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Panelist contribution: Stabilization of Downie Slide and
Dutchman’s Ridge
Contribution de panelist: Stabilisation du glissement de
Downie et de la Créte de Dutchman

DENNIS P.MOORE, British Columbia Hydro, Vancouver, B. C.,
Canada

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 deepencd 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 ol 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 cconomies can be realized
by tailoring the construction to reality as it is revealed.

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 ol 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 | mm/year in
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Figure 1. Downie Slide. Drainage of this 1.4 x 10* cubic
metre slide achieved a lowering of pressure at the slide
basc of up to about 120 m to more than offset the
increase due to the reservoir of up to about 60 m.

Figure 2. Downie Slide - Section. The drainage adit was
constructed primarily within the slide mass. Failurce
surfaces followed weak schist layers dipping 18
downslope.



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 thc 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, Acres and Shawinigan) to the slide potential
and the existence of a potential slide at Dutchman's Ridge
was revealed in 1969 - 70.
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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 anditis only 1.5 km upstream from the dam so the
impact on the dam of a rapid slide from this slope could
be scvere. The designers recommendced a short adit to
provide further information and some drainage, but this
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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 P1 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 dctected, 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. 'T'hese slowed to
a steady movement of about | 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



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 piczometer
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 elscwhere
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 lcast.

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 achicved
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 ol 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 grcat economics.

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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Panelist contribution: Rain induced accidents in Rio de

Janeiro — Causes and prevention

Contribution de panelist: Accidents provoqués par la

pluie & Rio de Janeiro — Causes et prévention
WILLY A.LACERDA, COPPE/UFRJ, Rio de Janeiro, Brazil

1. INTRODUCTION

Rio de Janeiro is a city with a peculiar
topography, sandwiched between the sea and
chains of mountains up to a maximum altitude
of 1024 m above mean sea level. Yearly
rainfall average is about 1,100 mm, and about
250 mm/monih during summer. Pedrosa et al
(1988) and Barata (1969) present a good
description of the geomorphologic and
climatic aspects of Rio. Construction in Rio
was initiated along the low elevation coastal
areas and river valleys since its founding in
1565. Beginning in the 1800's constructions
on its slopes were made, but not on a large
scale. Only in the XXth century heavy
occupation of slopes was undertaken, at first
by upper and middle class inhabitants, and,
since 1940 and specially after 1960 by lower
class and sub—-employed inhabitants,
originating low quality housing often built
on steep sites. Cuts and fills and
deforestation at an IiIncreasing rate since
1960 were resorted to for this construction
spree, and in many insiances natural drainage
courses were altered. Garbage and
construction rubble disposal along the slopes
contributed to the already precarious
stabilily conditions of the hillsides.

Figure 1 depicts the area covered by
mountains above elevation 100 m; the points
represent agglomerations of slums up to now,
which make for approximately 30 % of the
urban population of Rio, which is now about
10 million people.

2. RAINFALL

Along the southeastern coastal mountain
ranges of Brazil rainy seasons coincide with
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summer , during which the majority of
landslides occur. They can be extremely
destiructive in inhabited areas whenever a
combination of antecedent, o1 accumulated
rainfall since the previous winter, and event
rainfall, that is, the amount of rainfall
pertaining to a given shorl period of time
related to the landslide eveni, reach a
certain 1level. Guidicini and Iwasa (1977)
and, more recently, Tatizana et al (1987)
have produced graphs such as those shown in
Figures 2 and 3. The curves in the graphs
separate regions or zones of probability of
occurrence of landslides. In Figure 1, if a
point of accumulated rainfall lies in zone A
there is practically 100 % of chance that a
serious landslide will occur, or has
occurred. In Figure 3 the accumulated
rainfall over the past 4 days is plotted
against (he peak intensity of rain at the

Cf= CctCe
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] R o e
mean annual rain fall
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mean annual rain fall
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FIGURE 2- Guidicini & Iwasa (1977)
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point represcnting rainfall conditions of a
given event will measure its probablity of
developing large or mulliple landslides. Such vegetation. This is a very important source
curves are valid for a given area with common ot recharge of the soil acquifer . This
geologic and climatic conditions. aquifer has its piezometric level increased
during the rainy season, and il can cause a

Points 1, 2 and 3 in Fidgure 2 represent landslide by means of reduced effective
cummulative rainfalls for the accidenls in stresses along the contact of the
Rio uf 1966, 1967 and 1968. Figure 4 shows a supcerficial, often more impermeable soil,
graph of rainfall for Lhree episodes. All of with the residual, sandy soil derived from
them coincided with landslide intensity of the alteration of the gneissic and granitic
hundreds of evenis during the hours of peak rocks that constlitute practically the
intensity, and, in some cases, some days majorily of Rio's mounlains. In this case, a
after. In every one of the evenls a state of corrective measure often used is to intercept
"public calumity" was declared by the this runoff water by means of a reinforced
authorities. It secams thal there is a concrete dilch anchored to the rock slope
threshold  for peak rain  intensity around just above the contact, Fig. 5(a). This
60-100 mm/hr above which huge landslides, or measure alone is often capable to avoid
catastnophic landslides, occur in Rio. fulurce hazards.
3. TYPICAL LANDSLIDLE SITUATIONS AND Another commom siluation 1s where a shallow
ENGINELERING SOLUTIONS suil cover overlies impermeable rock, with a
Where a steep rock slope makes contact witlh slope angle compatible with the shear
1usidual s0il or Ltalus  material and/or strength of tLhe soil, Figure 5(b). Ground
colluvial mantle overlying residual soil with water flow parallel to the slope can form
a genller slope angle there is a favored aller a  prolonged period of rain, with
infillration line for superficial flow failure ensuing. This situation is
coullecled alounyg the rock face, along which particularly adverse at the +top of old
run-off is praclically 100 %. The wualer abandoned quarries. There have been cascs of
infiltirates more ecasily because along such mudflows falling from Lhe hill crest and
conlacts lension cracks are likely to occur, causing extensive damage Lo propuirly and 1oss
which tend to widen with time as creup of lives downhill. In this case, extensive
movements of the soil/talus—colluvium superficial drainage and somelimes positlive
proceeds. Very frequently one finds  large impermeabilization by sprayed concrete arc
depressions  in these regions, which can be usud.

