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Result of the investigation on Nueva Santa Rosa




Investigation and analysis of
L a Guillen and Nueva Santa Rosa

Working Groupl & 2

Project for Control and Mitigation of Slope Disasters in the Central District
in Republic of Honduras

Contents

1. Compiling and analysis of investigation result of LG and NSR
2. Setting of parameters for design
3. Policy of countermeasure work for landslide in LG and NSR

B Practical work (if we have a time): slope stability by manual calculation



1. Compiling and analysis of investigation
result of LG and NSR

e The landslides in the La Guillen and
Nueva Santa Rosa areas that
collapsed in September 2022 are
being investigated and monitored,
especially in the NSR since 2010 when
the first landslide occurred. The
results of these investigations were
summarized, and the mechanism of
the disaster occurrence was
discussed.

« Based on the results of the
investigation, the models of both
landslides were created for stability
analysis and design.

1-1. Landslide block in NSR and LG areas



1-2. Geology

Formacion Rio Chiquito ( Roger, 1994).

Rocas sedimentarias principalmente lutitas y
areniscas y ocasionalmente conglomerados
cuarzos.

Las capas de lutitas presenta un buzamiento
general de 38 NW, en la zona de estudio es de
TTSW.

Se encuentran en contacto con el Miembro
Cerro Grande (Williams & McBirney, 1969).
Esta formado principalmente por ignimbritas y
tobas, ocasionalmente sedimentos volcanicos
mezclados con sedimentos, originados de
rocas sedimentarias de Krc.

Se encuentra en discordancia angular con Krc,
se observan zonas de inestabilidad en esta
zona de contacto.

1-72. Geology

De las observaciones en superficie se
pudieron observar afloramientos de un
deposito de toba (Ignimbrita) retrabajados:
Material sedimentario compuesto por
bloques angulosos de maximo 1m (tobas)
en una matriz mas fina del mismo material.
Los bloques evidencian poco transporte por
lo tanto se estiman que son depdsitos
coluviales o aluviales de la secuencia Tpm
del grupo Padre Miguel.

El espesor de este deposito puede variar
desde unos pares de metros a casi
inexistente en las vecindades del sitio piloto,
dejando expuesto el basamento rocoso de
lutitas de la formacion Rio Chiquito.



1-3. Geological/Geotechnical Investigation

» Boring survey

A number of borehole investigations have
been conducted in the area. The purpose
is to determine the geological conditions
of the study area and to install monitoring
wells of landslide activity and GWL.

There are 8 boreholes conducted core
boring in NSR area and 3 boreholes in the
LG area. These are important surveys for
understanding the geological conditions
of the subject landslide.

L ocation of point of core boring executed



Core sample-NSR

NSR4-1

Core sample-LG

LG2-1

LG3-1

NSRb5-1



Laboratory test

Samples were collected on the scarp of landslide in LG and laboratory tests were
conducted using the samples by Engineering Facility of UNAH.

1-3. Geological/Geotechnical Investigation
« Geophysical survey (Electrical Resistivity Survey)
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« Geophysical survey (Electrical Resistivity Survey)

Source: ICHIT, UNAH Resistivity survey.... Colonia Guillen - Nueva Santa
Rosa, julio/noviembre 2023

« Geophysical survey (Electrical Resistivity Survey)

Source: ICHIT, UNAH Resistivity survey....
Colonia Guillen - Nueva Santa Rosa,
julio/noviembre 2023



1-4. Monitoring

e Landslide monitoring has been conducted since April
2018 in the NSR area, which has a long history of
landslide occurrence. The project has also installed
monitoring boreholes in the NSR area for monitoring.
However, due to Hurricane ETA/IOTA in 2020 and a
major collapse in 2022, the existing monitoring wells
in the landslide block were damaged, making it
impossible to continue observations. However, the
monitoring results until then can be used for analysis.

