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INTRODUCTION

This report, thesis of the ‘Certificat d’Etude dessques Géologiques (CERG)’ from the University @éneva,

Switzerland, is the result of a work carried outtfte Swiss Agency for Development and Coopergi@@SUDE) in

Nicaragua, between the 1®f august to the 12of September 2003. The main objective of my wogswuhe design
and installation of a landslide monitoring systenCierro El Volcan, Dipilto municipality.

Why Nicaragua?

The passage of Hurricane Mitch in October 1998 @eartral America showed the extreme vulnerabilftilizaragua
not only to volcanic and seismic hazards but alslamdslides and hydrological hazards, such aglihgpand debris
flows. Since then, many institutions, agencies BIGD have produced hazard maps, each using theirsgmbols
and criteria. Although the results of such studiese globally positive, some raised confusion dué¢he differing
symbols and criteria used. In many cases duplicatigorojects occurred between these agencies.

Context of the project

The METALARN (Methodology for Local Analysis of Natal Hazards and Risks in Nicaragua) project isttirel
phase of the ALARN project (Local Analysis of NatbuiHazards and Risks in Nicaragua) initiated in A&
COSUDE. lIts aims are:

« Contribute to the unification and standardisatidrciteria, symbols, concepts and methodologiestfiar
creation of hazard maps; 1/50,000 scale for theicipalities and 1/10,000 or 1/5,000 scales for arbasign
are planned. A national forum about this problens waccessfully held at the Hotel Camino Real or2fife
and 21 of august 2003 with about 50 professional, froraxagua and abroad attending.

» Coordinate all the technical capabilities and sgets of the country for creation of these mapd #re
realization of some pilot-projects such as the tooimg of landslides.

The collaboration between INETER (Instituto Nicaragse de Estudios Territoriales) and COSUDE stdttsa pilot
project of design and installation of a landslidenitoring system in specific areas of the countryider to bring
early warning to the population. This method habeaobust, economic and simple enough to be regeat many
other sites of Nicaragua.

Dipilto municipality, located in Nueva Segovia dep#ent, was severely damaged by Hurricane Mitchiarahe of
the most vulnerable to mass movements in Nicardguang Hurricane Mitch, hundreds of landslideskdalls and
debris flows occurred. Following this event, theridslides’ section of the department of geophyaicNETER
studied, for the first time, the triangular areanfed between El Volcan, Cerros, Volcan Viejo andMgjon de
Matasanito (Devoli et al., 2000). Subsequentlyd0122002, COSUDE-ALARN project enabled the creatda risk
analysis report for Dipilto and the production diazard map, at a municipal scale, in order taugbddn planning.

For this pilot project, we decided to study the saamea as the previous INETER study. COSUDE iseptoj
coordinator and provides the finances. Three demants of INETER (geophysics, meteorology and gegdesre
mandated for installation phase, providing botheriat and human resources.

Objectives of my field work

The design and installation of a landslide monigsystem consisted of the following steps:

« Provide recommendations for the location of the tradlequate sites for meteorological devices (plueiter
and pluviograph);

« Design the geodesic network which will help in meag) the movements of the sliding masses (horatnt
and vertically). This included the choice of thetimum locations for the construction of the survey
monuments and the supervision of their installation

« Provide advice for the setup of scarps monitoriagices in particular areas, with considerationhigirt cost
and technical feasibility.

In this CERG thesis, | will try to integrate thesuéts of the field work within aisk evaluation framework. The first
part of the report describes the target area (g@bgral, socio-economical, climatological, geoladjic
geomorphological and hydrological characteristid$)e second part deals with risk assessment inoGgri/olcan,
l.e. hazards and vulnerability assessment. Riskgatibn measures, in particular elaboration of fEaNarning
scenarios, will be presented in the third parhdf teport.
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1 DESCRIPTION OF THE AREA

1.1 Geographical situation

The municipality of Dipilto is located 240km Nortf Managua, in the central-north part of Nicaragua in the
north-western part of Nueva Segovia departmeris hordered by: to the north, the Republic of Haadu to the
south, the municipality of Ocotal; to the west, thenicipality of Macuelizo and to the east, the mipality of
Mozonte 6ee figures 1 and)2

OCEANC
ATLANTICO|

‘OCEANO PACIFICO

Figure 1 Political map of Nicaragua

Figure 2 Map of Nueva Segovia Department and localisatibBipilto.



For the pilot project, we chose to study the sautist sides of Cerros Volcan Viejo, the flank of I©eEl Mojon de
Matasanito and the flanks of Cerro Las Nubs=e(figure ® This covers an area of about 4kiihe region is the
highest of the country with a steep mountainouefr¢being part of the Cordillera Dipilto and JadpThe altitude
varies between 1200 and 1800m. Two tributarie¥/ditan in the south and Las Nubes in the norti i@ Tablazon
quebrada and form steep narrow valleys, typicattiermountainous area.

N\
N 3
Figure 3 Localisation of the area selected for the rediiaa of the pilot project METALARN (inside the ggalygon).



1.2 Demographic and socioeconomic aspects

1.2.1 Demography

Dipilto municipality made a census of its populatim ‘Plan estratégico 2001-2004'. Total populatien4,457
inhabitants of which 675 inhabitants (14.70%) linairban areas and 3930 (85.30%) in rural areasestimated that
population increased by 3.5% between 1971 and 1P6pulation density is about 42 inhabitants / Kitfe areas
studied (Dipilto Viejo, El Volcan, Las Nubes, and Tablazén) consisted of the following populations:

Settlements Population Number of houseg % Population of Dipilto
municipality

Las Nubes 40 24 0.87

El Volcan 389 19 8

Dipilto Viejo 660 111 14

La Tablazon 281 18 6

Total 1,370 172 28.87

(Source: Dipilto municipality 2001-2004)
1.2.2 Housing

There are approximately 828 houses of all congtmidypes within Dipilto municipality (with an avage of 6 people
in each). Most are of adobe construction consistirgtraw ceilings and clay tiles. More than 60%he& houses have
been strongly affected by Hurricane Mitch.

Number of house| Brick without iron Mixed Adobe Woods % affected by Mitch

828 3% 20% 64% 13% 61.7

(Source: Dipilto municipality, 02/2001)

1.2.3 Economy

Agriculture is the most important sector: 56% of families depend on self-production, 10% are deditto cattle
for self-consumption and the rest are working wheetp is needed (non-salaried activities). The n@ops are
coffee, bananas (no less than 8 types were coumtadield next to the Cooperative), beans and .cGoffee plants
are the most numerous and constitute an importants for exports. There are over 4470 plantatioos)posed of
the following:

Cultures Bananas Coffee Beans Corn
Number of plantation 300 4000 140 30
Percentage 7% 89% 3% 1%

(Source: Caracterizacion Cuenca del Rio Dipilto @$AF, 2001)

1.2.4 Health

There are three small medical centres in the mpaility located in Las Manos, Dipilto Nuevo and DupiViejo.
Medical staff consists of two doctors who visit le@entre weekly, 4 auxiliaries and 24 health brggad

1.2.5 Education

There are about 1300 pupils, 40 teachers and I®kcfmainly pre-schools and primary schools). Mdslidren go
to school either in the morning, afternoon or emgraind spend the rest of the day working in thiel§ieln the most
remote parts of our area, children have difficsltie join school because of difficult access (eslgcduring rainy
periods) and the amount of work required for subarse.



1.2.6 Water and sanitary aspects

Drinking water is only accessible in the urban arefDipilto Nuevo and Dipilto Viejo. Where we wewsorking,
water is directly taken from the El Volcan and Idigbes rivers and quebrada La Tablazon (see §1-6otbgy).
People use traditional latrines.

1.2.7 Telecommunication

Only two telephone lines, one at the municipaliffyce in Dipilto Nuevo and one at the migration posLas Manos.
Access to these lines is limited. Radios are sonetiavailable however, as we experienced durindiehee work,
communication is mainly by direct contacts or bypding over the valleys! These systems proved teffective,
however time consuming...

1.2.8 Energy

Energy services are, once again, limited to urlbaasa Outside urban areas, people burn wood fdirgoand
arrange their daily lives according to natural tighaylight from 6am to 6pm, almost all year-round)

1.2.9 Access roads

The main access road is the Pan-American HighwaghMinks Dipilto and Las Manos at the Honduran dsot
Access to our studied area was possible througétwonk of unpaved roads and access can be diffikuing the
rainy season. A 4-wheel drive vehicle is esserfiablic transportation is available on the mairhiigy. Otherwise,
transportation is mainly by bicycle or on foot ahlilicky, people can get a ride from the few vebgcpassing.

1.3 Climate and precipitation

The area is characterized by a Mountainous Sulatabplimate. Average annual precipitation runs leetmv1000 and
1200 mm and temperatures around 24°C. Rain isdislibuted throughout the year. Three meteoroklgitations
are already setup in the area: Las Planos (Las $Jaha Laguna (Dipilto Nuevo) and Ocotal. Since 89&ecords
show a strong variation of total precipitation witike years. During some dry years (1972, 1992, 1984 area
received only 400 to 600 mm of rain, while in 198870, 1989 and 1998 it received 1400 mm (in 199&e 38" of
october 800 mm of rain were recorded, due to Harriglitch). There is some local variation as welglobally rains
more in Las Manos, (1400mm per year) than Dipdtb60mm) as Las Manos is higher in altitude (1208bove sea
level) than Dipilto (800m). The wettest months fmmm May to October generally with a peak in Sepiem The
chance of hurricanes forming is high in Septembeteer.