hidden, covered Ly forests and ducayed
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Another group of problems is related to
rockfalls, which may be due to water pressure
along fractures and cracks causing their
detachment from the rock slope, or to erosion
in the soll supporting residual boulders in
granitic slopes. This erosion is often
accelerated by means of vegetation removal
and excavation for the construction of shanty
houses. This situation is common in Rio, and
in fact corresponds to a very large
percentage of accidents in slum areas. In
this case boulder remotion or boulder
destruction by means of controlled blasting
is done wherever possible; in cases where the
number of houses in the proximity does not
allow the removal or blasting, anchoring of
the boulders with tiebacks 1is wused, or
sometimes a combination of anchored retaining
walls in front of the boulders, corrective
superficial drainage and tie-backs.

Superficial drainage /
Interceptor (concrete ditch) ?3
\

Tension zom\

Residuol/ colluvial soil

(a)

Interceptor ditch

< e
(pore pressures
at contact permeable soil

Intense rom fall

L—Shallow soil cover
Mudflow
"

(b)

Old quarry Mudflows

Colluvial deposit

711 Frow

(c)

Saturated colluvium

Horizontal drain”

L

FIGURE 5 - Typical situations
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A critical situation 1is the creep movement of
a large and deep colluvial mass with the
water 1level nearly at the surface. These
movemenis can affect streets with houses
situated at the foot of the slope. In these
cases, Iinternal drainage by means of 1long
horizontal drains (30 to 50 m ) is used with
success, Figure 5(c).
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Discussion

J.A.GUSMAO FILHO, Civil Engineering Department, Federal
University of Pernambuco, Brazil
J.M.JUSTINO DA SILVA, Civil Engineering Department, Federal
University of Pernambuco, Brazil
J.FT.JUCA, Civil Engineering Department, Federal University of
Pernambuco, Brazil

The authors wish to thank the General Reporter
by his comments concerning their paper "Field
instrumentation related to downslope movements".
In this way, they find necessary to present these
notes in order to clarify some questions.

The research programmation carried out in the
area took into account other aspects that are not
shown in the paper. The results concerning the
settlements of the monuments and the slope
stability are shown elsewhere (Gusmao et alli,
1986-a) .

The settlements of the monuments were estimated
by current methods, once the geometry and the
material of the monuments as well as the soil
compressibility parameters were known or
determined by laboratory tests. The results show
that the structure of these monuments 1is very
sensitive to settlement. The critical settlement
to damage (10mm) by the Burland and Wroth
criterium is lower than the calculated settlement
due to primary consolidation (27 to 30 mm).There
is also a large diference between the values of
the calculated settlements and the values of the
measured settlements, as it shown in the Table l.

Table 1. Examples of calculated versus measured
settlements

Monument Local Damage Settlement
calculated measured

Carmo Church Tilting of 27mm 60mm
left tower

S. Francisco Unlevelling
the Sacristy 30mm 260mm
floor

S. Bento Unleveling

Monastery the Sacristy 28mm 50mm
floor

We can say that other mechanisms were added
along the time in order to enlarge until 9 times
the settlements that are observed today. The
influence of other events on the final settlement
must have occurred.Examples of this situation are
the time effect on the deformation, the effect of
cuts that were made in the slopes during the
urban growth of the city provokating lateral
load relief and the rain influence on the slope
stability starting movements.

Concerning the time effect, the results show
a coefficient of secundary compression very low
(0,2%), in such a way that the 1life time
settlement (385 years) is only 1/3 of the primary

consolidation settlement. The analysis showed
also both the importance of the cuts made(19867b)
and the growndwater floatation (1987) in the
slope stability. Table 2 shows the decrease in
slope's factor of safety as a function of the
groundwater floatation. The maximum level occurs
during the intensive rains as it is shown in
this paper, and the factor of safety calculated
with the residual resistance decreasesto almost
one.

Table 2. Variation of the slope's factor of
safety with the GW position.

Site Factor of Safety
GW minimum GW maximum

Carmo 1.4 1.1

S. Francisco 1.7 1.2

S. Bento (SPR 1) 2.3 1.7

S. Bento (SPR 2) 2.0 1.5

S. Bento (SPR 3) 1.8 1.0

These important factors cause slope movements

resulting in aditional settlement which is
responsable by the large final settlement
observed today. The instrumentation discussed in
the paper delivered the necessary information

to the stability analysis.
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Instrumental observation of landslide slopes
Observations par instruments en place de glissements
de terrain
L.K.GINZBURG, Ukrspetsstrojproekt, Dnepropetrovsk, Russia

SYNOPSIS: Studying unstable slopes on the territory of
the USSR. Methods for geodetic observation of landslide
movements. Determination of sliding surface by means of
an inclinometer. Using of hydraulic sensor to determine
the landslide pressure. Application of the acoustic
emission method.

When studying unstable slopes on the territory
of the USSR,field observations are conducted to
observe:landslide deformations;abrasion on wa-
ter reservoirs and erosion on water courses;
on-slope processes caused by surfaces waters;
weathering of rocks and seasonal change in
their moisture content;influence of underground
waters.Such observations are specified by va-
rious official documents (Instructions Manual,
I966;Construction Norms,I988).