e Monitoring wells were installed in the NSR and LG
areas from 2023 to 2024. As a result, we were able
to confirmed the slip surface in the LG area and also
determined the shape of the NSR slip surface.
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Groundwater level-Nueva Santa Rosa
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Groundwater level-La Guillen
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1-b. Compiling and Analysis

e Landslide monitoring has been conducted since April 2018 in
the NSR area, which has a long history of landslide
occurrence. The project has also installed monitoring wells in
the NSR area for monitoring. However, due to Hurricane
ETA/IOTA in 2020 and a major collapse in 2022, the existing
monitoring wells in the landslide block were damaged,
making it impossible to continue observations. However, the
monitoring results until then can be used for analysis.

e Monitoring wells were installed in the NSR and LG areas
from 2023 to 2024. As a result, we were able to confirm the
slip surface in the LG area and also determine the shape of
the NSR slip surface.
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Discussion of setting of parameter for
design of countermeasure work

« Based on the survey results, a landslide model was developed for
stagililty analysis. Stability calculations were performed using these
models.

» Cohesion and internal friction angles VST T
obtained from direct shear tests using T

undisturbed samples taken at the LG scarp
were used to examine the validity of the
shear strength.
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Study of parameter setting

Stability calculations were performed on landslide models using the
parameters obtained from the laboratory test results. The resulting
safety factor are as follows

Landsiide block

NSR -1 2,59
NSR -2 2.12
LG -1 2.74
LG -2 291

This result is not consistent with the actual situation where landslide
activity is currently observed from monitoring results. Therefore, it is

possible that the samples collected are not representative of strength
of the slip surface of the LG and NSR landslides.

Study of parameter setting (Back analysis)

» The shear strength obtained from the undisturbed samples
collected in the field could not show the current situation.

e Therefore, the shear strength of the slip surface was estimated
by back analysis.

e The condition of Back analysis is as follows,

Estimated current safety factor : Fs = 0.98
Unit weight © yt = 18kN/m3
Estimated groundwater level : H.G.W.L

« Based on the above conditions, back analysis was performed
for each of the four landslide models to estimate shear
strength.



Result of Back analysis
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Setting parameter for design

Landslide Unit weight Cohesion Internal friction
block (kN/m3) (kN/m2: kPa) | angle (degree)

NSR-1 18.0 5.0 14.20
NSR-2 18.0 5.0 11.33
LG-1 18.0 5.3 11.13
LG-2 18.0 3.8 11.07

Policy of countermeasure work for
landslide in LG and NSR

e Groundwater control

To drain a ground water that is the one of the main trigger of landslide by horizontal
drainage boring work.

» Surface water control

To drain the surface water on the landslide block by channel, and to prevent infiltration
behind the landslide scarp by the ditch.

» Retaining wall

To retain the bottom of the landslide block by gabion wall with permeability to drain the
water from landslide block and flexibility against deformation.

Ensure a safety factor of 1.05 as much as possible from 0.98 by implementing
countermeasure works, and improve the safety factor by at least 5%.



NSRS T

Block NSR-1

- HD Work: No.4HDB @30m*6+Gabion wall
- HD Work: No.5HDB @30m*8+Gabion wall
- Buttress fill work + Gabion wall @@
- Surface drainage work
H.G.W.L.

\ Slip surface

V: 2m interval, H: 20m interval

,50m




Block NSR-1

No countermeasure 0.98
+ No.4 HDB 0.99
+ Counterweight fill 1.03
+ No.5 HDB 1.07 G.W.L

V: 2m interval, H: 20m interval

Block NSR-2 & 3

- HD Work: No.1HDB *5 + Gabion wall

- HD Work: No.2HDB *11 + Gabion wall

- HD Work: No.3HDB *12 + Gabion wall H.G.W.L.
- HD Work: No.6HDB *6 + Gabion wall \

- Reshaping work + Erosion control work
(Hydroseeding work)

- Surface drainage work

- Gabion retaining wall



B | O C k N S R— 2 & 3 Reshaping work + H\y‘droseeding

No.3HDB+GW
No.2HDB+GW Flatten work
No.1HDB+GW
I No.6HDB@20m-+GW
| \
\
\ Slip surface
H.G.W.L.
V: 2m interval, H: 20m interval
Block NSR-2 & 3
Expocted Fs
No countermeasure 0.98
+ No.1 HDB 1.02
+ No.2 HDB 1.037
+ No.3 HDB 1.053 G.W.L.

