r ecei ved a suppor t  
f r om I SMES t echni ci ans,  who pr ovi ded spar e par t s and 
ot her  consumabl es.
One I mpor t ant  i mpr ovement  woul d be t he possi bi l i t y t o 
use I nst r ument s wi t h bui l t - i n f aci l i t i es f or  
cal i br at i on,  checks,  and er r or s di agnosi s.  Thi s woul d 
r educe t he t i me r equi r ed f or  t echni ci ans on si t e and,  
t her ef or e,  al so r educe t he cost s.

CONCLUSI ONS ON I NSTRUMENTATI ON

As a concl usi on r egar di ng t he i nst r ument at i on I nst al l ed
by I SMES i n Val t el l l na,  t he f ol l owi ng poi nt s can be
st r essed.
a)  I n gener al  t he I nst r ument at i on i nst al l ed has gi ven 

good,  r el i abl e and accur at e i nf or mat i on.  Pr obl ems 
ar ose wi t h some deep bor ehol e i nst al l at i ons such as 
i ncl i nomet r i c casi ng and f i xed i ncl i nomet er s.

b)  A mi cr osel sml c net wor k i s a power f ul  t ool  f or  a 
qual i t at i ve gl obal  moni t or i ng of  l andsl i des,  but  
consi der abl e exper i ence and l ong t er m obser vat i ons 
ar e necessar y f or  a quant i t at i ve anal ysi s of  t he 
dat a.

c)  Radi o t el emet r y I s wel l  sui t ed f or  dat a t r ansmi ssi on 
syst em under  adver se oper at i ng condi t i ons.  I t  i s 
r el i abl e and cost  ef f ect i ve wi t h r egar d t o 
I nst al l at i on and mai nt ai nance

d)  The syst em has been abl e t o pr ovi de al l  t he 
i nf or mat i on necessar y t o cr eat e r i sk scenar i os and 
behavi our  model s.  Of  cour se,  t i me i s r equi r ed t o 
achi eve suf f i ci ent  knowl edge of  t he phenomena,  
t her ef or e t he anal ysi s pr ocess must  be cont i nuousl y 
updat ed.

e)  The scope speci f i ed by t he Depar t ment  of  Ci vi l  
Def ense f or  a r eal  t i me and moni t or i ng war ni ng syst em 
has been achi eved.

MANAGEMENT

The management  of  t he Val t el l l na moni t or i ng and war ni ng 
syst em i ncl udes t he f ol l owi ng t asks:
a)  dat a acqui si t i on
b)  dat a val i dat i on
c)  dat a pr ocessi ng
d)  dat a base management
e)  r i sk scenar i os def i ni t i on and upgr ade

f )  mat hemat i cal  model l i ng of  sl i de behavi our
g)  al ar m
h)  I nst r ument at i on mai nt ai nance 
1) per sonnel  t r ai ni ng.

The number  of  i nst r ument s ( al most  300) ,  t he hi gh 
r eadi ng f r equency (1 r eadi ng ever y 15 mi nut es)  and t he 
pr esence of  mi cr osel sml c net wor ks,  whi ch r equi r e f or  
speci f i c har dwar e and speci al i zed per sonnel ,  
char act er i ze t he syst em and has cr eat ed at  t he begi nni ng 
some pr obl ems of  management  whi ch have been sol ved by 
means of  appr opr i at e har dwar e and speci al i zed sof t war e 
packages.

The most  r el evant  aspect s whi ch must  be poi nt ed out  i n 
t he Val t el l l na syst em management  ar e r el at ed t o t he 
anal ysi s of  t he dat a made I n t er ms of  r i sk scenar i os and 
al er t  t hr eshol ds.

They al so pr ovi de necessar y i nf or mat i on t o I dent i f y 
r i sk ar eas.

Di f f er ent  i nt er pr et at i ve model s ar e devel oped f or  each 
r i sk si t uat i on and ar e t hen i ncor por at ed I nt o t he 
comput er  sof t war e at  t he al er t i ng uni t s.

The possi bi l i t y of  f or ecast i ng f ut ur e event s and 
ant i ci pat i ng r i sk scenar i os i s t he r esul t  of  
I nst r ument al  measur ement s bei ng acqui r ed and I nt er pr et ed 
I n r eal  t i me.

I f  an emer gency has been decl ar ed,  r i sk scenar i os ar e 
empl oyed t o suppor t  t he deci si on- maki ng f unct i on.

The capabi l i t y of  cr eat i ng r i sk scenar i os was gai ned 
by I SMES dur i ng t he t i me,  when t he i nst r ument at i on 
i nst al l at i on and hydr ogeol ogi cal  st udi es pr oceeded.

At  t he begi nni ng t he l i mi t ed knowl edge of  t he 
si t uat i on and t he emer gency phase l ed t o est abl i sh cr ude 
assumpt i ons on t he t hr eshol ds l i mi t s f or  t he most  
r el evant  par amet er s - cr ack openi ng,  wat er  l evel ,  r ock 
noi se emml ssl on,  et c.  - wi t hout  any speci f i c cor r el at i on 
among t hem.

Onl y af t er  a t r ai ni ng per i od of  some mont hs t he 
anal ysi s of  t he dat a col l ect ed by t he moni t or i ng net wor k 
and t he I ncr eased hydr ogeol ogi cal  knowl edge of  t he ar ea 
al l owed t o est abl i sh t he f i r st  r i sk scenar i os whi ch have 
been cont i nuousl y upgr aded and I mpr oved accor di ng t o t he 
col l ect ed dat a and gener al  exper i ence.

Thi s appr oach t o t he saf et y anal ysi s f or  a r i sk ar ea 
has been successf ul  and enabl es t o manage ver y 
compl i cat e and del i cat e si t uat i ons.