To obtain precise quantitative characteris-
tics of landslide displacements,instrumental
observations are conducted which include measu-
rement of in-plane and elevational position of
marks and beacons (installed both on the ground
surface and on buildings and structures), and
conduction of stereophotogrammetric survey as
well,

When studylng landslide movements by measure-
ment of the in-plene and elevational position
of bench marks,marks end beacons the following
techniques are used:

a) for each landslide at least three initial
ground bench marks on inherently immoveble
areas are instelled;

b) ground marks are arranged in the longitu-
dinal ranges coincident with the lines of the
engineering and geologlical sections;the inter-
vals between the marks not exceeding 20 to 30m;

c)to observe the behaviour of the in-depth
ground layers,in-depth marks are instelled (to
this end drill holes are used);

d) to measure the subsidence of buildings

located on a landslide slope,in-wall marks are
arranged in their walls;

e) to observe the deformations of buildings,
in-wall beacons are arranged in the cracks de-
veloped therein.

The number of instrumental observation cycles
and time intervals between the cycles are a
function of the landslide mass movement veloci-
ty and the tasks set,but at least three cycles
are used during a year,with a 2-4 months inter-
val therebetween.

Various methods (quite well-known in general)
for geodetic observation of landslide movements
are used:methods of distances,ranges,rays,li-
near intersections,etc. The method of distances
is ‘the simplest and the most widely used (Ter-
Stepanian,I1979). The method features systematio
measurements of distances between immobile re-
ference signs and mobile (sliding) points.

Geodetlio observations of landslides are ge-
nerally well kmown in the art of engineering,
therefore it is unreasonable to dwell in detail
on the prooedure of their performance.

But it should be noted that there are some
organizations which have carried out systematic
observations of unstable slopes during a leng-
thy period (Yerish,I972). Sinoce 1930,landslide
stations have been started to be organized in
various landslide areas for comprehensive of
large-scale landslides in the USSR. The Ku-
chuk-Koy station organized on the Southern
coast of the Crimea in 1930 was the first land-
slide station,probably not only in this count-
ry,but throughout the world. This station
(which is now called the Crimean station) has
developed the concept for the stationary stu-
dies on reference landslide areas "Zolotoy
Pliazh" ("Golden Beach"),"Pasburla","Zhukovka"
which have some features typical for a large
group of landslides,Similar stationary obser-
vations are carried out on numerous largescale
lendslides in this country (Ginzburg,I989).

Methods of instrumental determination of the
position of a sliding surface and of the pres-
sure value of the sliding soil masses (land-
slide pressure) have been much less used yet.

Determination of the actual position of the
sliding surface within a landslide slope has
been recently performed by means of an incli-
nometer designed by "Pundamentproekt"” (Bleh-
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man,I1988;Ginzburg,1989): the inclinometer 1is
periodicaelly lowered into a drill hole driven
through the thickness of the sliding solls

end cased by individuel pipe lengths (Fig.I).
Data are registered per each meter of inclino-
meter immersion.

The concept of the inclinometric method fea-
tures perlodic measurements of the deflection
angles of the longitudinal axis of each drill
hole from the vertical and plotting of the ac-
tual configuration of a number of drill holes
in range of the lendslide after the occurrence
of sliding displecements. The connection of
the lowest points of deformation in the drill
holes with a curved line enables to determine
the shape of the sliding surface.

The measuring element of the inclinometer
comprises a pendulum suspended on bearings,
with a flexible steel girder to which tenso-
resistors are glued. The measuring element is
placed inside a cylindrically shaped metallic
casing which is connected to a spacer (Pig.I).

The spacer comprising an upper and lower
identical clemping hinged system ensures the
arrangement of the measuring element coaxiel-
ly to 1its longitudinel exis.

Thus, the axis of the measuring element is
made coincident with the axis of the drill
hole section having the same angle to the ver-
ticel while the pendulum of the measuring ele-
ment takes the vertical position. As it does
80,the steel girder bends to a certain angle
which is registered on the surface by a speci-
al devioe to which a cable is run from the re-
sistive sensors.

Instrumental observatione using inclinometers
are sometimes carried out on a landslide during
a prolonged period of time.

To determine the lendslide pressure acting on
the structures arected on an unstable slope,a
hydraulic sensor of contact pressures designed
by the Kiev construction engineering institute
is used (Boiko,Nedria,I987).

The casing of the sensor (Fig.2) is embedded
into the body of the structure (e.g. antiland-
slide structure or support flown around by a
landslide). Several such sensors are usually
arranged along the full height of the structu-
re to enable measurement of the pressure values
at various levels of the landslide thickmess.
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Fig.I. Inclinometer with spacer

The pressure and discharge oil condults pass
through the body of the structure and are con-
nected to the sensor casing by means of coup-
lings.The opposite ends cf the oll conduits
open outwards.The landslide pressure of the mo-
ving. poll mess 1s transmitted to the plane of
the die which,being pressed into the casing,
closes the opening in the pressure coupling by
means of a bell valve. Measurements of the
pressure are taken periodically.To do this a
pump 1s connected to the outer end of the pres-
sure oll condult producing pressure which 1s
precisely controlled by a pressure gauge.

At the moment when the ball valve 1s forcibly
opened by this pressure (hence,the pressure is
eliminated by means of the dischaerge oil con-
duit),an equilibrium of forces caused by the
pump pressure and the landslide pressure will



Fig.2. Diagrammatic view of the contact
pressure sensor: I-casing;2-die;3-gland;

4-pressure coupling;5-pressure oil conduity
6-discharge 0il conduit;7-discharge coupling;
8-ball velve;9-pressure delivery from pump;
I0-0il discharge to pump;II-stop screw

be achieved.Knowing the ratio of the surfaces

of the dle and the ball valve it is easy to de-
termine the actual value of the landslide pres-
sure.

Such contact pressure sensors are at present
installed,for instance,on the supports flown
around by a landslide,which were erected for a
water main arranged on a landslide slope in the
vicinity of Chernovtsy ( a town in the Western
Ukreine).Measurements of pressures are taken
regularly,with a higher frequency during the
periods of the landslide activation.