\

Slip surface

V: 2m interval, H: 20m interval



LG eR L

0 o SOm

Block LG-1 & 7

* HD Work: No.1HDB *6+GW
* HD Work: No.2HDB *7+GW
- HD Work: No.3HDB *5+GW
* HD Work: No.4HDB *5+GW
- HD Work: No.5HDB *8+GW

- Reshaping work + Erosion control work
(Hydroseeding work)

- Surface drainage work

- Gabion retaining wall




B | OC l/( LG - ]_ & 2 Cut slope work + Hydroseeding

No.3HDB+GW Flatten work
No.5HDB+GW

No.1HDB+GW
No.6HDB@20m+GW

\ Slip surface
H.G.W.L.

V: 2m interval, H: 20m interval

B | O C I( |_G - ]_ & 2 Cut slope work + Hydroseeding

No.2HDB+GW Flatten work

No.1HDB+GW No.4AHDB+GW

No.6HDB@20m+GW

\ Slip surface

H.G.W.L.

V: 2m interval, H: 20m interval



Block LG-1

No countermeasure 0.98
+ No.1 HDB 1.01
+ No.3 HDB 1.03
+ No.5 HDB 1.05

“

H.G.W.L.

V: 2m interval, H: 20m interval

Block LG-2

No countermeasure 0.98
+ No.1 HDB 1.00
+ No.2 HDB 1.01
+ No.4 HDB 1.03
H.G.W.L.

V: 2m interval, H: 20m interval



Reshape work and hydroseeding work
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Appendix 8

Result of the investigation on Villa Nueva
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Perfil de Resistividad No.2
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REFRACCION
SISMICA DEL
IHCIT

Perfil de Refraccion Sismica 1
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Perfil de Refraccion Sismica 2

PERFIL 2 VILLANUEVA
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OBRAS PROPUESTAS

= PROTECCION: BARRERA DINAMICA

OBRAS PROPUESTAS

= ESTABILIZACION: MEMBRANAS FLEXIBLES
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OBRAS PROPUESTAS

ESTABILIZACION: MEMBRANAS FLEXIBLES

CONCLUSIONES

El fenomeno geolégico que tuvo lugar en la zona fue una caida de
rocas

Los materiales afectados han sido conglomerados de la Formacion
Villa Nueva

El fenémeno ha afectado tanto a edificios como a vias de
comunicacion

Los estudios realizados identificaron dos zonas claramente
diferenciadas: una basal formada por estratos de espesor
decimétrico, aparentemente sin fracturacion; y otra zona situada a
techo de la anterior, masiva y fracturada, que es la que ha sido
afectada por el evento.



CONCLUSIONES

U Como factores condicionantes se han considerado el estado de la
roca, el agua (tanto de Illuvia como Ia proveniente de
conducciones), y la accion de las raices de los arboles.

U Con los estudios de geofisica no se han detectado planos claros de
debilidad, si bien se puede intuir a partir de la tomografia eléctrica
una posible zona susceptible al movimiento.

U Durante los trabajos de campo se han podido cartografiar una serie

de fracturas dentro del talud que pueden afectar a la estabilidad del
mismo en el futuro

U Se han propuesto dos tipos de intervenciones, una destinada a la
proteccion, por medio de barreras dinamicas, y otra de
estabilizacion, por medio de membranas flexibles

O Como obras secundarias se recomienda la canalizacion de las
aguas superficiales
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Appendix 9

Result of Vulnerability Analysis




Methodology of Vulnerability Analysis
* Vulnerability is analyzed based on the 4 factors.
« The evaluation items of each factor are evaluated in 3 ranks.