1.4 Geology

According to Garayar (1971) and Fenzl (1989), tteaatudied is part of Palaeozoic and MesozoiddPhas (North
Geological Province) which comprise a large pamafthern Nicaragua. The basement of the proviadealaeozoic
metamorphic with intrusive cretaceous rocks, cavére sedimentary rocks from Cenozoic/Mesozoic #gecludes
the older rocks found in Nicaragua (250 million rgeald) with the presence of quartzite, schist,amiand other meta-
sedimentary and meta-volcanic products from redionatamorphism. According to Zoppis Bracci (196it)e
cretaceous intrusion is estimated as being 83 &y/million years old. It mainly consists of granitbiotite,
granodiorite, quartzo-monzonite and quartzo-did@arayar, 1971). In the Rio Dipilto valley, ther@eoic/Mesozoic
rocks are mainly composed of permeable deep sahdarglomerate deposits, .The main tectonic strastare from
the metamorphic basement: with schistosity plameslimeation. The area of Dipilto is consideredoto seismically
active due to the presence of local geologicalt$adlhe majority of the seismicity has its origma fault passing
below the Rio Dipilto valley and oriented NW-SE. iN@lly the events are relatively small and are dalyin the
vicinity of the hypocentre.

During the first two days of the field camp, Miridbowns and | were accompanied by Gerardo Silvapgest at the
department of geophysics at INETER who is mand#&deproduce a geological map of the area. By walkipgel
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Volcan quebrada up to Cerro El Volcan, it was obseiithat erosion is very important and numerousragiuebradas,
up to 20m high were also preseseé photo )L

Photo lQurada El Volcan showing the ighdegree obieno.

On the south side of the quebrada, schists areopriednt. They present a fluid texture. Foliatiomresponds to a
parallel orientation of planar and lenticular comeots, giving a laminar structure. Schist suffeosnfthe intrusion of
plutonic rocks. On the north side, rocks are maafijard granite with numerous fractures. In gehepanite is of
grey colour and has biotite (fresh condition). Wheey are near to plans of diaclases, their coleuclearer
(silification and hydrothermalism). The materialdsntinuously eroded and is constituted by rechyatal granite

(sandy soils)gee photos 2 and.3




Photo 3 Fractured granite on the s olcan qua

However, geological structures are not well unadetand one will need more field work to determimeletail the
main characteristics.

1.5 Lithology

About 70% of the soils have a clear sandy and l&y xture. These soils are very acidic (pH <4v@jh less than
1% of organic material and low water retention ciya(<5%). Biomass is low as well as regeneratiapability.

Evolution of these soils is incipient and geneticizons can't develop. Two groups of soils are olxsg#, one with
fresh material and one as a product of soils styozrgded.

- The first group has a medium texture and obscateur. Depth is very superficial; soils are strigngroded due to
bad use. Topography is steep (gradients > 30%).

- The second group has a sandy texture, 20-40 em. déaterial of origin (granitic rocks) has been@ogized and is
covered by a layer of sand. Associated topograplsyeiep, with numerous quebradas. Main vegetaianpines and
natural fields. This type of soil has been encawatén the north part of quebrada El Volcan (sed &eology).

1.6 Hydrology

Dipilto municipality is located in the Rio Dipiltavatershed. In general, the relief is very rugged @mout 70% of the
watershed consists of quebradas and steep slopeshylrological system is formed by a main riveio(Ripilto),
secondary rivers and quebradas. These quebradasoargainous rivers characterized by high slopdeatayound
13%) and only 3-5 km long. The hydrological netwodktains the following:

Rivers Maximum Minimum | Slope angle (%] Length (km)| Order
altitude (m) altitude (m)
Rio Las Manos 1200 900 3.75 8.0 1
Quebrada La Tablazén 1300 840 11.5 4.0 1
Cario Las Lagunas. 1400 860 10.8 5.0 -]
Rio Dipilto. 1500 760 9.8 7.5 2

Quebrada La Tablazén originates from La Tablazdtleseent and is formed by the confluence of sevestart

tributaries, such as Las Nubes, El Volcan, El Trayad Orocuina. This small network is very impottaas it can

transport large quantities of sediment from the imgpwmasses of Cerro El Volcan. As the slope anglderiver is

high, during high intensity short duration hydrdkad events, energy of transport is high and camseaserious
damage to people, infrastructure and natural ressuiT herefore, creation of a monitoring systemBady Warning

system in the area is of high priority (this wik bliscussed fully in the next chapter). These lsodfevater are also
used for human consumption. However, their quatitpad as they are often filled with organic wasied with

sediments from Cerro El Volcan.
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2 RISK ASSESSMENT IN CERRO EL VOLCAN

2.1 General definitions

First of all, it's necessary to provide definitionsthe terms used in this study. The project bgdoto a long term
project which aims at reducing the risk of disastBisaster risk reduction is “the systematic development and
application of policies, strategies and practicesntnimise vulnerabilities and disaster risks tlgloout a society, to
avoid (prevention) or to limit (mitigation andpreparednes$ adverse impact of hazards, within the broad cdrdg
sustainable development” (United Nations, 2002).ghe a general view of the framework, | have iddd the
following schema (United Nations, 2002).

FRAMEWORK FOR DISASTER RISK REDUCTION

CONTEXT: / \

SUSTAINABLE P }TW . l]?ss
DEVELOPMENT or change in behaviour

-

#Socio-cultural KNOWLEDGE
e Poliical 1 | pEVELOPMENT
01*:ctmrnmc el ducation, training
elicosystems eRescarch
eInformation
RISK FACTORS A
Vulnerability
#Social ‘
el'conomic
ePhvysical Vulnerability/
vi -apability PUBLIC
ek nvironmental 'e’ capability Y
analysis COMMITMENT
H 1 —a| RISK ASSESSMENT
azards "
*Geological I and analysis elnstitutional framework
sHydrometeo- E Hazard I\ Ol’olir._')-: L‘l'uvulopmcnr
rological analysis o] egislation and codes
sBiological & monitoring

o’ Technological

l \

APPLICATION OF
RECOVERY - RISK REDUCTION
MEASURES

sEnvironmental management

RESPONSE e[ and use planning

ePratection of critical facilities

eNetworking and partnerships
\ el“inancial tools

PREPAREDNESS | EARLY WARNING

My contribution in Dipilto was, of course, too litad to cover the entire subject. In the next chraptewill try to
assess the risk in Cerro El Volcan area and biiergents for risk reduction measures.
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Risk assessmenis “a process to determine the nature and extemgloby analysing potential hazards and evalugatin
existing conditions of vulnerability/capacity thaiuld pose a potential threat or harm to peoplepenty, livelihoods
and the environment on which they depend (elenanisk)” (United Nations, 2002).

Stages of risk assessment
R IDENTIFICATION OF RISK FACTORS
I
S HAZARD VULNERABILITY/
K CAPACITIES R
I
A
N Determines Determines S
A geographical susceptibilities =
L location, intensity & capacities A
Y and probability S
S s
I E
) Estimates level of risk S
S
Evaluates risks M
E
Socio-economic cost/benefit analysis N
Establishment of priorities T
Establishment of acceptable levels of risk
Flaboration of scenarios and measures

By going deeper, we can provide the following défans (United Nations, 2002):

* Hazard is “a potentially damaging physical event, phenoomear human activity, which may cause the loss of
life or injury, property damage, social and ecorouisruption or environmental degradation”. Hazacda be
single, sequential or combined in their origin afiécts. Each hazard is characterised by its locatntensity and
probability.

* Elements at risk means the population, buildings and civil enginegrivorks, economic activities, public
services, utilities and infrastructure, etc., skiin a given area.

* Vulnerability is a “set of conditions and processes resultinmfphysical, social, economical and environmental
factors, which increase the susceptibility of a oamity to the impact of hazards”.

Finally, therisk is defined by “the probabilitpf harmful consequences, or expected loss (o8 lipeople injured,
property, livelihoods, economic activity disrupted environment damaged) resulting from interactitetween
natural or human induced hazards and vulnerabldittons”. We can express the total risk by thedwaiing equation:

Risk = Hazards * Elements at risk * Vulnerability

Therefore, assessing the risk in Cerro El Volcaaaneans first assess the hazards (descriptitre ghenomena and
the monitoring systems), identify the elementdsikt and assess the vulnerability.
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2.2 Description of the hazards

Even before the heavy rains of October 1998, topes of Cerro El Volcan were highly susceptiblentajor
landslides and debris flows due to their steepdoghy, fragile soil, presence of underlying faaltel unstable rock
material. Two weeks before, two small landslidesewgitiated by heavy rains and degenerated intmntandslides
with the hurricane. Although relatively unpopulatéide impact of the instability was great, espégiah the local
agriculture. The destruction of coffee, bananascamd fields was a disaster for the local poputatia addition many
houses were damaged. Landslides and debris flamvenainly rainfall-induced but can be earthquakestedl due to
the seismicity of the region. An earthquake, evemedium magnitude, could trigger important masyemoents if it
occurs after or during periods of heavy rains. fiaeards will be more described in the first parthd$ chapter.

To better assess these phenomena, forecast tloeir@cces and be able to take preventive and nidiganeasures,
we have to determine a) how the mass is constitaeldevolves, b) give an estimation of the velesitidepths and
directions of the movements and c¢) determine thigalrrain intensity as rainfall is the main trigning factor. This is
to be achieved by creating a complete but simpleitaong system. The second part of the chapterdeicribe the
methodology used to setup the meteorological armtegc monitoring systems. In the third part, Ilvidfing
suggestions for improvement and development ofrtéinodology.