A process for checking the effectiveness of
the control measures by acoustic emission me-
thod has been developed recently (Muravin,Si-
galoveky,Erminson,I985).The process 1s based on
the fact that in most cases sound emission pre-~

oedes breakdown as a warning of the approaching
disaster. The method of acoustic emission ena-
bles to analyse the state of materlals and
structures using data concerning emission of
sound and hypersound under load. In order to
control the eliding displacements,an apparatus
was developed in which a plezotransducer is ar-
ranged on the object to be tested for sensing
its mechanical oscillations and transforming
them into electrical signals. For instance,on
one of the slopes in the Crimea,the emission
was reglstered when a piezotransducer was
placed on the reinforcement elements of the
deeply embedded ferroconaéte plles used to sta-
bllize the landslide. When the concrete was de-
formed by the moving mass,signals of acoustio
emission were generated in it which had a much
greater amplitude and power than the signels in
soll. The development of the acoustic emission
method 1s oontinued in order to provide for

an efficient control of stabilizing measures
and to reveal the zones of intensive deforma-
tion processes.

It should be noted that some aspects of inst-
rumental observation of landslides still re-
quire further development.For instance,methods
of computer-aided interpretation of aerial pho-
tography have not yet been adequately finalized
to ensure integrated quelified anelysis of each
slope.Methods of determining the position and
configuration of the landslide slippage sur-
face during engineering and geologlcal su=vey
are also far from ideal.Actuelly,there are no
reliable methods for the determination of gro-
und pressure within a freely standing landsli-
de slope. Methods of indicating minor ground
displacements are inadequately effective when
a landslide just starts moving.

Obviously,unification of efforts of acien-
tists in various countries is required in order
to improve inethods of instrumental observation
of landslides.
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Discussion
DOMENICO BRUZZI, ISMES, Bergamo, Italy

INTRODUCTION

On  July 28, 1987, following severe flooding,

approximately 35 million cubic meter of rock broke away

from Mount Zandila and avalanched 1inte Valtellina,
destroying two villages and damming the Adda River,
forming a basin of about 28 million cubic meter
immediately upstream of an area with 80,000 inhabitants.

In view of the danger posed by the landslide dam and
the still unstable slopes of Mount Zandila, a monitoring
and warning system was installed at the site.

This presentation summarizes the technical and
managing experience gained by ISMES in the installation
and management of the monitoring and warning system
which was installed during the emergency under difficult
environmental conditions.

Immediately after the disaster, the Department of Civil

Defense decided to install a real-time monitoring and

warning system to cope with the emergency conditions.

ISMES was appointed by the Department to design,

install and manage this system.

It was immediately clear that the urgency and the
general conditions did not allow a classic approach in
the design and realization of the monitoring system:
preliminary studies and subsequent design and
installation of the instrumentation.

The emergency situation required in particular:

- a system able to provide information about possible
further slide movements and rock falls in the area
where remedial works were in execution in order to
ensure the safety of people involved in the works;

- a system for monitoring seepage of the impounded lake
water through the debris material with consequent
possible failure of the dam and catastrophic flooding
in the valley.

Moreover, the severe environmental conditions at the
site required that considerable attention would be given
to the operative aspects of the system to ensure that
significant and reliable results were obtained.

The principal environmental conditions to be
considered were:

- The elevation of the top part of the Val Pola slide
was 2300 m a.s.l. This resulted in problems because
of severe and changing climatic conditlions and made
access to the entire sliding area difficult since it
was necessary to use helicopters to move people and
equipment. This 1limited the choice of |usable

equipment and the cost of the activities increased
very much.

- The presence of many large and unstable rock blocks
in the debris material forming the dam which often
created major problems during drilling operations and
instruments installation.

- The large rate of local movement of existing slopes
in specific areas (Val Torregglo) which damaged
drilling equipment and down-hole instrumentation a
short time after installation;

- The extension of the total area to be monitored (in
practice all of the Valtellina), and the large

variety of problems and local conditions in the
valley (rock avalanches, soll sliding, block
movements, river damming, flooding, etc.). which had
to be considered as a whole and not as single,
isolated problems to ensure the safety of the entire
valley.

Another aspect which must be pointed out is that the

project was started using mainly in house equipment and

sensors. All these aspects created a situation which
required that the design of the monitoring system had to
be carried out during the execution of the project; when
problems arose solutions had to be found. In this way it
was possible, based on the experience gained from the

Val Pola slide, to approach other slides or dangerous

areas Iin a more and more specific and organic way,

thereby limiting the uncertainties and enabling the
right instruments to be selected to guarantee a reliable
warning system.

The described approach and the difficult working
conditions during the emergency phase, have of course
affected the cost of the system which has been much
higher than it would have been installed 1in normal
conditions.

The cost of the system was approximately Lit.
25.000.000.000 (US$ 18,000,000). This includes:

- installation of three microseismic networks
comprising 63 sensors, radio connection and data
acquisition and processing centers;

- execution of about 4000 m of boreholes for down-hole
instrument installation and geotechnical studies;

- 1installation of the following instrumentation:

inclinometric casing: 1300 m

fixed inclinometers: 50 biaxial sensors
plezometers with automatic reading:nr.
average depth of 30 m

TRIVEC® casing: 306 m

settlement gauge: nr. 15 at 40 m

rock extensometer: nr. 5 with three bases at 40-
60-80 m

surface wire and rod extensometers: nr. 111
monuments: nr. 55

meteorological stations: nr. 5

76 at an

hydrometric stations: nr. 9
connection cable: over 30.000 m
data transmission unit (via radio): nr. 32
data acquisition and processing center: nr. 2;
- maintainance of the system from the beginning (August
1987) to the end of 1988;
- management of the system from the beginning to the
end of 1988.

