	[image: image6.jpg]




	Centro Colaborador OPS/OMS en Mitigación de Desastres en Establecimientos de Salud

Universidad de Chile
	[image: image7.png]257




	[image: image8.jpg]






Chapter III

General Criteria for Selecting a Safe Site
1 Introduction
The identity of siting options and the selection of the definitive site for the facility must be based on an assessment of the healthcare needs of the population and the characteristics of the existing health network. The choice of site will also be affected by public health policies and any demographic, geographical, sociopolitical or economic criteria set by the institution. Other important considerations are the performance objectives sought for the facility at normal times and during emergencies, the comparative analysis of the natural and technological hazards present at the various potential sites, the estimated cost and technical feasibility of implementing the necessary protection systems, the economic resources available, and the findings of the cost/benefit analysis of the options as illustrated in Flowcharts 2 and 3.

This assessment must cover not only the specific sites but also their surroundings. The way in which natural phenomena affect the surrounding population, the population of reference and the infrastructure must be evaluated, particularly their impact on lifelines and access roads. 
Flow chart 2

Site preselection
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Flow chart 3

Site selection
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2 Process for selecting siting options 

2.1 Variables of site selection
It is not the purpose of this handbook to show in detail how to rank the various siting options.  Instead, relevant criteria will be mentioned, such as the key factors that must be taken into account when selecting an adequate and safe location. It is advisable that the Institution define qualitative and quantitative specifications for assessing and comparing each of the siting options. These specifications may be of varying degrees of complexity. What matters is that they facilitate the decision-making process by testing each site’s capacity to meet the desired performance objective. If none of the siting options can meet it, it will be necessary to select a less ambitious performance objective—or continue searching for acceptable siting options.  

All the information on local risks that may be needed for choosing the siting options might be limited to existing data found in land-use management plans, local or regional development plans, technical reports, local zoning laws and regulations, or the opinions of experts. Even so, on-site inspection of each of the options and their surroundings should be carried out by the Assessment and Selection Team. If the health facility will be designed to meet a high performance objective, however, detailed studies must be carried out to characterize the prevailing hazards. No site should be selected if any of the detailed information required is lacking.

In selecting the site, moreover, one must consider the proximity to certain industrial facilities (chemical plants, refineries, mining processing plants, etc.), military facilities, landfills, airports, routes used for the transport of hazardous materials, and so on, facilities that—because of their operations, the emission of toxic agents, or the possibility of eventual accidents at normal times or during an emergency—might affect the safety of the contemplated health facility.

An aspect worth considering is the feasibility of having the local regulatory plan modified in such a way that no activities can be carried out in the future that endanger the hospital and its operations.

2.2 Site selection procedures 
The selection of the site involves three stages, each with its own activities or substages. 
Stage 1: Compilation of background data
Stage 2: Assessment of siting options
Stage 3: Site selection
2.2.1
Stage 1: Compilation of background data
2.2.1.1
Preliminary studies
When the different siting options have been selected by the Client Institution, it will be necessary to evaluate any background data available concerning each of the options. The team in charge of site selection must determine whether the available data are sufficient or more information is required in order to compare the various options and select the definitive site. Table 10 lists some of the activities that should be carried out at this stage.

	Table 10

Preliminary activities

	

	Selection of professional team (see Chapter V)

	Definition of protection objectives and expected level of damage

	Definition of siting options

	Delimitation of the boundaries within which the potential sites would  be located

	Area to be occupied by the facility

	Area of influence 

	Roads

	Lifelines

	Review of local regulatory plans 

	Preliminary studies

	Human settlements and infrastructure in the region

	Inhabited area

	Services

	Roads and available forms of transportation

	Review of existing laws and regulations 

	Review of regional development plans 

	Review of existing cartography 

	Review of general information regarding the sites of interest and their surroundings

	Review of background data regarding adverse natural phenomena that have taken place in the region, such as landslides or mudslides, strong winds, floods, seismic events or volcanic eruptions