2.2.1 Landslides

Before Mitch, the landslide was only rotational.eTheavy rains of 1998 subsequently weakened tlee aarée the
landslide evolved into complex, mixed and permampiienomena. Several compartments are now isolatké\alve
differently. The total unstable mass occupies thteree west flanks of Cerro El Volcan and Cerro MojDel

Matasanito. Its extension is great, about 3 kmtlersgnd over 500m in elevation. During the field kothe most
active areas of the landslide were identified: Faveas on the west flank of Cerro El Volcan Vidjer(ceforth called
compartment 1 to compartment 5 respectively) anel @mpartment on Cerro Mojén Del Matasanito (heortief
called Arado). Sefigure 4for compartments locations aptioto 4for a general view of the area.

Figure 4 Localisation of the compartments (Arado in blaCl, in purple, C2 in yellow, C3 in white, C4 in green &%lin orange).
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Cerro Volcan Viejo (1867m)

Cerro Mojon del Matasanito
(1681m)

Photo 4 General view from La Tablazon with the comparttaemd localisation of the Cerros.

From the south to the north:

Arado is a rotational landslide located on the westéwpesof Cerro Mojon del Matasanito (see photo Bshbws a
high degree of activity indicated by numerous ssarguperficial movements, debris flows and coladéss

movement could affect the numerous cultures of &c&n. It was initiated by Hurricane Mitch and ®cess is in
acceleration. There are associated debris flonthenfrontal and lateral parts moving the directmfnEl Volcan

quebrada. There are tall plants (up to two metigits) land trees growing on the landslide.

(s > -

Photo 5 View of Arado. The main scarp is 6-8m high, al®Qm wide. The black line indicates the limit cftable zone.
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Compartment 1 is an active rotational landslide with scarps 34dgh and 50m wide .It has associated debris flows
from its lower part. It is separated from Arado @othpartment 2 by stable areasd photo 6

Photo 8 View of the top of compartmentl located belowr€&il Volcan Viejo (from casita).

Compartments 2 and 3are superficial movements with scarps 3-5 m hiffhere is no evidence of rotational
movement. We observe numerous quebradas and olds ddws in contact with grey, fractured and adigbr
metamorphic rocks. The soil is meteorized, of pigkour and has high clay content. There are natreely tall
plants. Se@hoto 7for a general view of the two compartments, thkeatos 8 and $or more detailed view.

Photo 7 Global view of compartments 2 (right) and 3 (léfom Cerro EIl Torre.

14



Photo 9 Compartment 3 with superficial movements, oldgs@nd quebradas. View from El Torre.

Between compartments 3 and 4 we observe three $aegps with associated debris flows. It was nesitde to
examine these areas as they were too high andwleeeeno access routes.
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Compartment 4 is located just above the Cooperative El Volcaee(photo 10 This is a rotational landslide: it is
deeper than compartments 2 and 3 and is surroungédo small quebradas which, during Mitch, brougdhbris
down to the Cooperative damaging the house (fortiynpeople were evacuated beforehand).The scagest to the
Cooperative is 5-10m high and 100m long. We obserary inclined trees and the slopes are steep.

Photo 10 View over compartment 4 from the hill above theperative (located on the left bottom).

Compartment 5is a superficial rotational landslide which haeslent directions of movement in its upper anddow
parts éee photo 1)1 There are intrusive rocks with a high degrealefradation. Here also, trees are inclined and
slopes steep. Scarps are 5-20m high. The wateemoisthigher than in the other compartments antesareas were

very wet.

Photo 11 Viw over compartment 5 from the little churchyitla) in Las Nubes.
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2.2.2 Debris flows

They occur frequently and their effects on the falions and settlements were disastrous with Milehgeneral,
generation of debris flows is associated with nwuasrand simultaneous landslides that bring materitile riverbed,
which can be dammed. When this temporary dam istaweed or fails, the retaining mass of water iddsnly
released, carrying the solid materials accumulatetiremoved from the riverbed. The transported rrassls with
high velocity (1-10 m/s) and further away than lglittes. In order to forecast the occurrence ofveame an additional
objective of the pilot project is to understandiéetind recognize the conditions that trigger dethows (Kanji et al.,
2003). In our studied area, the main conditiondreguent occurrences of debris flows are presemherous paths of
old debris flows are observed, in particular onwlest, steep and eroded flanks of Cerro El Vol¥ghen walking up
quebrada El Volcan, we noticed that the riverbefilled with sand, gravels and small rocks on awér and flatter
part and with bigger blocks (pebbles and bouldersijts higher and steeper part. Locally, the streamery narrow
and almost blocked by loose material (rocks anes)eThese debris flows would be channelled thrdeigkolcan
and El Nubes quebradas, into the Rio La Tablazdrfiaally to the low part of watershed of Rio Dipil

2.2.3 Seismicity

Dipilto municipality has been strongly deformed idgrthe different phases of its geological evoluti®ue to the
presence of the system of faults, oriented NW-8E,zbne is classified as having medium seismisige (figures 5
and 9. Several seismic stations setup by INETER coalflguecord the seismicity of the area. Historidata show
that recorded earthquakes are superficial (epicémtated 4-5 km deep) and with a moderate magei{Ge#4 on the
Richter scale). During one of the strongest eadkegs (magnitude 3.9, recorded on th& a8flmay 1997), several
buildings were damaged. According to Keefer (1984¢, smallest earthquakes likely to cause landslate about
magnitude 4, which is close to what has been recbid Dipilto area. Most of these landslides arekrfalls, rock
slides and disrupted soil slides (soil which coifinem steep slopes, travels at high speed and fdepssits at or near
the bases of slopes) and are initiated with pdetfameteorological conditions. We can thereforekithat a moderate
earthquake happening after and/or during importamfall could initiate superficial movements andfows
therefore this hazard has to be considered.

§8°40" §8°00" 87°20" 86°40" 86°00" $5°20" §4°40" $4°00" $3°20'

88°40" 88°00° 87°20" §6°40" 86°00° 83°20" 84°40" $4°00" 83°20"

Figure 5 Zone of seismic hazard in Nicaragua (INETER, 2001

87240 87200 86720 85240 85200

872440 87200 86°20" 85240 85200

Figure 6 Seismicity of Nueva Segovia department (INETBR1
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2.3 Hazard monitoring

In the present section, | will describe the methogyp used to design and install the monitoring exysof the different
compartments composing the unstable mass of Céruolean Viejo. On a first place, we will concertgaonly in

meteorological and geodesic monitoring (see detditsrganisation of the work iAnnexe L Eventual utilisation of
other methods will be discussed at the end. Theapation of the field work consisted of the prehamy visit on site,
the inventory of the working material and the oiigation of the field work.

2.3.1 Preparation of the field work

2.3.1.1 Preliminary visit

On the 2% of August, Miriam Downs (COSUDE), Olivier Latelt{ilead of the section ‘Geologic Risks’ of the Swiss
Federal Office for Water and Geology) and | drowehte municipalities of Dipilto (Nueva Segovia ddpzent) and
La Trinidad (Esteli department) to determine whicha should be studied. In Dipilto, two sites scibje large mass
movements were visited. Firstly the complex lamtéslat Cerro El Volcan Viejo, and secondly asentatni€San
Agustin which is subject to rock falls and landskdand where the municipality plans the constroatio200 houses.
In La Trinidad a hospital and school are highlyesgd to rock falls and debris flows.

After this visit, we considered that the unstabksmof El Volcan in Dipilto was more appropriatetfte pilot project
because of its complexity, the variety of monitgrisystems required and the fact that Dipilto is oh¢he poorest
municipalities in Nicaragua and is, therefore, ianity zone.

2.3.1.2 Inventory of working material

Back at the office, we tried to collect all infortizan we could find about the area and previousietud

* Maps

The most accessible map is the topographic mapupestlby INETER at a 1:50,000 scale. The studied isreovered
by two maps; in the west by “Dipilto 2857-11" and the east by “San Fernando 2957-111" These mapsram the

Region I, Departamento de Nueva Segovia seriesseltvere compiled in 1963 and updated in 1989 tdecthe

levees of 1960, 1978, 1981 and 1988. Both wereymed BEFORE the occurrence of Hurricane Mitch iA8l&nd

are therefore NOT up to date. We observed thatraken@ads and trails no longer exist and that sdveew ones have
been created. Furthermore, according to the loopllation, some locations are not correct, whidtiailly caused

some confusion.

The maps use the UTM projection and the Nor-AmariCantral datum from 192RAD27-Central.
Important Remarks  In our future descriptions, we will use the readdtions ¢ee figure Y.