The exper i ence f r om t he Val t el l l na case has been used 
I n ot her  si t uat i on and i t  wi l l  r epr esent  I n t he f ut ur e 
t he st andar d appr oach when r i sk have t o be assessed and 
popul at i on must  be al er t ed.

Gr eat  i mpor t ance has,  i n such cases,  t he cooper at i on 
wi t h l ocal  aut hor i t i es whi ch can pr ovi de an i mpor t ant  
suppor t  f or  al er t i ng popul at i on and pr epar i ng saf et y and 
r emedi al  pr ocedur es.

GENERAL CONCLUSI ONS

The desi gn i nst al l at i on and management  of  t he r eal  t i me 
moni t or i ng and war ni ng syst em i n Val t el l l na have 
r equest ed a t r emendous ef f or t  f r om I SMES whi ch succeeded 
I n est abl i sh a r el i abl e met hodol ogy f or  t he 
hydr ogeol ogi cal  moni t or i ng and saf et y management .

The key poi nt  of  t hi s met hodol ogy I s t he 
i nt er connect i on bet ween dat a measur ement ,
i nt er pr et at i on,  and syst em management .

Fr om a pr act i cal  poi nt ,  i t  i s char act er i zed by t he 
hi gh l evel  of  aut omat i c dat a acqui si t i on,  whi ch r esul t s 
I n a hi gher  r el i abi l i t y of  t he measur ement  val ues,  wi t h 
t he possi bi l i t y t hat  moni t or i ng coul d be ext ended t o a 
gr eat er  number  of  par amet er s ( geot echni cal ,  
hydr ogeol ogi cal ,  et c. ) .

Fr om t hi s ef f or t  I SMES has gai ned l ar ge exper i ence i n 
moni t or i ng net wor k and dat a management s.

The most  si gni f i cant  poi nt s can be summar i zed as 
f ol l ows:
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A)  Moni t or i ng net wor k
1.  The st andar d I nst r ument at i on i s i n gener al  abl e t o 

gi ve good and r el i abl e r esul t s,  but  t her e i s a need,  
especi al l y I n t he emer gency phase,  f or  I nst r ument s 
abl e t o gi ve gl obal  I nf or mat i on on t he behavi our  of  
t he ment i oned ar eas ( l i ke aut dmat l c opt i cal  devi ces) .  
Thi s wi l l  be of  gr eat  hel p i n t he pr el i mi nar y desi gn 
phase.

2.  Gr eat  at t ent i on must  be dr awn on t he pr ot ect i on of  
t he I nst r ument s bot h f r om mechani cal  and el ect r i cal  
acci dent s ( bl ock f al l  and l i ght ni ng,  f or  exampl e) .
I t  has t o be consi der ed t he cost  f or  r epl aci ng a 
br oken I nst r ument  i n hazar d ar eas whi ch i s qui t e 
of t en hi gher  t han t he cost  of  a good pr ot ect i on t hat  
coul d doubl e t he l i f e or  t he m. t . b. f .  of  t he 
i nst r ument .

3.  Accur acy and r esol ut i on of  t he I nst r ument s pl ay,  i n 
t hese cases a l ower  r ol e t han nor mal ,  si nce t he 
uncer t ai nt i es i n t he behavi our  model s ar e so l ar ge 
t hat  a smal l  decr ease I n t he I nst r ument  per f or mances 
i s negl i gi bl e.

4.  Radi o t r ansmi ssi on must  be used when t he di st ances 
ar e r emar kabl e.
I t  i s mor e r el i abl e t han cabl e connect i on and,  i n 
many cases,  i s of  l ower  cost .

5.  I n or der  t o r educe t he cost  of  t he syst em i t  wi l l  be 
advi sabl e t o desi gn mul t i pur pose i nst r ument s wi t h 
aut omat i c r eadi ng whi ch enabl e t o r educe t he number  
of  t he bor ehol es and t her ef or e t o save t i me and 
r educe cost s.

6.  Bei ng t he r i sk scenar i os a compl i cat e combi nat i on of  
dat a and si nce t he al ar m must  be st at ed mai nl y on t he 
basi s of  t he I nst r ument  r esponse,  i nst r ument s must  
gi ve si ngl e and cl ear  dat a,  whi ch do not  r equi r e f or  
compl i cat e pr ocessi ng i n or der  t o obt ai n t he val ues.

B)  Management
1.  The r i sk management  of  a compl i cat e syst em as t he 

Val t el l l na one must  be or gani zed on t he basi s of  r i sk 
scenar i os and al er t  t hr eshol d whi ch wi l l  be 
cont i nuousl y I mpr oved as t he knowl edge I ncr eases.

2.  The management  of  a l ar ge moni t or i ng and war ni ng 
syst em must  be per f or med by a speci al i zed t eam 
i ncl udi ng exper t s of  di f f er ent  sci ences.  Ext er nal  
hel p f r om speci al i zed or gani zat i ons I s needed f or  
speci al  anal ysi s and consul t ancy.

3.  I t  i s advi sabl e t o t r ai n l ocal  peopl e t o t he 
mai nt al nance and oper at i ons of  t he syst em.  Thi s wi l l  
avoi d possi bl e conf l i ct s bet ween l ocal  I nhabi t ant s 
and ext er nal  or gani zat i ons oper at i ng i n t he ar ea - 
qui t e common i n such cases - and enabl es t o t ake 
advant age of  t he t er r i t or y knowl edge t hat  i nhabi t ant s 
have.

4.  Cl ose r el at i ons must  be st at ed wi t h l ocal  aut hor i t i es 
who can hel p i n def i ni ng t he war ni ng pr ocedur es and 
al ar m di f f usi on.
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