Shelter, . . Waste
E Strength of Counter- Evacuatio Electricity, Sanitary collection| P | F | ExPxF | PxF
house measure Water sewage :
n route Service
1 X 3 1 3 3
2 X X X 2 3 12 6
3 X X 1|2 6 2
TOTALVALUE = ((Z(ExPxF) /( Z(PxF)) =
21 11
21/11=1.91

Vulnerability Index = Physical (V)x0.35 + Social (V)x0.25+ Economic (V)x0.20 +
Environmental(V)x0.20



Matrix: Case of Campo Cielo
Evaluation Physical Factor
(E) Strength of Shelter, Sanitary Waste
h Countermeasure Evacuation Electricity, Water collection
ouse sewage system X
route Service
Less than 20% No There is no | Infrastructure is | Less than 50% of | No waste
‘I of houses in countermeasure | shelter and | maintained  in | houses have | collection
the zone are work has been unsafe route to | less than 50% of | sanitary service, and
made in installed. outside of the | the zone sewage system | solid waste
concrete zZone. occupied road
More than 20% | Countermeasure | There is no | Infrastructure is | More than 50% | No waste
2 and less than works have been | shelter orunsafe | maintfained in | and less than | collection
50% of houses installed but it is route to outside | more than 50% | 80% of houses | service, or solid
in the zone are | not enough of the zone. and less than | have  sanitary | waste is
made in and/or not work 80% of the zone | sewage system | obstruction of
concrete properly. passage
More than 50% | Appropriate There is a shelter | Infrastructure is | More than 80% | There is waste
3 of houses in countermeasure or a safe | maintained  in | of houses have | collection
the zone are work(s) have evacuation more than 80% | sanitary service, and no
made in been installed route to outside | of the zone sewage system | obsfruction of
concrete and work of the zone. passage by
properly. solid waste.
Election: 1 Election: 1 Election: 3 Election: 3 Election: 1 Election: 2
Justification: Justification: Justification: Justification: Justification: Justification:
35% Brick, 39% | None Rafael Antonio | 100% water | sanitary Junk caron the
Wood, 18% Castillo, distribution, sewage system | road
Concrete Basic Education | 100% power line, | is not working
Center 100% mobile | properly

and internet.

Evaluation

(E)

Social Factor

Residential network

Support

organization in
community

Trained, Skilled
person

Vulnerable person

Security

Residents

are
estranged and the
relationship is weak.

organization

There is no support

on/after disaster.

and
disaster.

There is no trained or
skiled person in the
zone fo support the
vulnerable people
victims in

are

More than 30% of
residents in the zone

elderly person

pregnant, | is gang support
chronically il and/or | group in  the
neighborhood.

There is no police
station and there

which

A relationship has
been established in
some

There is
organization

support  vulnerable

an

Less than 5% of the
to | residents in the zone
are trained or skilled

Less than 30% and
more than 5% of
residents in the zone

There is no police
station and there
is

no gang

residents can keep | people and victims | person  such as | are pregnant, | support group in

in touch and share | in/after disaster, but | police or security | chronically ill and/or | the

informatfion in an | it is not functioning | guard. elderly person neighborhood.

emergency. properly.

A relationship has | There is an | More than 5% of the | Less than 5% of | There is police
3 been established in | organization fo | residents in the zone | residents in the zone | station and there

which all residents | support vulnerable | are frained or skiled | are pregnant, | is no  gang

can keep in touch | people and victims | person  such  as | chronicallyill and/or | support group in

and share | in/afterdisaster,and | police or security | elderly person the

information in an | itis functioning. guard. neighborhood.

emergency.

Election: 3 Election: 3 Election: 2 Election: 2 Election: 1




Justification: Justification: Justification: Justification: Justification:

They have Patronage, CODEL | Security Guard 3% Resident:201 No police station
and Political group Chroniciill: 11 Gang  support
infermediates Pregrant:2 group
support Elderly (>70): 9
organizations to 22/201=10%
support them

Evaluation Economic Factor
(E) Asset Public deed Income Financial support
Less than 30% of the | Lessthan 30% of familiesin | Less than 50% of the | There is no organization

1

families in the zone live in
own house.

the zone have public
deed of the land.

representative  of  the
families has income by
regular base.

in/around the
neighborhood that
provide financial support
to the victims.

Less than 80% and more
than 30% of the families in
the zone live in own
house.

More than 30% and less
than 80% of families in the
zone have public deed of
the land.

Less than 80% and more
than 50% of the
representative  of  the
families has income by
regular base.

There is an organization

in/around the
neighborhood that
provide some financial

support to the victims.

More than 80% of families
in the zone live in own
house.

More than 80% of families
in the zone have public
deed of the land.