* La Tablazon on the map is, in reality, Las Bromas
* El Naranjo on the map is, in reality, La Tablazon

(L e

Figure 7 Correctio
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Spatial maps (number 2857 and 2957) at 1:100,08l@¢ sxist. These are produced by the ‘Servicio dgaafia’ of
INETER department of Geodesy (contact Mr. Noel Ram)i These are available on CD’s but are exper(siveut
50$US each) and were produced in 1997, BEFORE M##éer inspecting these we decided not to use thsrthey
do not present any more information than the pagergraphic maps.

e Aerial photos

Very few aerial photos are available. The only ofmsd at INETER’s ‘Archivo Tecnico’ are from 198af a
1:40,000 scale. Furthermore, they cover an aredatosouth of our studied area to be used effibjef@ur zone is
very close to the border with Honduras and it waispossible to survey it in 1981). However, herarisexample of
one aerial photosge photo 12

Photo 12 Aerial photo of Dipilto area (scale 1:40,000; 193

The USGS (United States Geological Survey) producady aerial photos after the Hurricane. Howevesé¢hare all
too far to the south or west of Dipilto to be oéus

* Previous studies

As stated earlier, two main studies exist: the firse was produced by the ‘Landslides’ sectionhef department of
geophysics at INETER (Devoli et al., 2000); theosetin 2002 by COSUDE, SNPMAD/PNUDD, under the ALMAR
project. This analysed all natural risks in the royality and made proposals for disaster redusti@OSUDE,
2002).
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2.3.2 Installation of meteorological instrumentations

2.3.2.1 Goals

It's essential to get long-term reliable data frhva two meteorological stations in the Cooperasind La Tablazon.
By correlating daily, weekly and monthly data witess movements, it will be possible to assess watwithe
conditions which trigger landslides and debris #oand what are the threshold values. Return peobdlse rains
should be integrated.

2.3.2.2 Instrumentation

Meteorologists from INETER present for the setupr.(Maul Flores, Luis Oliva and Mauricio Rosales &es)
recommended the installation of two pluviometerd ane pluviograph for this project.

2.3.2.3 Type of information

* Monthly total precipitation

The pluviometergee photo 13collects the rain in a graded tube. Every daytdl@ precipitation (in mm) is recorded
manually. At the end each month, we calculate die tain precipitation (in mm) and determine thanber of days
with and without rain: This will help to detect tla risk’ months (in particular the wettest ones).

Photo 13 Pluviometer in El Volcan cooperative and myself.

¢ Rain intensity

A pluviograph will give a more complete and prease of informationgee photo 14 This is recorded automatically
(on paper) and indicates the intensity of the pitation (measured in mm/unit of time) by showingem the rain
started and stopped and how much rain fell dulimgyperiod
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Photo 14 Detail of the pluviograph setup in El Volcan ceogtive.
Below the paper, is the needle which records thewarhof rainfall collected in the tube as a funatiof the time.

2.3.2.4 Selection of the sites

The first site selected was the Cooperative in Blcen where we installed a pluviograpte¢ photo 16and
pluviometer. Here, there is a permanent settleroémtbout 20 people and it is directly affected Iy &andslides
and/or debris flow. The hacienda was partially @g®td during Hurricane Mitch in 1998. The peoplel feery
concerned and are keen on helping us. Accordinfpedocals (and verified by us during the field Worthis site
receives more rain than Dipilto and areas locateithér down. This is due to its location surrountigdigh summits.
Clouds get stopped by these high summits and digetibe rain.

There are already three meteorological statiorthénarea, in Las Planos (next to Las Manos), LauhagDipilto
Nuevo) and Ocotal. The other pluviometer was seam@y from the unstable zone, in La Tablazon apprately
3km west from the Cooperativege photo 16 Added to the existing stations, data interpolatiill be more accurate
and information about the behaviour of the studiede more precise. Below are the coordinates ofthigons in
Latitude/Longitude and UTM (datum NAD27-Central).

Position Code Coordinates in degrees UTM Coordinates | Altitude
North West Northing Easting| inm

Cooperative METEO1 N 13.7505246 W 086.4951784 \%).| 554.575 930

La Tablazon METEO2 N 13.7599975 W 086.5163192 153.| 552.287 1240
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Photo 15 Pluviograph in El Volcan Cooperative (surroundeg Saul Flores and Miriam Down).

[

hoto 16 Pluviometer in La Tablazon.
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2.3.2.5 Construction

The instruments were simply cemented into the gilotminsure their stability. A protective barrieasverected
around the instruments at the cooperative to ptewearference from children and animals. Theseiéa were
installed by the owner of the cooperative and &tadiof a wire mesh fence supported by wooden fssésphoto

18). It was not necessary to install a barrier inlladblazon $ee photo 16

Photo 17 Construction and setup of the meteorologicalistatit the Cooperative.

2.3.2.6 Tasks
Information for both instruments is retrieved atri7aach morning. In the case of the pluviometer $mug records
on paper the height of water collected in the uratnt (in mm) over the previous 24 housed photo 18 The
pluviograph creates of a graph on paper indicatiegntensity of precipitation for 24h, from 7ameotlay to 7am the
next. This graph has to be changed daily at 7amryBMonday the instrument is reinitialised for theek by turning

a key 8 times in clockwise direction.

2
i
?:
y
3
|
1
|
1
i
3

Photo 18 Every-Morning task for Don Guillermo Montenegnadahis children (at 7am).
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2.3.2.7 Training

The owners of the land in La Tablazon and El Vol€Caoperative will be in charge of the daily mairgece and to
transmit the information to INETER. They have béetined to use each instrument by someone from BTN
addition at the cooperative, two other people tese been trained: José Ramon Marchena from tliedeifence and
Don Antonio Montenegro. This will insure the contity of the observations if the owner is unablg¢gee photos 19
and 20.

When | left, no radio was installed in the statiofkeir setup is important in order to insure R@ak transmission,
regular quality control of the data and as warnirsgrument.
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2.3.2.8 Interpretation of the data

Rainfall-induced landslides and debris flows argg&red under different conditions of precipitatiehallow slides
and debris flows mainly occur under intense andtsiains (minutes or few hours) after a precediagaga of rains of
smaller intensity while deep-seated landslidesespond generally to less intense but longer pragipn (in days or
weeks). In general, it's considered that rainfathleout 1mm/min during several minutes followingexiod of rains of
larger duration and lower intensity is enough igger debris flows. More than 125mm of accumulatgic in a
month can be considered as a potential threatewhdire than 250mm of rain is very dangerous (Moh\&ahrson,
1994).

When data will be available, they could be analyzedescribed by Kanji et al. (2003) who plotteduaculated rain
against respective time causing debris flows anddides. He determined ajraggering line which defines the limit
between rainfalls capable of inducing landslided tinose that are not; b)generalized landsliddine showing great
probability of landslides with possible occurrerafedebris flows and c) aatastrophic line describing the highly
catastrophic occurrences always developing dehlmigsf Determination of these lines could help ttugeEarly

Warning systems for the population, in particutargeople living in the Cooperative, located on la¢h of the debris
flows and at the foot of a deep-seated landslide.

2.3.3 Installation of the geodesic network

The installation of meteorological stations waselby INETER department of meteorology and we jasiegadvices
about the most adequate locations. Most of our vberfiore and during the field work was about thegfeand the
installation of the actual geodesic network. Thishe first time that a geodesic network has betmpsin Nicaragua
to survey and monitor a large unstable mass.

2.3.3.1 Goals

Monitoring of a landslide with geodesic measuremeénessential. The goal is to detect any displaceifvertical and
horizontal) of points located on an unstable maslation to fixed points located in stable zorHss will give us
information about the directions and velocitiestttd mass movements. Relating this data with meliegioal data
will improve our understanding of how the companttsemove and the mass behaves. Ideally, the measote
should be taken automatically and in real-time, éosv this would be very expensive too. As this tgpwork is new
in Nicaragua and the cost of the installation maestlow, a more practical approach is to setup tigvork and
perform survey measurements at regular intervaggjdency of the surveys will be then discussed.

2.3.3.2 Design of the network

e Principles

The design of the geodesic network is based onogegrdone in Ecuador by PRECUPA-CSS (Cooperation
Switzerland - Ecuador). It consists of three parts:

« Primary ordernetwork, with 3 points of reference, located irbfgaareas and linked to the national network.

e Secondary ordenetwork, with 3 points, in stable areas, from whtbe geodesic network of the unstable
zones will be linked (basis for the monitoring).€BR points are visible to each monument on theahlest
compartments

* Thenetwork of thebserved pointavhich consists of several survey monuments it eastable area. A total
of 11 points were erected on the landslides.

Measurements will be done using a Leica SR399 rdiffital GPS and the expected precision is 1mm. kode
differential GPS is a highly developed and accusyem and we chose to use this method rathertthditional
triangulation methods. Satellite visibility was ekent with generally 8 satellites in view.

¢ Code used for the designation of the points

Survey monuments were named using the followingsod
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PD- = Primary Dipilto;
SD- = Secondary Dipilto;

VD-x-y = Volcan Dipilto = for the five compartmentsclated on the south-west flanks of Cerro El Volcan:
* x denotes the number of the compartment, from 8, from the South to the North;
*y denotes the number of the point inside eachgartment, incrementing from higher to lower altgu@or parts
1, 4 and 5) or from south to the north (for part 2)

AD = Arado Dipilto = for the monument located on #waith flank of Cerro Mojon de Matasanito.

METEO1 = meteorological station in The Cooperative.
METEO?2 = meteorological station in La Tablazon.