	Compilation of preliminary geotechnical data regarding the potential sites

	Compilation of information gathered for other projects that have been developed in the area

	Opinion of government bodies and NGOs

	Opinion of experts


At this stage, the team of specialists participating in the project must estimate the probability of occurrence of the various natural phenomena considered in this handbook. This is necessary in order to define the level of detail of the studies required to characterize the hazards in the sites chosen. In case not enough information is available, or there are doubts regarding that information, the team of specialists must inform the Project Director and Coordination Team and recommend which studies are needed to characterize the prevailing hazards on each site. The level of detail of the studies will also be determined, naturally, by the performance objective chosen for the facility (see Table 8).

2.2.1.2 Studies required for assessing the risks prevalent in each of the siting options
At the beginning of this stage, the team of specialists must evaluate if the information compiled during the preliminary stage is sufficient to preselect the best potential sites for the facility. If it is, the next step is to carry out a closer evaluation of the siting options, as discussed further on in this chapter. If the information required is not available, the team of specialists must carry out all studies necessary for producing the information that will characterize the hazards prevalent in each site. An example of the types of studies required can be found in Annex A.

2.2.2
Stage 2: Assessment of the siting options
2.2.2.1
Processing the data
The information compiled during the preliminary studies, or that obtained later as needed, must be processed in order to characterize the hazards and level of risk at each of the siting options. Flow chart 4 summarizes the main variables that must be quantified in order to determine the natural hazards prevalent at each site.
Flow chart 4

Quantification of the Risk
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To obtain the results summarized in the chart above the tasks specified in tables 11a through 11f must be carried out.
	Table 11a

Assessment of landslide risk

	

	Assessment of conditions for the occurrence of a landslide

	Historical background

	Vegetation

	Geological conditions

	Natural strata

	Topographical conditions

	Steepness of slopes

	Geomechanical conditions

	Stratigraphic sections

	Strata of low cohesion and low shear-strength soil 

	Soil and rock degradation

	Watercourse-related hazards (destabilization)

	Seismic hazard

	Human intervention

	Assessment of slope stability 

	Preliminary assessment

	Detailed assessment

	Dimensions of the risk of landslides

	Surface affected and volume displaced

	Velocity of the landslide

	Safety factors 

	Likelihood 

	Production of landslide risk maps (microzoning)


	Table 11b

Assessment of mudslide risk

	

	Assessment of conditions for the occurrence of mudslides

	Historical background

	Meteorological conditions 

	Vegetation

	Geological conditions

	Naturally unstable strata

	Topographical conditions 

	Steepness of slopes

	Geomechanical conditions

	Stratigraphic sections

	Low-cohesion soil with low shear strength

	Soil and rock degradation

	Drainage and permeability

	Human intervention

	Dimensions of the risk of mudslides

	Surface affected and volume of material displaced

	Mudslide speed

	Likelihood

	Production of mudslide risk maps (microzoning)


	Table 11c

Assessment of the risk of strong winds

	

	Assessment of conditions for the occurrence of strong winds

	Historical background

	Meteorological conditions 

	Topographical conditions

	Dimensions of the risk of strong winds

	Wind speed

	Likelihood

	Production of wind speed  maps (microzoning)


	Table 11d

Assessment of flood risk 

	

	Assessment of conditions for the occurrence of floods

	Historical background

	Meteorological conditions 

	Existence of watercourses in the area

	Topographical conditions (low-lying areas)

	Permeability and use of the soil

	Risk of flood by tsunami

	Human intervention

	Identity of critical points – Calculation of hydraulic axes

	Identity of critical overflow points during floods

	Dimensions of the risk of flooding

	Surface affected

	Height of flood water level

	Flow speed 

	Likelihood 

	Production of flood risk maps (microzoning)


	Table 11e

Assessment of seismic risk

	

