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ANEXO VII.1 
MEDIDAS DE MINIMIZAÇÃO. CONCEITOS 

 

Acompanhamento 
(arqueológico) 

As áreas sujeitas a mobilização de solo, nomeadamente em consequência das operações de 
preparação da obra, de montagem de estaleiros, de criação de áreas de depósito e 
empréstimo de terras, da abertura de caminhos paralelos e de acesso às frentes de trabalho, 
das desmatações, raspagens de solo, escavações e terraplanagens, deverão ter 
acompanhamento de obra por arqueólogo para detecção de eventuais vestígios 
arqueológicos e minimização dos impactes associados. Os resultados deste 
acompanhamento podem determinar a adopção de medidas de minimização específicas 
(registo, sondagens, escavações arqueológicas, etc.). Os achados móveis efectuados no 
decurso desta medida deverão ser colocados em depósito credenciado pelo organismo de 
tutela do património cultural. 

Conservação 

Todas as ocorrências registadas ou surgidas no âmbito das medidas de minimização 
devem ser conservadas intactas no local original,  

As ocorrências imóveis identificadas no decurso deste estudo ou que sejam reconhecidas 
durante o acompanhamento da obra devem, tanto quanto possível e em função do seu valor 
patrimonial, ser conservadas (mesmo que de forma passiva) de tal forma que não se degrade 
o seu estado de conservação actual, salvaguardando assim a possibilidade de retomarem o 
seu lugar na paisagem após o período útil de utilização da pedreira. Em termos operacionais, 
e no decurso da obra, esta medida pode concretizar‐se com a delimitação e sinalização de 
áreas de protecção às ocorrências que se pretendam conservar. 

Prospecção 
(arqueológica) 

As áreas funcionais da obra (estaleiros, depósitos de terras, áreas de empréstimo, outras 
áreas) deverão ser prospectadas, antes do início da obra, no caso de se situarem fora 
das zonas prospectadas no decurso deste EIA. Esta acção aplica‐se igualmente a zonas 
previamente prospectadas no âmbito do EIA, mas que devido ao coberto vegetal a 
observação não foi conclusiva, esta deverá realizar‐se após a desmatação. 

Registo  
(documental) 

Esta acção consiste na representação gráfica e fotográfica e na elaboração de memória 
descritiva das ocorrências de interesse patrimonial que possam ser destruídas em 
consequência da execução do projecto ou sofrer danos decorrentes da realização da 
obra. 

Sinalização 

Nas proximidades da frente obra deverão ser delimitadas com fita sinalizadora todas as 
ocorrências de interesse patrimonial, passíveis de afectação, mesmo que indirecta, na 
fase de construção (nomeadamente devido à circulação de máquinas, à instalação de 
áreas de depósito ou outras). Pretende‐se, desta forma, minorar ou evitar danos 
involuntários e garantir a conservação dessas ocorrências. 

Depósito 
As peças móveis de interesse arqueológico ou patrimonial que forem detectadas na área 
do projecto ou em locais afectos à obra deverão ser depositadas em local a designar 
pelo Instituto Português de Arqueologia. 
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Foto 1 – Área A 

Foto 2 – Área A (vista exterior) 
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Foto 3 – Área B

Foto 4 - Área B 
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1. Principles of impact significance assessment with the ARVI approach 

1.1. Assessment framework 

One deliverable of the IMPERIA project is a systematic approach called ARVI for assessing the significance 
of the expected impacts of a proposed development project. The fundamental principle of the ARVi 
approach is that for each impact (for instance noise, landscape or water quality) one first assesses the 
sensitivity of the target receptor in its baseline state, and then the magnitude of the change, which would 
probably affect the target receptor as a result of the proposed project. An overall estimate of the 
significance of an impact is derived from these judgments. Both the sensitivity of the target receptor and 
the magnitude of the change are evaluated systematically based on more detailed sub-criteria (Figure 1). 
These criteria are described in more detail on the following pages. 

 

 
             (Relevant chapter number in parentheses) 

Figure 1. The structure of the ARVI approach. 

The objective of this approach is to improve the transparency and consistency of impact assessment. In 
addition, the approach aims to promote dialog among EIA experts, between experts and stakeholders, and 
to improve the stakeholders’ and citizens’ understanding of impact characteristics. 

1.2. Assessment process 

The assessment process is described in Figure 2. For each alternative and impact combination under 
evaluation, an assessment form is filled including all the factors in the figure. Typically, each impact is 
assessed by an expert of the particular field, who evaluates all the alternatives with respect to this impact. 
Besides evaluation, it is important to also document the basis and rationale for reaching the conclusion in 
the evaluation form. 