¢ Location of the monuments

Primary and Secondary order

The first step was to setup the primary and seaynataer networks to which further observations bariinked. To
reduce uncertainties in further measurements, Btpare used for each network. At the time of wgtithe
coordinates obtained by the department of GeodeSMETER were unavailable. Preliminary coordinatégained
using my own handheld GPS are giverAimnexe 2 These networks are only necessary if measurenagatsione
using traditional triangulations methods. There evéiree stations of primary order (from the natiomatwork)

already installed in the area. One in Dipilto nexthe main road to Las Manos, one on the top ofdJel VVolcan and
one on the top of Cerro La Picona, next to Las Mamm the Honduran border. The monument on El Volsa
inaccessible due to the presence of mines on therigtopes and could not be used. La Picona iseaborder and
would cause border crossing difficulties. It iscatovered by trees and therefore could not be u3ely. the one in
Dipilto (2857-11), next to the main road, was egpsiccessible. For the other two points, one wasemmext to Las
Manos, on the slopes of La Picona (PD-1) and omieeasmall chapel (PD-2). The points of secondadgoare closer
to the target zone, on stable areas. The furtlseshia hill in EI Manteado (SD-1) and the other timser to the
landslide, on the crest above the Cooperative artltn the school (SD-2 and SD-3 respectively). fipre 8below.

5
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Figure 8 Localisation of th
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e points of primary (in red &mes) and secondary o
The meteorological stations are in blue.
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Tertiary order

During the campaign, we walked through each compent in order to determine the most adequate pasitr the
geodesic monuments. Where possible, we positidmed in the most active parts, above and below thie scarps
and where the movements are the most evidentvérabscarps were present, we installed severaluments in
order to detect the respective movements in thispestment. The coordinates are Annexe 2and the locations
shown infigure 9 From all tertiary monuments, we can see two gadfitsecondary networks. It's not important if we
only use differential GPS for the measures but didnal necessary if using traditional triangulatiogtimods.

=
e
Figure 9 Location of monuments within the compartmentsugésl the same colours as for figure 4 to drawctirapartments:
Arado in black, Clin purple, C2 in yellow, C3 initeh C4 in green and C5 in orange.
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Arado

There is just one monument in this compartmentedaliD-1 &ee photo 21 There are two routes of accesses; one
from la quebrada EIl Volcan along the crest to theélsand one along El Torre crest, south of thepecative.

Cerro Mojon del Matasanito (1681m)

o4
£

P

“Photo 21: Localisation of the monument in Arado compartnedrave the most imortant scaifthe black arrows indicate the
direction of the mass movements.
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Compartment 1

Two monuments (VD-1-1 and VD-1-2) have been sediypye and below the main scarp located at thelgtageen
Cerro El Volcan Viejo and Mojon Del Matasaniseé photo 22 There are also movements higher up but access is
prevented by the presence of land mines Many haea bemoved since the end of the war in 1990 kantplwere

not mapped and, in addition, were remobilized bseaof heavy rains and landslides (especially witticih).
Therefore, the upper zone is still not clean aischibt safe to explore.

Cerro Volcan Viejo (1867m)

X

Photo 22 Localisation of the monuments in compartmentHese are called VD-1-1 (high) and VD-1-2 (lower part).
The black arrows indicate the direction of the maesements.

29



Compartments 2 and 3

There are three monuments, two in the second cameat and one in the third, respectively called ¥4d; VD-2-2
and VD-3-1 §ee photo 23 We were unable to setup more points becaussadeeery difficult. There is no path; we
have to go first from El Volcan quebrada through torn field then up a steep path created with etashduring the

field work.

Photo 23 Localisation of the monuments in compartmentsd& From right to left (south to north), we haw@-2-1, VD-2-2
and VD-3-1. The black arrows indicate the directadrthe mass movements, the blue lines the direofithe debris flows.
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Compartment 4

This is the most hazardous for people and plamtat@mne as it is located just above the cooperaiiles chose to
setup three monuments, ranging from 1350 to 150€itmde, above and below the main scarps, callethftop to

bottom VD-4-1, VD-4-2 and VD-4-3sg€e photo 24 There is another scarp higher up but it is ieasible due to the
presence of mines.

Photo 24 Location of the monuments in compartment 4. Fropnto bottom; VD-4-1, VD-4-2 and VD-4-3.The blaciows
indicate the direction of the mass movements, lilne lines the direction of the debris flows. On ldfe, we have compartment 5.
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Compartment 5

Two points are setup. The highest is close to dlsmoaperative. There are many coffee and corntptams. It is

impossible to walk further up and to the north (vehthere is the left scarp). Below the lower p&ibt-5-2, there is a
succession of minor scarps which would be good a@aitor. However, there is a high water contenthiese zones
(even in dry weather) and it would be difficultégect monuments.

A

Poto 25 Locatin of the monuments in cmpartment 5. Fo bottom (south to north; VD-5-1 and VD-5-2.
The black arrows indicate the direction of the mamssrements, the blue line the direction of everdehtis flows.
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2.3.3.3 Construction of the monuments

* Primary and Secondary networks

The monuments are cement blocks (surrounded bywousl, see photo 26with a 40cm by 40 cm cross section.
They are painted in white and are 1m high abovergtplm deep. In the centre of the top flat paetasded a nail to
focus the instrument and, above some of them, lay15cm zinc plate to help stabilizing during theasurementsge
photo 23. We achieved the construction of 3 monuments whengeodesic team arrived. Then, we were told that
they were too big for the utilization of the tripadd it would be enough with a 30cm high monum&herefore the
secondary order point at the school is only 30ogh fvith 50cm cementation. The geodesic team thee gdvice for

the construction of the ideal monument; please tefé&Suggestions for improvement’ part further dow

Photo 26 Prparation of the construction of primary andceadary monuments.

Photo 27 Primary order monument PD-2 in the chapel (Lasmas).
With Jose Ramon Marchena, chauffeur Don Marcial #tmde village children.
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» Tertiary network

The monuments are PVC tubes (10 cm diameter),gmhintwhite and filled with cement. These are 4Gagh, with a
50cm diameter cement base. They are up to 1m degypotd the movement of the monument with supeffisiides.

A nail in the centre of the monument representsgiedesic point. For one monument, we used 1 bagpmient
(about 40kg), 6 bags of sand and 40 litres of wakee biggest problem was to carry all the matasalto the
locations, which in general were difficult to aceels some cases, we had to use animals to casgdtphoto 28but,
most of the time, it was done by the men! The feilg pictures ¢ee photos 28 to $3how the sequence in which the
monuments were built during the field work.

N

Phaofo Rigging of the hole t position VD-3 (in
front geologist Gerardo Silva).

34



: ‘ e ;
Photo: 32onchito painting the ‘volcancito’ at thebasetbé monument.

4 ; %

Photo 33 Final painted monument with its name and INETE&Rkn
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2.3.3.4 Geodesic measurements

During my stay, nine triangulations were done teifien accurately primary and secondary staticeg figure 1

PD-1 / 2857 / SD-1 PD-1 / PD-2 / SD-1 852 / PD-2 / SD-1
PD-1 / 2857 |/ SD-2 PD-1 / PD-2 / SD-2 852 / PD-2 | SD-2
PD-1 / 2857 / SD-3 PD-1 / PD-2 / SD-3 852 / PD-2 | SD-3

Although they spent 5 days in the field, the teadm'dl have time to visit the points on the landslid’he next part of
the survey was planned ten days later, from tffetd The 28' of September 2003.

o

B %E TN :
Figure 1Q Triangulations between the st green)
networks. The actual measures are always done bat@@rimary stations and 1 secondary station.

Some triangulations have long and flat shapes, Bike1/2857/SD-1. | am aware that SD-1 would havenbie a
better location in Las Bromas (see the yellow stathe previous map) because less far to the stagles, enabling a
better triangulation and visible from all tertigogints. It could be worth trying again to put a morent after some
negotiations with the owner of the land...

36



Below are picturesphotos 34, 35 and 3&f the installation and geodesic measurementieaschool (SD-3) with
GPS Leica SR399.

/8
Photo 35 Focus over the nail located in the centre.




2.3.3.5 Interpretation of the data

* Type of data collected

The goal of geodesic measurements is to determeictors of displacement each point of the unstable masses. After
two surveys, at each point, we can determine:

- Horizontal and vertical displacements (in mm mc

- Azimuth (in °), i.e. the direction of the moventen

- Horizontal and vertical velocities (in mm/unittohe or cm/unit of time).

After several surveys are done, we can determiaarthtion characteristics of each point and betteletstand the
behaviour of the unstable masses and establishedanaps.Two parameters are used to determine the degree of
dangers in an unstable zone: intensity and prabafilateltin, 1997)

Intensity describes the level of danger for people insideutside their houses and damages to infrastrictiiteere
are three level of intensithigh (immediate danger inside a house and destructidsuitdings), medium (danger
mainly outside, important damages to infrastrugtuaad low (slight danger for people and partial damage to
infrastructure). For landslide, intensity can basidered as low when average annual movementsfargor to 2cm,
medium from 1 to a few dm a year. High intensityoften linked to strong reactivation. Values ofeimsities can
directly be translated into danger clas$as.areas where debris flows can occur, intengpedds on the width of the
layer of material which can be removed. A low irsignis proposed if the layer is less than 0,5meyichedium
between 0,5 and 2m wide and high if more than 2m.

Phenomena Low intensity Medium intensity High intensity
Landslide v < 2cm/an v: dm/an v > 0.1m/day
(v>2cm/an) for superficial landslides
and displacement > 1m by
event
Debrisflows
Potential w < 0.5m 0.5<w<2m w>2m
Real h<1m h>1m
With v: average sliding velocity (on a long term).
w: width of the layer of material which can be mamd.
h: width of debris flow deposits.