More than 80% of the
representative  of the
families has income by
regular base.

There is an organization
in/around the
neighborhood that
provide financial support
to the victims.

Election: 3 Election: 2 Election: 3 Election: 1
Justification: Justification: Justification: Justification:
94% of families in the zone | 45% of families in the zone | 80% of the representative | Unknown

live in own house.

have public deed of the
land.

of the families has income
by salary base.

Evaluation

(E)

Environmental factor

Medical Care

Disaster

Condition (Frequency of
disaster)

No medical center in the area within
30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occur once a year at
least.

No medical center in this
neighborhood, but there is one in the
area within 30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occurred within 3
years.

There is medical center in this | The slope disaster (landslide/slope
3 neighborhood. failure¥rockfall) occurred within 5
years.
Election: 2 Election: 1
Justification: Justification:

No medical center in this
neighborhood, but there is one near
there.

60% of houses damaged by disaster
happens every year.




Matrix: Case of Fuerzas Unidas
Evaluation Physical Factor
(E) Shelter, . Waste
Strength of Countermeasure Evacuation Electricity, Water Sanitary collection
house sewage system .
route Service
Less than 20% No There is  no | Infrastructure is | Less than 50% of | No waste
‘I of houses in countermeasure | shelter and | maintained  in | houses have | collection
the zone are work has been unsafe route to | less than 50% of | sanitary service, and
made in installed. outside of the | the zone sewage system | solid waste
concrete zone. occupied road
More than 20% | Countermeasure | There is no | Infrastructure is | More than 50% | No waste
2 and less than works have been | shelter orunsafe | maintained in | and less than | collection
50% of houses installed but it is route to outside | more than 50% | 80% of houses | service, or solid
in the zone are | not enough of the zone. and less than | have  sanitary | waste is
made in and/or not work 80% of the zone | sewage system | obstruction of
concrete properly. passage
More than 50% | Appropriate There is a shelter | Infrastructure is | More than 80% | There is waste
3 of houses in countermeasure or a safe | maintained  in | of houses have | collection
the zone are work(s) have evacuation more than 80% | sanitary service, and no
made in been installed route to outside | of the zone sewage system | obstruction of
concrete and work of the zone. passage by
properly. solid waste.
Election: 1 Election: 1 Election: 3 Election: 3 Election: 3 Elecﬁon:2
Justification: Justification: Justification: Justification: Justification: Justification:
Blick: 23%, | None Church, Public | 100% water | The all | the service is
Concrete: 8%, school in the | distribution, interviewees available  for
Wood: 69% neighborhood 100% power line, | have sanitary | 8% of  the
100% mobile | sewage system | interviewee,
and internet. Wastewater,
Junk car,
vacancy
Evaluation Social Factor
(E) Residential Support Trained, Skilled .
organization in Vulnerable person Security
network . person
community
Residents  are | There is no support | Thereisno trained or | More than 30% of | Thereis no police

estranged and
the relationship

organization
on/after disaster.

skilled person in the
zone to support the

residents in the zone
are pregnant,

station and there
is gang support

is weak. vulnerable people | chronicallyilland/or | group in  the
and victims in | elderly person neighborhood.
disaster.
A relationship | There is an | Less than 5% of the | Less than 30% and | Thereis no police
2 has been | organization to | residentsin the zone | more than 5% of | stafion and there
established in | support vulnerable | are trained or skiled | residents in the zone | is no gang
which some | people and victims | person such as | are pregnant, | support group in
residents  can | in/after disaster, but | police or security | chronicallyill and/or | the
keep in touch | it is not functioning | guard. elderly person neighborhood.
and share | properly.
information in
an emergency.
A relationship | There is an | More than 5% of the | Less than 5% of | There is police
3 has been | organization to | residents in the zone | residents in the zone | station and there
established in | support vulnerable | are trained or skiled | are pregnant, | is no gang
which all | people and victims | person  such as | chronicallyill and/or | support group in
residents  can elderly person




keep in touch | in/afterdisaster,and | police or security the
and share | it is functioning. guard. neighborhood.
information in
an emergency.
Election: 2 Elecfion:1 Election: 1 Election: 2 Elecfion:1
Justification: Justification: Justification: Justification: Justification:
They have Patronage, CODEL | Police/military 1% Resident:99 No police station
and Political group Chronicill: 3 Gang  support
infermediates Pregrant:1 group
support Elderly (>70):1
organizations to 5/99=5%
support them
Evaluation Economic Factor
(E) Asset Public deed Income Financial support

1

Less than 30% of the
families in the zone live
in own house.