MONITORING NETWORK

As mentioned earlier, the installation of the
instrumentation started just a few days after the Val
Pola landslide occured.

The first instruments installed were sgix microseismic

stations along the border of the Val Pola landslide.
Their function was to monitor the energy release from
the slide area and to provide an alarm for people
working below and give Authorities information on
possible further slides in order to evacuate the people
living downstream.
At the top of the slide, which was the most unstable and
dangerous part, a series of surface wire extensometers
was installed in order to monitor the movement of an
area that represented a volume of some million cubic
meter of material, directly over the lake, and thus
constituted a serious problem for the safety of the
area.

In the meantime the geotechnical investigation program

started and boreholes were made both in the lake dam
and along the slide border 1in order to install
plezometers , to monitor seepage through the dam;
inclinometers for horizontal movements ; and

extensometers, for vertical movements.
Simultaneously with the installation of instruments, the
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first data acquisition center was established. Its main

purpose was to collect and process data from the

instruments and transmit the information to the

Authorities.

- geotechnical, geophisical, hydrogeological
instrumentation installed on the sliding areas;

- remote units for collecting instrumental data and
transmit them, via radio,to the data acquisition
center;

- electrical cables to connect Instruments to the
remote units;

- data acquisition and processing data.

After installation of all the equipment could start
the maintainance and management phase.

The management phase included periodic or on request
check of all or part of the instruments, creation of
scenarios, set up of data bank in conjunction with ISMES
main facilities 1in Bergamo and training of local
technicians for system maintainance.

GAINED EXPERIENCE

The design, installation and management of the
monitoring and warning system for hydrogeological risk
in Valtellina, gave ISMES the opportunity to obtain
considerable experience in the use of geotechnical and
geophysical instrumentation under severe environmental
conditions and when risk had to be assessed and alarms
given.

The main 1lessons that ISMES 1learned from this
experience, from the instrumentation point of view, are
related to the following points:

- performance of the instruments;
- data transmission and acquisition;
- 1interpretation of the instrumentation data.

The severe operating conditions and the large variety
of problems approached subjected the instruments to the
limit of their performance in  many istances.
Consequently, it is possible to express some judgement
and general comments on the performance of the different
sensors used.

Measurement of the horizontal displacement

In the Valtellina system deep horizontal movements have
been measured by means of inclinometric casing and
manual readings with a borehole inclinometric probe, or
automatically by means of fixed inclinometric probes.
Surface displacements have been monitored by wire
extensometer and geodetic instruments.

Problems that arose with the use of inclinometers and
inclinometric casings.

- The manual reading taken with normal or special
(TRIVEC®) probes can only be made during the summer
and part of spring and autumn season, due to the
presence of snow or severe meteorological conditions.
They are used, therefore, primarily as a back up for
checking the data obtained from the automatic
sensors. Obviously they could not be used as a real-
time warning system.

- With the use of fixed inclinometric probes, it |is
necessary to know where to install them in order to
obtain significant results. This was not possible
only for all the casing since there was not time to
perform a sufficient number of manual surveys before
installing them. Thus it turned out that many probes
gave very small or no indication of movements when
real movements - detected by other systems -
occurred.

Another {important point regarding fixed inclinomters
is related to the rate of slide movement and depth of
installation.

In the Valtellina system two different situations
vhere present:
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- the first one involved monitering rock movements and
therefore had to deal with very small movements;

- the second one involved earth slides often on very
steep slopes, implying large rate of movements and
possibly settlement or, in general, vertical
movements in addition to horizontal displacements.

In both cases it was quite difficult to get reliable
measurements: in the first one because the global
uncertainty of the measurement could be of the same
order of magnitude as the actual movements; 1in the
second case because the casing could be damaged due to
combined large horizontal and vertical movements.

Both servoinclinometers and pendulum potentiometric
inclinometers have been used on site, but the results
have not been significantly different.

For all these reasons the experience gained in
Valtellina regarding inclinometric casings is that, even
if they are the most powerful instruments for monitoring
horizontal displacements and the position of the sliding
surface, in some application they may not be reliable
enough, even if the most accurate type of sensors are
used. Therefore care must be taken to activate alarm or
warning devices from other data.

The surface wire or rod extensometers have been used
to detect and monitoring cracks opening mainly along the
slide borders. The first type of extensometer consists
of a steel or Iinvar wire, tensioned between two
reference points by means of a constant tension device
(counterweight) and a rotary potentiometer which detects
the rotation of a pulley on which the wire 1is turned,
caused by the change in the distance between the two
reference points.

The second type consists of an invar rod hinged on a
fixed support and connected to another support, with the
possibility of movement. The three components of
movement are measured by means of two rotary and one
linear potentiometers.

The extensometers have probably been the most powerful
and useful instruments in the system, giving reliable
and sufficiently accurate measurements of surface
movements.

The wire type extensometers have subsequently been
modified and improved on the basis of the results and
suggestions derived form the previous installations.

The invar wire, due to its softness and difficulty in
handling (it was very easily damaged during
installation) was replaced in subsequent instruments
with a stainless steel strand which 1s stronger, more
flexible and less subject to damage. Of course the
thermal expansion coefficient was greater than the invar
wire, but 1t was accepted considering the order of
magnitude of the measured deformations and the average
wire length.

The major probiem with this type of instruments was
the need to protect the wire from accidental hits,
animals, snow, wind and 1ice. All these causes could
affect the measurements in large way. A solution was
found by installing the instruments under the ground
level and protecting the wire with semicylindrical
metallic shells.

As mentioned, this type of instrument has been one of
the most wuseful instruments for monitoring the
Valtellina slides. It has given very good results with
an overall accuracy of approximately 0.5 mm and the
alarm signals based on the data has been reliable and
realistic. Moreover, the collected data have been very
easy to manage and interprete, for example, compared to
the inclinometric data. Likewise, errors were easily
identified and corrected. This was important
particularly during the emergency phase when experience
was limited and it was necessary to deal with simple and
reliable data.