	Characterization of seismogenic conditions

	Establishment of frequency-magnitude ratios

	Estimation of the maximum probable seismic event 

	Estimation of seismic risk

	Probabilistic seismic hazard analysis

	Definition of attenuation factors

	Estimation of the duration of strong ground motion

	Estimation of the predominant period of ground motion

	Deterministic seismic hazard analysis

	Dimensions of the seismic risk

	Linear response spectrum 

	Foundation-soil liquefaction potential 

	Likelihood of massive landslide (See section on landslides)

	Likelihood of tsunamis (See section on floods)

	Production of seismic risk maps for each of the siting options


	Table 11f

Assessment of volcanic risk 

	

	Assessment of likelihood of volcanic activity

	Likelihood of lateral explosions

	Likelihood of being in the path of pyroclastic flows 

	Likelihood of being in the path of lava flows 

	Likelihood of massive landslides 

	Likelihood of mudslides

	Likelihood of contamination by gases and ashes

	Likelihood of solid and particulate matter emissions 

	Likelihood of tsunamis

	Dimensions of the risk of volcanic activity

	Surface affected (area of influence of volcanic action)

	Velocity of the flows

	Degree of toxicity of gases emitted

	Magnitude of related ground motion

	Characterization of probable mudslides (See section on mudslides)

	Characterization of probable floods due to tsunamis (See section on floods)

	Likelihood

	Production of volcanic risk maps (microzoning)


2.2.2.2
Technical and economic feasibility of protection systems
In the case of each likely natural hazard, the technical and economic feasibility of implementing overall protection systems for the structure through the execution of peripheral works and other actions must be evaluated.  The following table lists some of these actions.
	Table 12

Actions that can assist in the overall protection of the facility

	

	Strategies for protection against landslides and mudslides

	Slope stabilization

	Soil stabilization through the use of geotextiles

	Knocking down unstable masses

	Reforestation

	Cleaning natural watercourses, canals

	Construction of drainage facilities

	Construction of alluvial terraces

	Constant monitoring (instrumentation); early warning systems

	Strategies for protection against strong winds

	Production of technical detailing specifications 

	Reforestation

	Permanent monitoring of meteorological conditions; early warning systems

	Strategies for flood protection 

	Construction of protection barriers at critical points of the watercourse

	     Construction of gavions [retaining walls made of rocks and chicken wire] along the full length of the watercourse

	Cleaning natural watercourses and canals

	Construction of drainage facilities

	Reassessment and improvement of rainwater collection and drainage

	Reinforcement of the structural system

	Others

	Strategies for seismic protection

	Production of technical specifications for seismic-resistant design

	Strategies for protection against volcanic activity

	Permanent monitoring and early warning system


2.2.2.3
Impact of hazards on the sites under consideration 
In the case of each prevailing hazard, an assessment must be made of its likely impact on the population to be served, as well as on local lifelines, related agencies, and overall access to health services. The likely impact of the phenomenon on the health network of the region—and, where appropriate, of the country—must also be assessed. This assessment should not only consider the network’s infrastructure but also the functional, economic, and political aspects. All too often, while damage to health infrastructure may be manageable from a technical viewpoint, the political impact can be devastating.

2.2.3
Stage 3: Site selection
2.2.3.1
Selection of the best option
The information compiled must be processed in order to select the safest and most convenient site for the facility. Table 13 summarizes the minimum activities required for the selection of the best site.
	Table 13

Site selection 

	

	Production and superimposition of hazard data

	Assessment of the level of risk at each of the siting options

	Characterization of the hazards present at each site

	Cost assessment for the overall protection of the structure

	Cost assessment for the protection of key services, systems and components

	Vulnerability assessment (likely impact of each hazard)

	Comparative cost/benefit analysis of the various options

	Selection of definitive site for the structure


In some circumstances it is not possible to meet the desired performance objective due to the extreme conditions in which the target population is forced to live. Given the lack of safe locations, the project’s performance standards should guide siting choices in ways such as the following:

i. Dividing the functions of the facility in such a way that they are carried out in different locations that are remote from each other.

ii. Procuring mobile or temporary facilities.

iii. Producing effective reference systems so that the population can easily be transferred to health facilities in other areas.