Less than 30% of families
in the zone have public
deed of the land.

Less than 50% of the
representative  of the
families has income by
regular base.

There is no
organization in/around
the neighborhood that
provide financial
support to the victims.

Less than 80% and more
than 30% of the families
in the zone live in own
house.

More than 30% and less
than 80% of families in
the zone have public
deed of the land.

Less than 80% and more
than 50%  of the
representative  of the

families has income by
regular base.

There is an
organization in/around
the neighborhood that
provide some financial
support to the victims.

More than 80% of
families in the zone live
in own house.

More than 80% of
families in the zone have
public deed of the land.

More than 80% of the
representative  of the
families has income by
regular base.

There is an
organization in/around
the neighborhood that
provide financial
support to the victims.

Election: 1 Election: 1 Election: 1 Election: 3
Justification: Justification: Justification: Justification:
85% of families in the | 23% of families in the | 37% of the representative | CDH, Church,

zone live in own house.

zone have public deed
of the land.

of the families has regular
income.

European Org,

Evaluation

(E)

Environmental factor

Medical Care

Disaster

Condition (Frequency of

disaster)

No medical center in the area within
30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occur once a year at
least.

No medical center in this
neighborhood, but there is one in the
area within 30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occurred within 3
years.

neighborhood, but there is one near
there.

There is medical center in this | The slope disaster (landslide/slope
3 neighborhood. failure¥rockfall) occurred within 5
years.
Election: 2 Election: 1
Justification: Justification:
No medical center in this | 42% of interviewee has experience of

disaster happens once a year.







Matrix;

Nueva Sanfa Rosa

Evaluation Physical Factor
(E) Shelter, . Waste
Strength of Countermeasure Evacuation Electricity, Water Sanitary collection
house sewage system N
route Service
Less than 20% No There is no | Infrastructure is | Less than 50% of | No waste
‘I of houses in countermeasure | shelter and | maintained  in | houses have | collection
the zone are work has been unsafe route to | less than 50% of | sanitary service, and
made in installed. outside of the | the zone sewage system | solid waste
concrete block zZone. occupied road
More than 20% | Countermeasure | There is no | Infrastructure is | More than 50% | No waste
2 and less than works have been | shelter orunsafe | maintained in | and less than | collection
50% of houses installed but it is route to outside | more than 50% | 80% of houses | service, or solid
in the zone are | not enough of the zone. and less than | have  sanitary | waste is
made in and/or not work 80% of the zone | sewage system | obstruction of
concrete block | properly. passage
More than 50% | Appropriate There is a shelter | Infrastructure is | More than 80% | There is waste
3 of houses in countermeasure or a safe | maintained  in | of houses have | collection
the zone are work(s) have evacuation more than 80% | sanitary service, and no
made in been installed route to outside | of the zone sewage system | obstruction of
concrete block | and work of the zone. passage by
properly. solid waste.
Election: 2 Election: 1 Election: 3 Election: 3 Election: 3 Election: 3
Justification: Justification: Justification: Justification: Justification: Justification:
Concrete No Church, Public | 100% water | 99% of the | the service is
block: 35%, | Countermeasure | school in the | distribution, interviewees available  for
Brick: 26%, | works neighborhood 100% power line, | have  sanitary | 83% of the
Wood: 35% 100% mobile | sewage system | interviewee
and internet.
Evaluation Social Factor
(E) Support . .
Residential network organization in Trained, Skilled Vulnerable person Security

community

person

Residents

are
estranged and the
relationship is weak.

organization

There is no support

on/after disaster.

and
disaster.

There is no trained or
skiled person in the
zone to support the
vulnerable people
victims in

are

More than 30% of
residents in the zone

elderly person

pregnant, | is gang support
chronically il and/or | group in  the
neighborhood.