Movements determined from geodetic instruments have
been used widely in the initial study of the overall
movements of the slide since no other instruments for
movement detection could be intalled during the first



phase of the emergency.Both angular and distance
measuring equipment have been used. They have given good
results mainly for checking relative displacements
monitored by the inclinometers and extensometers.

Two major problems were encountered with this type of
measurement.

- It 1s often difficult to find suitable fixed
reference points, 1in particular when the movements are
not very large. In order to to improve on the accuracy
of the measurements, observations can be taken from many
different master stations, but this increases the
reading time and the costs;

- the impossibility to automate the measurements during
the emergency phase although some manufactures proposed
automatic systems capable of measuring, with the
requested frequency, the position (angular and distance)
of a large number of points. However, since they were
still in a developing and testing phase, they were not
used because of the wuncertain reliability of the
systems.

It will be of great interest and very useful indeed to
have the possibility of using instruments of this kind
in future monitoring programs. Since the optical surveys
have a good accuracy, they are at the moment the only
reliable method for a global survey of a large area.

Measurement of the vertical displacement

This type of measurement is not very common in landslide
monitoring, but in the Valtellina case vertical
‘displacements were monitored to determine the settlement
of the debris material that created the lake 1in the
valley and to study large unstable rock masses in the
slide area.

Two types of instruments have been used for monitoring
vertical movements:

- single point rod settlement gauges (with electric
displacement transducer);
- TRIVEC® extensoinclinometer.

The first one consisted of an invar rod anchored at
the bottom of a borehole, in a position where no
movements are espected, creating a reference point for
measuring vertical movement at the surface.

Large problems could arise from horizontal block
movement which damages the reference rods. Thus, the
reliability of the system over a long period of time is
not very high.

Good results and high reliability have been obtained
by the TRIVEC® measurements. TRIVEC® is a well known
instrument for measurements In rock and enables
measurements with great accuracy of both horizontal
movements and vertical strains. Three TRIVEC® casings
were installed: ome in the Val Pola area and two in
Campo Franscia.

They have given good results but, as pointed out for
the manual survey of inclinometric casings, it |is
necessary to move operators and equipment in difficult
areas (many times by helicopther) and measurement can
only be taken when weather conditions are good.

Pore wvater pressure measurement
This is another typical and {mportant measurement in
stability analysis and hydrogeological probelms.

In the Valtellina system pore pressure measurements
have been used to determine the water table level in the
debris material, to monitor the seepage, and in the Val
Pola, Val Torreggio and Lanzada areas to ascertain the
influence of pore pressure on the slide stability.

From the beginning it was decided to install only open
plezometers and to automate these by means of a pressure
transducer installed inside the measuring tube.

This decision was based on geotechnical aspects such
as the stratigraphy and the permeability of the
materials, the mechanism of failure for the major
slides, and from the instrumentation point of view, the

possibility of replacing damaged electric instruments or
making manual checks.

The open standpipe and Casagrande plezometers were
equipped with strain gauge type pressure transducers
providing an overall accuracy in the water 1level
measurement of 6+10 cm. This accuracy was sufficient for
the hydrogeological models used to analyze the data.

These instruments have worked satisfactorily and the
data have successfully wused for both stability and
hydrogelogical studies in connection wich
hydrometeorological data such as rain fall and flow in
the main rivers.

A problem arisen with this type of plezometer was
related to the weakness of the piezometric tubes which
were easily destroyed by the slide movements. Both
plastic and metallic tubes have been wused, but the
results have been not satisfactory due to the high
movement rate of the ground.

Considering this, there 1s a need for a special type
of pilezometer, open tube type, able to withstand large
soil movement without be destroyed or obstructed. This
could probably be obtained by wusing flexible tubes,
having at the same time large resistance to local shear
forces.

Microseismic Network

As pointed out earlier, the microseismic instrumentation
was 1Installed immediately after the Val Pola slide
occured. In 15 days the first 6 instruments started
sending signals of the rock noise or acoustic emissions
related to slide activity and on falling blocks in the
slide area.

It has been a very powerful tool in monitoring the
whole slide area particularly in the emergency phase
and, afterward, when more instruments were installed,
both on the surface and down-hole. The measured data
provided a basis for deeper study of the slide behaviour
and evolution. In many cases minor slides or large
blocks falls could be predicted. Moreover, using
sophisticated analysis techniques, it was possible to
calculate - on line - the position of the acoustic
emission and therefore to establish if it interested the
slide area and thereby warn of possible movement and
danger, or other areas.

The greatest problem, however, was in the
interpretation of the data. It was extremely difficult
to analyze the signals in order to select true rock
noise, acoustic emission and rock falls from erroneous
signals from helicopters, drilling operations and from
earthmoving equipment, etc.

The problems related to signal analysis became more
critical for the network installed in Val Torreggio,
where the slide occurred in soil. In this case it was
more difficult to separate slide signals from noise or
erroneous signals. Consequently, at this site the
microseismic network gave less reliable information.

Considering this problem and the general experience
gained 1in Valtellina, it can be stated that the
microseismic network is a very useful tool for emergency
phases and for global monitoring of a slide, giving
information on the general behaviour and enabling a
correlation of punctual measurements from geotechnical
instruments under specific conditions or during special
events. Problems arise when the slide occurs in soil and
not in the bed rock. It is a helpful tool for analyzing
the general condition of stability and for predicting
future movements. However, great care and extensive
experience are required when trying to obtain
quantitative information from the observed data.

Meteorological measurement

Meteorological measurements are needed to correctly
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interpret measurements and for making correlations
between slide movement and external causes (i.e. rain
fall, snow melting, etc.).