Evaluation of theprobability of occurrence (frequency) for landslides is difficbecause these are not repetitive
phenomena like floods. However, active sliding gisaare linked to weather conditions and probahiitgccurrences
of special meteorological conditions. Combinatiénmeteorological and geodetic data will enable @ebestimation

of these factors.

« Frequency of the measurements

Ideally, geodesic measurements should be @weey montrand after special events, likeavy rainfalls therainy
seasonafter unusual ground noise comes from the apggeaance of new scarps, rock falls, presencedofnagerial
in the rivers...If time is missing, we could concemér measuring points which are suspected to mowm&keuevery
months and the other ones only 2 or 3 times a B&dter estimation will be possible at the endhef first campaign.

+ Estimated time for the measures

Differential GPS instrument have to be done foedqu of 2.5 hours on the monuments of primary grék on the
ones of secondary order and 1h for the monumentiseounstable zones. We don't need to locate positdf primary
and secondary monuments each time as these atenae$o be stable. However, they should be momltfyen time
to time or if movement is suspected. If we have enimistruments, time will be naturally reduced. Iwebhave
thought that measurements of the position of tgrtimonuments can be donermaximum 5 days With three GPS,
INETER staff spent 5 days locating points from fhémary and secondary order. They estimate they meéd
another 10 days to finish the measurements. Thiggptnen still on the go.
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| haven’t seen how the positioning of the unstgi@ants was made in the field so it's difficult fore to give more
precise estimation. The time spent is well overfogt estimations. It would be good to review thethod used with
the geodetic team to make sure there is no confusiy have systematic triangulations of primaryg @econdary
networks been done if using differential GPS?)uplidation of measures.

2.3.4 Suggestions for improvement of hazard assessment

The previous parts describe the preparation anangsgtion of the field work as well as the actustallation of the
monitoring system during the field work. The thipdrt consists of providing advice and suggestiansfdirther
monitoring, improvement and replication of the exgeace.

2.3.4.1 Advice for further monitoring in the zone

¢ Other methods

Other type of devices exists to monitor landslidpezometers, extensometers, inclinometers and hysagal
methods. The choice of the methods depends on:

- type of movements present (creep, sliding, falls);

- size of the sliding mass;

- accessibility (steep, flat, wooded, free) and limrabf measurement points (subsurface or surface);

- magnitude of expected movement and degree of erdaregt;

- difficulty and cost of installation.

Extensometers; These would be useful in areas where we haventist active scarps, like lrado, compartments 1,
4 and 5 Most extensometers proposed by geotechnical igupp(see list in Annexe 6) are too expensive and
complicated to be setup in Dipilto. Engineer Clopéte Bonnard, from EPFL (Ecole Polytechnique Fédéda
Lausanne) suggested using rudimentary extensomeige from a line and a bicycle wheel. It's betteuse a line not
sensible to variations of temperature and humidity one in nylon is sufficient. The principle is teeasure the
movement of a mobile point located next to a scatgere the extremity of the line is, in relationadixed point. At
this last point, a bicycle wheel is fixed in a veat plan corresponding to the direction to the proent. Axis of
rotation has to be perfectly stablehe line is passing through this wheel and isnmtzaned by a 5kg weight to avoid
the effects of the wind on the line. When the nmbibint moves, it takes the line with it and theeeliturns. Numbers
can be written down on the spokes of the wheelesaan see the position of the spoke in comparistmaweference
line. The frequency of the measures depends ogphed of the movement and will be more frequertse of bad
weather or unusual behaviour. The precision campb® 1mm.

Piezometers; in compartment 5the area below monument VD-5-2, is saturated waker. We could therefore think
of the setup of piezometers. One could be instaledrea relatively unexposed to major flows. Acliog to Mr
Bonnard, the risk is to measure water levels lothan the actual pressures in the area of the gliglane. An
important thing is to check frequently, a continsioecord being ideal. Prices are variables as well.

Geophysical methods; Once the movements better understood, we shhimék bf using geophysical methods in
particular electric and electromagnetic methoddei®rmine depth of the sliding plane of the larmdsIiWe could then
have a better estimation of the volume of the nmsBesults are normally very good. INETER departman
geophysics could be given responsibility and pwseta instruments have to be considered (checkemnternet for
principles of the methods and ask geophysicists).

Inclinometers; | don’t think that setup of inclinometers hasimconsidered because their installation is dilfiquith
drills, in a borehole) and they are very expensive.

A good reference is John Dunnicliffs book from 898‘Geotechnical instrumentation for monitoring Idie
performance”. John Wiley & Sons Inc., New York, §77

e Mapping

It's not accurate enough to havéopographic map at 1/50,000 scale. INETER department of geodesyshauld be
required to map all the target zones dt/40,000 scalelf an aerial survey is planned over the area, shwild not
forget to ask fomerial photos
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2.3.4.2 Replication of the experience

The pilot project in Dipilto has just started se following suggestions won’'t be complete. Thesethe first remarks
and critics we have about the first phase of tlegept and should help for replication of the expece. They mainly
concern the construction of the monuments and asgaon of the work.

« Amount of material

We used more material than we thought, making tigarozation more difficult and increasing the iitcost (see
details of purchases and paymentsAimnexe B | don’t think we can use less material for thenstruction of
monuments on thenstable zonesotherwise we may record movements which are nsoperficial than deep. It
would be a shame as well to build things not ablessist time. However, we can use less matenahfoprimary and
secondary order networkby decreasing the height of the monuments thesilshcut the amount of cement, sand and
water required which corresponds to a significaaluction in handling effort. According to peoplerfr department
of geodesy, the ideal monument is smaller, witty@mid shape at the top with a nail in its apexnathe diagram
below. They suggested that it was enough with ari) cm deep monument and that's how the one actheol was
built. However, we should maintain 1m deep basishe monuments could be affected, on a long, teyrsuperficial
movements, erosion, or unwanted shocks!

T~

nail

10 cm

30 cm

30 cm

[
»
<

100 cm

e Transport of material

The most difficult and time-consuming activity wast the construction of the monuments but transpbrthe
material to the actual location, in particular fioee monuments located on unstable zones. For ddbkra, we had to
use 1 bag of cement (42kg), 6 bags of sand ancdb#iater. As we were working compartment by cortipant, we
had to carry material for the construction of saveronuments through the small, steep and slippatys. Therefore
it's important to work with fit people able to cadarge weight and knowing very well the workingar In our case,
the work team, composed by four campesinos, hab@esn amazing and perfect to work with. COSUDHalehused
during the field work was inappropriate and difficto drive: it was too low and didn’t have tyredagted to rough
muddy roads. The height cannot be changed onlyytles. Once back in Managua, these have been athamgkit
should be OK from now on.
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2.4 Description of the elements at risk

In comparison with some other cases, one couldidenghere are not many elements at risk as the iarecarcely
populated and rural. Directly in Cerro El Volcararthe main elements at risk are the Cooperatherevabout 20
people live, a small farm north of the cooperatieempartment 5), coffee plants, fruit and vegetatléures.
Otherwise, nobody lives permanently on the slogdd &olcan and the houses we can see are only fiosestasonal
period. There are no important towns, lifelineslustries or other vital infrastructures like in Tanidad for example
where a school and hospital where located on débvis trajectory.

2.5 Vulnerability assessment

Vulnerability is “a set of conditions and processes resulting fromsigly, social, economical and environmental
factors, which increase the susceptibility of a oamity to the impact of hazards” (United Nation§02). The
present analysis is mainly based on the report lisisade riesgos naturales y Propuesta de Plan dvpaii de
Reduccion de Desastres, Republica de Nicaraguariepento de Nueva Segovia, Municipio de Dipiltoitien by
COSUDE (2002) but I will add elements coming from field experience. Vulnerable conditions identfi@ Dipilto
municipality are physical, structural, environménggological, socio-economical and institutional.

2.5.1 Physical vulnerability

Dipilto municipality was one of the areas of Niagua more affected by Hurricane Mitch. Its physiaherability is
very high due to steep slopes, sandy soils which are easilyed and over-used, and non favourable geologiwl
climatic factors (such as geological faulting amghhprecipitation). According to a national studybfished in 2001
(Programa Socioambiental y de Desarrollo ForestaDEAF) Rio Dipilto is the most vulnerable and destabitiz
watershed in the country. The consequences ardghéderritory suffers from regular and importaandslides and
flooding which may affect the population of Dipilthrectly but also that of Ocotal located downstnedhese have
the potential to seriously damage infrastructurel@es and Pan-American Highway), cultures anddngis.

2.5.2 Structural vulnerability

Structural vulnerability idigh: most of the houses in the area are made of ashaberial or wood without structural
reinforcements (such as steel or even layers g).cldnese structures are highly vulnerable in mhiof intense and
prolonged precipitation because the material dmtes gradually until it collapses. Some roofs @mestructed of
heavy materials, which increase the load on thettres making them more vulnerable to earthquakesell. These
roofs represent an extremely dangerous hazareyf\rere to collapse. For buildings made of conc¢riéee quality is
low due to the high cost of the materials: we wiafermed that, in Dipilto, people use one bag aheat for 6 to 8
bags of sand, to reduce the cost. However one bagnoent for three of sand is the rule in Managiia national
codes for construction are not applied and themoisegulation or quality control for building adties. Eventual
measures to reduce this vulnerability have beeweslodown since Mitch because priorities have begangto
reconstruction of infrastructure (bridges, roads) ahelters. For example, the Pan American highway, in very
good condition, was cut for weeks after the Hum&caNew bridges are numerous along the road. Mosteolocal
people who worked with us for the construction loé tsurvey monuments had their houses destroyedvanel
relocated.