There is no police
station and there

A relationship has
been established in

There is
organization

an

Less than 5% of the
to | residentsin the zone

Less than 30% and
more than 5% of

There is no police
station and there

which some | support vulnerable | are tfrained or skilled | residentsin the zone | is no  gang

residents can keep | people and victims | person  such as | are pregnant, | support group in

in touch and share | in/after disaster, but | police or security | chronically ill and/or | the

information in an | it is not functioning | guard. elderly person neighborhood.

emergency. properly.

A relationship has | There is an | More than 5% of the | Less than 5% of | There is police
3 been established in | organization tfo | residents in the zone | residents in the zone | station and there

which all residents | support vulnerable | are frained or skilled | are pregnant, | is no gang

can keep in touch | people and victims | person  such  as | chronically ill and/or | support group in

and share | in/afterdisaster,and | police or security | elderly person the

information in an | itis functioning. guard. neighborhood.

emergency.

Election: 3 Election: 3 Election: 1 Election: 1 Election: 3




Justification: Justification: Justification: Justification: Justification:

They have. Patronage, CODEL | It is not sure. The job | Pregnant: 3 There in police
and Political group | type wdas not | Handicap: 15 station in/near
intermediates researched in this | Elderly person:53 the
support survey. Chronically ill: 53 neighborhood.
organizations to
support them

Evaluation Economic Factor
(E) Asset Public deed Income Financial support
Less than 30% of the | Lessthan 30% of familiesin | Less than 50% of the | There is no organization

1

families in the zone live in
own house.

the zone have public
deed of the land.

representative  of  the
families has income by
regular base.

in/around the
neighborhood that
provide financial support
to the victims.

Less than 80% and more
than 30% of the families in
the zone live in own
house.

More than 30% and less
than 80% of families in the
zone have public deed of
the land.

Less than 80% and more
than 50% of the
representative  of  the
families has income by
regular base.

There is an organization

in/around the
neighborhood that
provide some financial

support to the victims.

More than 80% of families
in the zone live in own
house.

More than 80% of families
in the zone have public
deed of the land.

More than 80% of the
representative  of the
families has income by
regular base.

There is an organization
in/around the
neighborhood that
provide financial support
to the victims.

Election: 2 Election: 2 Election: 2 Election: 1
Justification: Justification: Justification: Justification:
64% family has own house | 50% family has public | 56% person has | Unknown
deed permanent job
Evaluation Environmental factor
(E) Medical Care Disaster Condition (Frequency of
disaster)

No medical center in the area within
30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occur once a year at
least.

No medical center in this
neighborhood, but there is one in the
area within 30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occurred within 3
years.

There is medical center in this | The slope disaster (landslide/slope
3 neighborhood. failure¥rockfall) occurred within 5
years.
Election: 2 Election: 1
Justification: Justification:

No medical center in this
neighborhood, but there is one near
there.

52% of houses damaged by disaster
happens every year.




Matrix;

Villa Nueva

Evaluation Physical Factor
(E) Shelter, . Waste
Strength of Countermeasure Evacuation Electricity, Water Sanitary collection
house sewage system X
route Service
Less than 20% No There is  no | Infrastructure is | Less than 50% of | No waste
‘I of houses in countermeasure | shelter and | maintained  in | houses have | collection
the zone are work has been unsafe route to | less than 50% of | sanitary service, and
made in installed. outside of the | the zone sewage system | solid waste
concrete zone. occupied road
More than 20% | Countermeasure | There is no | Infrastructure is | More than 50% | No waste
2 and less than works have been | shelter orunsafe | maintained in | and less than | collection
50% of houses installed but it is route to outside | more than 50% | 80% of houses | service, or solid
in the zone are | nof enough of the zone. and less than | have  sanitary | waste is
made in and/or not work 80% of the zone | sewage system | obstruction of
concrete properly. passage
More than 50% | Appropriate There is a shelter | Infrastructure is | More than 80% | There is waste
3 of houses in countermeasure | or a safe | maintained  in | of houses have | collection
the zone are work(s) have evacuation more than 80% | sanitary service, and no
made in been installed route to outside | of the zone sewage system | obstruction of
concrete and work of the zone. passage by
properly. solid waste.
Election: 2 Election: 1 Election: 3 Election: 3 Election: 2 Election: 3
Justification: Justification: Justification: Justification: Justification: Justification:
Concrete No There is route to | 100% of family | 67% of family | There is waste
block: 33%, | countermeasure | outside of the | has water and | has sanitary | collection
Brick: 44%, | works hazard zone. electric  power | sewage system | service, and no
Wood: 22% service obstruction of
passage by
solid waste.
Evaluation Social Factor
(E) Residential Support Trained, Skilled .
organization in Vulnerable person Security
network R person
community
Residents are | There is no support | Thereis no trained or | More than 30% of | Thereis no police
estranged  and | organization skilled person in the | residents in the zone | station and there