The following standard type of
instrumentation have been used:

- rain gauge

- snow gauge

- wind direction and velocity gauge
- atmospheric pressure

- temperature

- humidity.

The sensors have been installed 1inside standard
meteorolocial enclosures.

These measurements have not presented any significant
problems except for the snow height gauge. The
ultrasonic type instrument that was wused can be
adversely affected by high humidity or fog in the air
and change in temperature.

meteorological

Radio telemetry

The remoteness of the monitored areas and the

unreliability of using very long cable runs in areas

subjected to large movements and continuous rock fall
led to the use of a radio telemetry system. Cables were
used only to connecting instruments to local Remote

Radio Transmission Units. It proved immediately apparent

that this solution was quite adequate for the prevailing

environmental conditions. UHF digital radio equipment
has been used.

The reliability of the telemetry system has been very
high and no large maintainance has been required.

In order to reduce power consumption, each radio unit,
vhich can accept and transmit data from a maximum of 15
instruments, 1is set to be in a stand-by mode until a
request for data is received from the data acquisition
center. When a request is received the unit is activated
and data are sent.

The Valtellina system has been the largest
application of the data radio transmission for landslide
monitoring in Italy. The results have been very good and
the experience was so positive that it has become the
ISMES standard type of data transmission for monitoring
landslides, or 1in general for monitoring instruments
distributed over a large geographical area.

Experience at Valtellina pointed out two major
problems related to radio transmission:

- The remote units should have the possibility to store
measurements in an internal memory and transmit data
to the center on its request. This increases the
reliability of the system. In case of a failure or
problems with the transmission line, no loss of data
will occur because measurements are independently
made and stored and are available vwhen the
transmission line is repaired.

This solution was studied and an appropriate data
logger and radio unit has been developed and 1s now
widely used in other applications.

- There is a need for equipment that has a very low
pover consumption since the power usually has to be
provided by batteries and solar panels. In many
cases, units are installed 1in areas where solar
panels are not suitable or in remote areas where
battery change is very expensive.

This problem has been solved selecting special radio
unit and reducing the output power to the minimum
necessary value.

General Considerations
In the previous section the specific instruments have
been presented. There are also general comments on the

wvhole instrumentation system can be pointed out on the
basis of the experience gained on the Valtellina

3076

monitoring program.

These comments are related to:

a) problems of environmental conditions and protection
of instruments;

b) problems of instrument
installation conditions;

c) problems related to the costs of the installation
work, and,

d) problems of general maintainance of the system.
a) v
In the Valtellina case, and in general for all landslide
monitoring systems, the environmental conditions play an
extremely important role.
Low temperature - or large temperature variations from
night to day - presence of snow, strong wind, presence
of animals, heavy rain fall, strong storms with
lightnings are the most common problems one has to face
when installing an instrumentation system in mountain
slide areas.

In the Valtellina case the most dangerous problem was

issociated with strong severe summer thunder storms with

lightning which damaged a large number of instruments.

These were conventional instruments with no sdpecial

protection against overvoltage. During the first major

electrical storm almost 30 instruments were damaged.

Subsequently special protection measures were studied

and installed. They consisted of:

- 1insulation of the sensors from the ground - or the
water - using speclal plastic casing ensuring a
minimum insulation of 10000 V;

- insulation of the cable lines by means of special
protection circuits including diodes, fuses and gas
discharger - able to withstand an overvoltage
according to IEC 60 standard up to 10000 V;

- 1installation of a grounding net for each Remote Unit.

These protection measures worked properly and few

instruments have been damaged by lightnings afterwards.
They have become a standard 1iIn all successive
installations.
It has to be pointed out that the insulation voltage
limit comes from a compromise between the uncertainties
on the possible overvoltage due to lightning and the
cost of the protections.
No one can be sure then 1f-10000 V is enough, but should
it be convenient to spend more to increase this limit to
20000 or 30000 V or more when the lightning effect can
surely be much higher? And isn’t the cost of such
protection higher than the cost for a new instrument?
b)
The choice of the instruments is a critical task since
must be taken into account from one side the need for
the maximum possible accuracy and, from the other,
maximum reliability and lowest maintainance. These three
parameters cannot always be optimized altogether. A
compromise has to be made.
In the Valtellina system, due to the very severe
environmental conditions, the reliability and low
maintainace request have been highlighted.
For this purpose passive sensors have been preferred to
more sophisticated and accurate ones but more subjected
to failure.
Many potentiometrlic or passive strain gauge sensors have
been used where possible. Moreover, as already
mentioned, removable and replaceable instruments have
been used where possible.
The Iinstruments which have shown the highest reliability
against damages have been the wire or bar extensometer,
which uses a passive potentiometer 1insulated from the
ground.
¢c) Cost of the installation
Many improvement to the previous instrument design have
been made in order to reduce costs. Mainly they have
been concerned with the preassembly of instruments in
the workshop, reducing use of helicopter, and creating
simple and easy installation procedures for reducing
time on site.

selection related to



But the main experience gained, in order to reduce
costs, but also interesting for reducing time and
consequently to enable a faster installation and set up
of the system, 1is the possibility to reduce number of
boreholes for down-hole instrument installation and to
provide for multipurpose instruments such as combined
plezometers and inclinometer, or inclinometer and
geophones, or multipoint piezometers combined with
inclinometers and settlement gauges, each with automatic
reading capability.

Had the possibility existed of being able to use these
types of instrument, it would probably have reduced the
install'ation time by thirty-fourty per cent and
installation cost by the same amount.

Efforts are now being made by ISMES for designing this
new line of instruments which will be the goal of the
future activities in the instrumentation field.

d) General maintainance of the system

So far the instrumentation system has not required
extensive maintainance, except for specific problems,
for example to repair instruments damaged during
electrical storms.

In general the sensors have given reliable results,

The mantainance team consists of 4 techniclans. This
crew was sufficient to maintain 250 geotechnical
instruments, 32 Remote Data Acquisition Units, 64
microseismic sensors, 3 meteorological stations, and
also take manual reading, when requested.