2.5.3 Environmental vulnerability

The municipality hasigh environmental vulnerability: the slopes are staeg have been mostly deforested which
has lead to much erosion. There are no plans foregation and more appropriate use of the sbis. north slopes
of the Cooperative, located between compartmeatsidd, are mainly used for coffee and corn plamtatiTo be able
to access and work on them, people had to creatg psths but slopes are now cut and we noticedsthiats moving
even without precipitation. Other factors whichrizase the vulnerability are quality of water, ahararbanization
and lack of maintenance of infrastructures. Waterdaily consumption comes from the local streamd @dvers.
However, they pass through settlements, coffeetgians and small industries and are contaminayelloteria and
chemicals. Water is therefore a limited resourdh boquality and quantity.

41



2.5.4 Geological vulnerability

Geological vulnerability isigh due to the presence of many fractures and theiqatyshemical and mineralogical
characteristics of the rocks, which are of thrgeegy
- Metamorphic (Palaeozoic - Mesozoic age), the oloeblicaragua. They constitute clayey soils vergtahle
because of their stratification, fracturation ariteration. They are very susceptible to large amgé
landslides, debris flows and even rock falls. Theagemore present in the lowest part of our tasges.
- Intrusive (Mesozoic — Cenozoic age), mainly gradeo These are mainly meteorized in zones intehsive
fractured with a NNE-NE orientation and are vergaaptible to erosion and debris flows.
- Alluvial and/or residual deposits (Quaternary aghijch combine tectonic and meteorization procesEesse
soils are generally composed by residual matedalieg from the granitic rocks and are very susbdéptio
erosion and debris flows.

These characteristics combined with particular atimconditions, presence of local faults and dedtation increase
the vulnerability of the area to landslides, delflesvs and other hazards. Very few areas in ourezoan be
considered stable and they can easily move or beceattivated during times of heavy rainfall.

2.5.5 Socio-economic vulnerability

Socio-economic vulnerability isigh due to the high level of poverty and the high aelgsmce on a limited number of
crops. It appears that the average daily wagetwsdes US$1 and US$3 a day. Local economy is basexdltivation
of coffee and the exploitation of pine trees. Peoale highly dependant on these activities. Dantageoffee
plantations, collapse of the price of coffee, fioeslisease within the pine forest, would all meaanomic disaster for
the community. Exotic fruits and vegetables arenalant but only for local consumption and not fade: people get
only US$1 for about 80 bananas! Each week an Ameri¢GO provides foods not cultivated in the muratity such
rice, oil and sugar. At the Cooperative, about 80pbe of all ages come to live and work, generatylong periods
(depending on the work activities available). Tlaeg provided with food and shelter but wages arg hav, around
2USS$ a day, sometimes less.

2.5.6 Institutional vulnerability

COSUDE concluded in its report that the populatior authorities had a medium to high level of awess of
natural hazards in the municipality and | completdree on this remark. However, vulnerability wassidered as
high because nothing was planned, coordinated egehised to deal with natural hazards; importagapisations
like Red Cross, Firemen or Civil Defence were abhsEwo years later, | would say institutional vulakility is lower
and ofmedium level. Meetings are regularly organised and thaioipality allowed one of its employee from the
Civil Defence to work with us all the time. Peogtem the brigade were also engaged in our pilojgatoand
authorities were enthusiastic in helping us. Oiiffarént problem, we saw Tee shirts aiming at fightfires wore by
a few people.

After assessing different factors of vulnerabilitye can therefore conclude that the vulnerabilitgur studied area is
high. In the next part, | will try to assess thekrby combining hazards, elements at risk and vabilty.
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2.6 RISK ASSESSMENT

In the last part of this chapter, | will try to cbme hazards and vulnerability assessments to peoduisk map. The
map is only a raw, qualitative estimation of ttekrievel as | don’t have any results and figures.

| estimated that deep-seated landslides, locatedratdo, compartments 1, 4 and 5, are more dangetfvars
superficial landslides (compartments 2 and 3). Mhelocity is probably comprised between 2 and 1§ear. These
zones will be attributed a medium to high dangeelleThe element at risk most prone to landslides$ debris flows
is the Cooperative. By combining preceding inforiorat! chose to give a high risk to the area arocmmipartment 4,
medium risk to zones around Arado, compartmentdLaand low risk to zones comprising compartmensg@ 3.
Transition zone between compartment 3 and 4 aréeumedsk because scarps and deeper movements spected
(we can see numerous scarps but there is no acas$s) represents a transition between low and higk zones.
Areas are then extended to the watershed to tak@atount debris flow hazards.

On the map, three levels of risk are defined: lfighred), medium (in orange) and low (in yellow).

Figure 11 Attempt of risk map in Cerro El Volcan area.
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3 RISK REDUCTION MEASURES IN CERRO EL VOLCAN

The previous chapter identified the hazards thnéagethe area; the methodology used to understattbrbthe
behaviour of the moving masses and recognize aondiwhich trigger mass movements; the differeatmants at
risk and conditions of vulnerability. The presehapter will bring some elements of risk reductiopasures.

Key elements of any disaster reduction strategieglnited Nations, 2002):

* prevention = “activities to provide outright avoidance of theverse impact of hazards”;

* mitigation = set of “structural and non-structural measuredeuaken to limit the adverse impact of natural
hazards”;

e preparedness= “activities and measures taken in advance torensffective response to the impact of disasters,
including the issuance of timely and effective yavhrnings and the temporary removal of people @nogherty
from a threatened location”.

Risk can be reduced either by decreasing hazardsigh prevention or decreasing vulnerability bynfeicing
population resilience. In Dipilto, there are noremt projects to stabilise the slopes so we cattehse the hazards.
The only way to reduce the risk is to reduce thaetability. Setup of landslide monitoring systeimghen worth it
because it will help bringingarly Warning to the population without an enormous cost for ithatitutions (see
Annexe 3). Even if the sums will increase with guecessive campaigns of measures, it will stiltd@sonable and
the best investment for risk reduction.

3.1 Early warning system

3.1.1 Definition

The objective of Early Warning is to empower indivéls and communities, threatened by natural oitasimazards,
to act in sufficient time and in an appropriate mamso as to reduce the possibility of personairynjloss of life and
damage to property, or nearby and fragile envirartgieEarly warning can only be used in areas wtierecause of
natural hazards is properly understood and the uneaents are performed close to the actual locapooperly
calibrated and validated.

Once meteorological, geodesic and seismological wdk be available and combined, it will be possitp
- recognize exceptional behaviour of the moving mgisse
- elaborate several scenarios of evolution;
- define different states of alert, with eventual@ation.

Early warning contains several levels (normal, wegning, warning, evacuation and return to normaljch have to
be defined precisely. No data are available fotithe being but I will try to elaborate a few sceoa.

3.1.2 Scenarios

Danger for people is particularly high when peogta’t expect it. Time needed to alert people camabgay to
evaluate a situation of danger. For landslidese torhalert is relatively long and eventual measwafesvacuation can
be taken on time. For debris flows, estimating time is very difficult but they are triggered by rfjeular

precipitation conditions. If adequate measuregaken, there shouldn’t be any bad surprises.

People living in Cerro El Volcan area are working®y day for long hours in the landslide zone. Tkegw it very
well and remark straight away any changes and/asual events. We can define different states: nipnona-alert,
alert, evacuation and return to normal.

Normal state is when there are none (dry season) or rietimrecipitation (< 30mm/month). One should beanof

any changes in the landscape like new cracks,aseref tilted fences or trees, presence of larpeigland material
into the river (creation of an artificial dam) arusual noise close to the moving masses.
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Pre-warning could correspond to periods of prolonged rains ¢fys, even weeks) with large accumulation (between
30 and 250 mm/month). People at the Cooperativéharenost at risk but also the ones who can bédkeinformed.
They should:

» Listen to radio for warning of intense rainfall alpel prepared for evacuation if instructed by tivé defence.

+ Be alert when intense, short bursts of rain ooshich increase risks of debris flows.

* Listen for any unusual sounds that might indicatevimg debris, such as trees cracking or boulderxlkng
together. Falling mud or debris may precede laaystslides.

« Be alert for sudden increases or decreases in Mlaterand for a change from clear to muddy watarcts
changes may indicate an increase of landslideigctipstream. Material may dam the river and wél felease
quickly in case of overtopping or failure

* Be prepared to move quickly.

Warning: occurrence of intense storm (from 1mm/min) afteslonged rains (more than 250 mm/month) and/or
observance of the phenomena described in pre-wastage.

People should evacuate as soon as such event desmagse the Cooperative is located in such a fdddhe foot of

a deep landslide and between 2 rivers) that it dvbel difficult to escape or find shelters.

Evacuation

* People should try to stay in areas generally censitisafe, like areas that have not moved in tse pelatively
flat-lying areas away from drastic changes in slgahool) or areas at the top of or along ridgeé$aek from the
tops of slopes (on the crest closest to the Cotiperahere SD-2 geodesic monument is setup).

« If escape is too late and not possible, peopledcoutl into a tight ball and protect their head.

Return to normal

Just after occurrence of a landslide and/or ddlangs, it would important that people:

» Stay away from the slide area because of the figklditional slides.

» Check for injured and trapped persons near the,slthout entering the direct slide area.

« Listen to local radio and authorities for the latatus of the situation.