These options make it possible to distribute or reduce the risk.  They also increase costs and make operations more complex than might be desired, but may be the only reasonable alternative if the level of risk is too great.
2.2.3.2 Production of document summaries
The information obtained during the preliminary stage through the risk assessments and the process of site selection must be summarized in a document that should include, at the very least, the following content:

· Explanation of the reasons for the choice of site. 
· Description of the risks identified in the site.

· Causes of those risks.

· Characterization of the risks.

· Design recommendations for the facility, including the length of time it can remain cut off from basic services (water, electricity, etc.).

· Design and protection recommendations for the area of influence.

· Protection objectives for the health facility.

3 Assessment of site safety 
Form 3 below should assist the Project Director and the Coordination Team in selecting a safe site for the hospital.

	Form 3
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Nombre Hospital:

Servicio de Salud:

Alternativa de ubicación:

Amenazas de la Naturaleza Presentes en la Alternativa:

Suficiente

Insuficiente

Alto

Bajo

Detallado

Básico

Especialistas Requeridos para Estudios de Amenazas:

Otros Aspectos a Considerar en la Selección de Sitio:

Sí

No

Sí

No

Cercanía con industrias

Instalaciones militares

Plantas químicas

Rellenos Sanitarios

Refinerías

Aeropuertos

Centros de procesamiento 

Rutas de transporte

Otro

Otro

Características de las amenazas

2

:

Deslizamiento de tierra

Superficie  afectada y volumen desaplazado:

Velocidad del deslizamiento:

Factores de seguridad al deslizamiento:

Probabilidad de ocurrencia:

Posibilidad de control:

Aluviones

Superficie  afectada y volumen desaplazado:

Velocidad del deslizamiento:

Probabilidad de ocurrencia:

Posibilidad de control:

SELECCIÓN DE SITIO

COORDINADOR DE PROYECTO

1

Deslizamiento de Masas de Suelo

g

f

e

d

c

Sismo

g

f

e

d

c

Volcanismo

g

f

e

d

c

Inundación

g

f

e

d

c

Huracán

g

f

e

d

c

Información Disponible

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

Nivel de Peligro

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

Estudio Requerido

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c







Urbanista

g

f

e

d

c

Topógrafo

g

f

e

d

c

Geólogos

g

f

e

d

c

Mecánico de Suelos

g

f

e

d

c

Meteorólogos

g

f

e

d

c

Hidrólogos

g

f

e

d

c

Ing. Hidráulico

g

f

e

d

c

Sismólogo

g

f

e

d

c

Ing. Viento / Esp. Hidrodinámica

g

f

e

d

c

Ing. Sísmico

g

f

e

d

c

Ing. Estructural

g

f

e

d

c

Volcanólogo

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c



















Si

g

f

e

d

c

No

g

f

e

d

c

Si

g

f

e

d

c

No

g

f

e

d

c
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Viento Fuerte

Velocidad del viento fuerte:

Probabilidad de ocurrencia:

Posibilidad de control:

Inundación

Superficie afectada:

Altura de inundación:

Velocidad del flujo:

Probabilidad de ocurrencia:

Posibilidad de control:

Sismo

Espectro de diseño:

Consecuencias geotécnicas directas:

(Descripción)

Posibilidad de control:

Costos aproximados de implementar sistemas de protección (US$):

Deslizamiento:

Sismo:

 + 

Volcanismo:

 + 

Inundación:

 + 

Huracán:

 + 

Total Alternativa:

 =

Notas:

1.- Se deberá llenar un formulario por cada alternativa de sitio considerado.

2.-

El

equipo

de

especialistas

a

cargo

de

la

evaluación

de

las

amenazas

deberá

informar

al

Director

y

al

equipo

coordinador

las

características de los fenómenos naturales que pueden afectar la alternativa.









Si

g

f

e

d

c

No

g

f

e

d

c





Si

g

f

e

d

c

No

g

f

e

d

c

















Si

g

f

e

d

c

No

g

f

e

d

c
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