0f course, for major problems they received a support
from ISMES technicians, who provided spare parts and
other consumables.

One important improvement would be the possibility to
use instruments with built-in facilities for
calibration, checks, and errors diagnosis. This would
reduce the time required for technicians on site and,
therefore, also reduce the costs.

CONCLUSIONS ON INSTRUMENTATION

As a conclusion regarding the instrumentation installed
by ISMES 1in Valtellina, the following points can be
stressed.

a) In general the instrumentation installed has given
good, reliable and accurate information. Problems
arose with some deep borehole installations such as
inclinometric casing and fixed inclinometers.

b) A microseismic network 1is a powerful tool for a
qualitative global monitoring of landslides, but
considerable experience and long term observations
are necessary for a quantitative analysis of the
data.

c) Radio telemetry is well suited for data transmission
system under adverse operating conditions. It |is
reliable and cost effective with regard to
installation and maintainance

d) The system has been able to provide all the
information necessary to create risk scenarios and
behaviour models. Of course, time 1s required to
achieve sufficient knowledge of the phenomena,
therefore the analysis process must be continuously
updated.

e) The scope specified by the Department of Civil
Defense for a real time and monitoring warning system
has been achieved.

MANAGEMENT

The management of the Valtellina monitoring and warning
system includes the following tasks:

a) data acquisition

b) data validation

c) data processing

d) data base management

e) risk scenarios definition and upgrade

f) mathematical modelling of slide behaviour
g) alarm

h) instrumentation maintainance

i) personnel training.

The number of instruments (almost -300), the high
reading frequency (1 reading every 15 minutes) and the
presence of microseismic networks, which require for
specific hardware and specialized personnel,
characterize the system and has created at the beginning
some problems of management which have been solved by
means of appropriate hardware and specialized software
packages.

The most relevant aspects which must be pointed out in
the Valtellina system management are related to the
analysis of the data made in terms of risk scenarios and
alert thresholds.

They also provide necessary information to identify
risk areas.

Different interpretative models are developed for each
risk situation and are then incorporated into the
computer software at the alerting units.

The possibility ‘of forecasting future events and
anticipating risk scenarios is the result of
instrumental measurements being acquired and interpreted
in real time.

If an emergency has been declared, risk scenarios are
employed to support the decision-making function.

The capability of creating risk scenarios was gained
by ISMES during the time, when the instrumentation
installation and hydrogeological studies proceeded.

At the beginning the 1limited knowledge of the
situation and the emergency phase led to establish crude
assumptions on the thresholds 1limits for the most
relevant parameters - crack opening, water level, rock
noise emmission, etc. - without any specific correlation
among them. '

Only after a training period of some months the
analysis of the data collected by the monitoring network
and the increased hydrogeological knowledge of the area
allowed to establish the first risk scenarios which have
been continuously upgraded and improved according to the
collected data and general experience.

This approach to the safety analysis for a risk area
has -~ been successful and enables to manage very
complicate and delicate situations.

The experience from the Valtellina case has been used
in other situation and it will represent in the future
the standard approach when risk have to be assessed and
population must be alerted.

Great importance has, Iin such cases, the cooperation
with local authorities which can provide an important
support for alerting population and preparing safety and
remedial procedures.

GENEBAL CONCLUSIONS

The design installation and management of the real time
monitoring and warning system in Valtellina have
requested a tremendous effort from ISMES which succeeded
in establish a reliable methodology for the
hydrogeological monitoring and safety management.

The key point of this methodology 1is the
interconnection between data measurement,
interpretation, and system management.

From a practical point, it 1is characterized by the
high level of automatic data acquisition, which results
in a higher reliability of the measurement values, with
the possibility that monitoring could be extended to a
greater number of parameters (geotechnical,
hydrogeological, etc.).

From this effort ISMES has gained large experience in
monitoring network and data managements.

The most significant points can be summarized as
follows:
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A)

Monitoring network

The standard instrumentation is in general able to
give good and reliable results, but there is a need,
especially in the emergency phase, for instruments
able to give global information on the behaviour of
the mentioned areas (like automatic optical devices).
This will be of great help in the preliminary design
phase.

. Great attention must be drawn on the protection of

the instruments both from mechanical and electrical
accidents (block fall and lightning, for example).

It has to be considered the cost for replacing a
broken instrument in hazard areas which 1s quite
often higher than the cost of a good protection that
could double the 1life or the m.t.b.f. of the
instrument.

. Accuracy and resolution of the instruments play, in

these cases a lower role than normal, since the
uncertainties in the behaviour models are so large
that a small decrease in the instrument performances
is negligible.

. Radio transmission must be used when the distances

are remarkable.
It is more reliable than cable connection and, {n
many cases, is of lower cost.

. In order to reduce the cost of the system it will be

advisable to design multipurpose {instruments with
automatic reading which enable to reduce the number
of the boreholes and therefore to save time and
reduce costs.

. Being the risk scenarios a complicate combination of

data and since the alarm must be stated mainly on the
basis of the instrument response, instruments must
give single and clear data, which do not require for
complicate processing in order to obtain the values.

. The risk management of a complicate system as the

Valtellina one must be organized on the basis of risk
scenarios and alert threshold - which will be
continuously improved as thé knowledge increases.

. The management of a large monitoring and warning

system must be performed by a specialized team
including experts of different sciences. External
help from specialized organizations 1is needed for
special analysis and consultancy.

. It 1is advisable to train local people to the

maintainance and operations of the system. This will
avold possible conflicts between local inhabitants
and external organizations operating in the area -
quite common in such cases - and enables to take
advantage of the territory knowledge that inhabitants
have.

. Close relations must be stated with local authorities

who can help in defining the warning procedures and
alarm diffusion.
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