the relationship is

on/after disaster.

zone to support the

are pregnant,

is gang support

weak. vulnerable people | chronicallyilland/or | group in  the
and victims in | elderly person neighborhood.
disaster.
A relationship has | There is an | Less than 5% of the | Less than 30% and | Thereis no police
2 been established | organization fo | residentsin the zone | more than 5% of | stafion and there
in  which some | support vulnerable | are trained or skilled | residentsin the zone | is no  gang
residents can | people and victims | person such as | are pregnant, | support group in
keep in touch | in/after disaster, but | police or security | chronicallyilland/or | the
and share | it is not functioning | guard. elderly person neighborhood.
information in an | properly.
emergency.
A relationship has | There is an | More than 5% of the | Less than 5% of | There is police
3 been established | organization to | residents in the zone | residents in the zone | station and there
in which all | support vulnerable | are trained or skiled | are pregnant, | is  no  gang
residents can | people and victims | person  such  as | chronicallyill and/or | support group in
keep in touch | in/afterdisaster,and | police or security | elderly person the
and share | itis functioning. guard. neighborhood.

information in an
emergency.




Election: 3 Election: 3 Election: 1 Election: 1 Election: 1
Justification: Justification: Justification: Justification: Justification:
They have. They have. No information Chronical ill 8 There is no police
Handicaps: 3 station and there
Elderly person: 38% is gang support
group in  the
neighborhood
Evaluation Economic Factor
(E) Asset Public deed Income Financial support
Less than 30% of the | Less than 30% of families | Less than 50% of the | There is no
1 families in the zone live | in the zone have public | representative of the | organizationin/around
in own house. deed of the land. families has income by | the neighborhood that
regular base. provide financial
support to the victims.
Less than 80% and more | More than 30% and less | Less than 80% and more | There is an
2 than 30% of the families | than 80% of families in | than  50%  of  the | organizationin/around
in the zone live in own | the zone have public | representative of the | the neighborhood that

house.

deed of the land.

families has income by
regular base.

provide some financial
support to the victims.

More than 80% of
families in the zone live
in own house.

More than 80% of
families in the zone have
public deed of the land.

More than 80% of the
representative  of the
families has income by
regular base.

There is an
organization in/around
the neighborhood that
provide financial
support to the victims.

Election: 3 Election: 1 Election: 1 Election: 1
Justification: Justification: Justification: Justification:
89% family has own | 11% of family has public | 88% of representative of | Unknown
house deed. family has regular job.

Evaluation

(E)

Environmental factor

Medical Care

Disaster

Condition (Frequency of

disaster)

No medical center in the area within
30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occur once a year at
least.

No medical center in this
neighborhood, but there is one in the
aread within 30 mins by car.

The slope disaster (landslide/slope
failure¥rockfall) occurred within 3
years.

There is medical center quite near this
neighborhood.

There is medical cenfer in this | The slope disaster (landslide/slope
3 neighborhood. failure¥rockfall) occurred within 5
years.
Election: 3 Election: 2
Justification: Justification:

67% of family face the disaster
occurred every 2 years.




Appendix 10

Design work for countermeasure works in Campo
Cielo
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Design work for countermeasure works in Nueva
Santa Rosa
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Design work for countermeasure works in Villa
Nueva




Appendix 16

Figures by GIS for the analysis of topography
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Draft of the Land use regulation for slope disaster
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