» Watch for flooding, which may occur after a landslior debris flow. Floods sometimes follow landsichnd
debris flows because they may both be starteddgdme event.

* Replant damaged ground as soon as possible tonprenasion caused by loss of ground cover.

3.2 Awareness and education

Awarenessof population and authorities plays an importaté in disaster reduction strategy. While in Nicara, |
had the impression that authorities and populaienfully aware of the numerous hazarasvhich they are exposed
and | was impressed by their motivation to redbeerisk. For example,

* National level a national conference was held during my stayationonize criteria for elaboration of hazard
maps. Collaboration between INETER and COSUDE wagsapremise but both managed to organise
efficiently the field work for the pilot project ia very short time.

e Local level Dipilto municipality welcomed us very well anddught its support. Great participation of local
people who looked very happy that institutions anghnisations were present to setup a monitoristeay.
They gave us precious indications about previoesn&v(in particular during Hurricane Mitch) whicklbed
us to select the most appropriate sites. The kies then been chosen in agreement with the péophethe
Civil Defence. They participated as well in the stoaction of the geodesic monuments.

It's essential that the results from the procesaimg interpretation of the data collected are eénpthto the people, in
particular the triggering conditions. It's alreadygood thing that people are aware of the dandes. riext step is
therefore to let them know what to do accordinthtodifferent situations explained further up.
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CONCLUSION

The main objective of the CERG thesis was to prteaarsk analysis in an area prone to natural liszand highly
vulnerable. Nicaragua is strongly affected by reltimazards (seismic, volcanic, storms, landsliflesds...) and
many zones could be studied. Due to a tight tinleedale, selections had to be made. For this redscmpse to
concentrate my work on mass movement hazards ino@& rVolcan (north of Nicaragua) because this aves
severely affected by Hurricane Mitch in 1998 antl Bas difficulties to recover from the disastéts one of the
poorest parts of Nicaragua and therefore a priongZor the government and international instingittke COSUDE.

Slope of Cerro El Volcan are highly susceptiblarajor landslides and debris flows due to their steg@ography,
fragile soil, presence of underlying faults andtahke rock material. Landslides and debris flows mainly rainfall-

induced but can be earthquake-induced due to thmisgty of the region. To better assess these @inena, forecast
their occurrences and be able to take preventidenaitigation measures, the first step is to seiopke but robust
monitoring systems. My field work consisted in thesign and installation of a landslide monitoriggtem, with both
meteorological and geodesic devices and is theréfibegrated into a risk reduction framework. Asrsearlier, the
work can't stop at this stage. Acquisition, procegsind interpretation of good quality data areeesal, as well as
the spread of the information to the populatiorstftoncerned by the occurrences of the phenomena.

In the framework of COSUDE pilot project, the na@xea to study should be in La Trinidad. While Dipils rural
with low population, La Trinidad is an urban cenmiveose hospital and school are continuously threatdoy rock
falls and debris flows, which are fast and damagihgnomena. Setup of simple but efficient Early Nifay devices
on the top scarps would be easy to do. Field measmts would enable the modelling of trajectorfeok falls and
debris flows thanks to available software.
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ANNEXE 1. Organisation of the work from the 28/08/( to 10/09/03

The field work started on the $&f august and ended th® @f September 2003. This field work has been
preceded by a visit on the 23/08/03 with Miriam Dwwand Olivier Lateltin from Switzerland in order t
identify the main characteristics and define theluto do.

28/08/03 Contact with the municipality and localopke — Installation of meteorological devices —
Exploration of the landslide

6am Departure Managua with Miriam Downs (COSUDEgrdkdo Silva (INETER, department of
Geophysics);

10am Arrival Alcadia Dipilto — Meeting with the pgle responsible of the municipality and from the
department of meteorology (INETER);

11lam Observation of the site to decide where t@lindie meteorological instruments;

12am Arrival at the Cooperativa del Volcan;

1pm Start of the installation of the pluviometerdapluviograph; Walk up to El Volcan to identify
compartments of the landslide and to start theaggchl map;

5pm Return from El Volcan; Drive to Ocotal whichiMae our base camp during all the field work.

29/08/03 Exploration of the landslide — End of thetallation meteorological devices — Bought of the
material
9am-4pm
e Walk to the landslide located just above the Coafjpexr and further north (Las Nubes);
Identification of new compartments and elaboratbthe geological map.
* End of the setup of meteorological devices; Trajrfor the local people;
5pm Bought of the material for the constructiorir@f geodesic monuments.

30/08/03 Meeting with people from civil defence valgation of the material and human resources
needed — Construction of the first monument
7am Meeting with the 4 people who will build themuments.

8am-5pm Organisation of the future work and comsion of the first monument.

31/08 - 06/09/03 Construction of the geodesic mamnis+ Start of the geodesic measurements
7am-6pm
* Bring of the material to the chosen site and caoesimn of the monuments;
« Identification of the points for future implementat (secondary and tertiary order points);
« Verification and finalization of each monument §gaig, writing of inscriptions).
02/09/03
10am Arrival of 4 people from the department cddgesy (INETER);
1lam-4pm Identification of the primary order sites.

03/09 -> 06/09

7am-4pm Triangulations between primary and secgnaiater points. One triangulation is missing due
to battery and short signal problems. No visithte points on the unstable zones. Start again
on the 10/09/03.

03/09/03

10am-4pm Installation of the second pluviometdraaTablazon by the department of meteorology.
07/09/03 End of the first part of the field work.

09/09/03 Return Managua.

10/09 — 12/09/03 Elaboration of the preliminary ogp— Financial check.
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ANNEXE 2: Coordinates of the monuments
Primary order
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | iINmM
Dipilto PD-2-11-2 | N 13.7306091 W 086.5105005 1517.987 552.923 930
Las Manos PD-1 N 13.7900181 W 086.5706317 1524.545 546.410 2401
Capilla PD-2 N 13.7566681 W 086.5017014 1520.871 3.468B 1185
Secondary order
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | in M
El Manteado SD-1 N 13.7382127 W 086.524062¢ 158.82 551.455 1165
El Torre SD-2 N 13.7471825 W 086.4968320 1519.828 554.397 7013
Escuela SD-3 N 13.7508932 W 086.507517( 1520.281 3.28% 1135
Tertiary order
Compartment 1
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | iInmM
High VD-1-1 N 13.7453378 W 086.4793264 1519.623 .B96 1745
Medium VD-1-2 N 13.7450771 W 086.4800485 1519.594 556.212 1680
Compartment 2
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | INM
South VD-2-1 N 13.7479492 W 086.4827893 1519.760 6.GB 1680
North VD-2-2 N 13.7465819 W 086.4818419 1519.911 555.915 1650
Compartment 3
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | INmM
High VD-3-1 N 13.7489915 W 086.4839988 1520.026  .B85 1675
Compartment 4
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | INmM
High VD-4-1 N 13.7520533 W 086.4910590 1520.363 .686 1500
Medium VD-4-2 N 13.7514946 W 086.4919667 1520.301 554.922 1455
Low VD-4-3 N 13.7510081 W 086.4928279 1520.247 8324. 1360
Compartment 5
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | INM
High (Casa) VD-5-1 N 13.7529163 W 086.493008¢ 1528. | 554.809 1450
Medium VD-5-2 N 13.7543294 W 086.4942638 1520.614 554.673 1370
Arado
Position Code Coordinates in degrees UTM Coordinates | Height
North West Northing Easting | INM
High AD-1-1 N 13.7441617 W 086.4833249 1519.492  .858 1640
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ANNEXE 3: Cost of the project for the period 28/08- 10/09/03

Material (All the prices are in $C)

Construction of the monuments

Cement 20 bags 1500.00
1 cuchara 21.00
Sand 75 bags 1500.00
PVC tubes 6 de 4” 1090.00
Plastic bags 6 yards 90.00
Painting 7 | white,black, red 237.00
4 pincels 70.00
4 | gasoline 40.00
Wood 8 pieces 338.00
Small material 2 Meter 32.00
Clavos 44.00
Lamina de zinc 46.00
Library 85.00
Divers 124.00
Meteorology
Material 1058.40
Maya 13 m 297.50
Protection pluviometer Guillermo Montenegro (Coop. El Volcan) 200.00
Car
| Petrol 40 gallons 1220.00
TOTAL Material in $C 7992.90
People(All the prices are in $C)
José Ramon Marchena Alcadia Dipilto / Defensa Civil 11@100 + 5@50 0330
Rafaél Dias Defensa Civil 8 800.00
Eddis José Dias 7 700.00
Marvin Ayestas Defensa Civil 8 800.00
Ruben Alberto Lopez 8 800.00
Antonio Ayestas 1 100.00
Animals 8 800.00
Antonio Montenegro 3 300.00
TOTAL People in $C 5650.00
TOTAL in $C 13642.90
TOTAL in $US 900
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ANNEXE 6  List of geotechnical suppliers

Extensometers, Inclinometers and Piezometers

Applied Geomechanics
Slope Indicator, Inc.
Geokon

Phoenix Geometrix

Laser Ranging Devices

NovaRanger, Inc.

Migatron Corporation

Precipitation gages

Met One Instruments

Rainwise

Data Loggers

Logic Beach
Data Electronics

Information atwww.sensorsmag.com

www.geomechanics.com

www.slopeindicator.com

www.geokon.com

www.phoenixgeometrix.com

www.novaranger.com

WWW.migatron.com

www.metone.com

Www.rainwise.com

www.logicbeach.com

www.dataelectronics.com
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