 
Figure 2. The assessment process with the ARVI approach. 
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First, one has to consider whether assessment of the following aspects can be integrated or should be 
addressed separately: 

- Phases of the project, including construction, operation and decommissioning phase 
- Separate actions comprising the alternatives 
- Near and far impact zones 
- Time periods of the impacts 

If the impacts do not essentially differ from each other in terms of these dimensions, it is sufficient to fill in 
a single ARVI form. In other cases, one has to consider filling separate evaluation form for each dimension. 

For instance, typically one makes one overall assessment for the entire target area. However, this approach 
may be inappropriate in cases where the target area contains targets with distinctively different sensitivity 
or where the experienced effects are clearly of different magnitude. An example of this is an area which 
hosts one target sensitive to noise further away (experiencing a low magnitude), and another target 
insensitive to noise nearby (experiencing a large magnitude). In a case like this, it may be necessary to treat 
the near and far impact zones separately. On the evaluation form, fields are provided for specifying impact 
zones. Another instance which may require separate evaluation forms is the assessment of short and long-
term impacts. 
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2. Assessment of the sensitivity of the receptor 

Sensitivity of the receptor is a description of the characteristics of the target of an impact. It is a measure 
of 1) existing regulations and guidance, 2) societal value and 3) vulnerability for the change. The sensitivity 
of a receptor is estimated in its current state prior to any change implied by the project. 

2.1. Existing regulations and guidance 

Existing regulations and guidance describes whether there are any such objects in the impact area, which 
have some level of protection by law or other regulations (e.g. prohibition against polluting groundwater 
and Natura areas), or whose conservation value is increased by programs or recommendations (e.g. 
landscapes designated as nationally valuable). 

The following issues could be considered in the evaluation of this factor: 
- Are there any regulations in the legislation for the receptor? 
- Are there any targets in the area with preservation orders or classified as valuable? 
- Are there any species in the area classifies as endangered or threatened? 
- Does the receptor belong to any national or international protection program? 

 

Very high 
* * * * 

The impact area includes an object that is protected by national law or an EU 
directive (e.g. Natura 2000 areas) or international contracts which may prevent the 
proposed development. 

High 
* * * 

The impact area includes an object that is protected by national law or an EU 
directive (e.g. Natura 2000 areas) or international contracts which may have direct 
impact on the feasibility of the proposed development. 

Moderate 
* * 

Regulation sets recommendations or reference values for an object in the impact 
area, or the project may impact an area conserved by a national or an international 
program. 

Low 
* 

Few or no recommendations which add to the conservation value of the impact 
area, and no regulations restricting use of the area (e.g. zoning plans). 

2.2. Societal value 

Societal value describes the value of the receptor to the society and depending on the type of impact may 
be related to economic values (e.g. water supply), social values (e.g. landscape or recreation) or 
environmental values (e.g. natural habitat). Societal value measures general appreciation from the point of 
view of the society, but should not consider that much the point of view of individuals exposed to negative 
impacts. When relevant, the number of people impacted is taken into account. Generally the anxiety of 
interest groups is not included in societal value because anxiety is taken into account in social impact 
assessment. 

The following issues could be considered in the evaluation of this factor: 
- How valuable or important is the receptor in general? 
- Does the receptor have any cultural or historical values? 
- How extensive is the recreational or other use of the area? 
- Are there any valuable natural targets? 
- What is the number of affected people? 
- How original or unique is the state of the receptor? 
- Does the project raise any concerns or conflicts (only on social impacts)? 

 

Very high 
* * * * 

The receptor is highly unique, very valuable to society and possibly irreplaceable. It 
may be deemed internationally significant and valuable. The number of people 
affected is very large. 

High 
* * * 

The receptor is unique and valuable to society. It may be deemed nationally 
significant and valuable. The number of people impacted is large. 

Moderate 
* * 

The receptor is valuable and locally significant but not very unique. The number of 
people impacted is moderate. 
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Low 
* 

The receptor is of small value or uniqueness. The number of people impacted is 
small. 

2.3. Vulnerability for the change 

Vulnerability for the change describes how liable the receptor is to be influenced or harmed by pollution or 
other changes to its environment. For instance, an area which is quiet is more vulnerable to increasing 
noise than an area with industrial background noise. 

The following issues could be considered in the evaluation of this factor: 
- How vulnerable or susceptible is the state of the receptor for the external changes in the 

environment? 
- What is the ability of the receptor to tolerate changes? 
- Are there any sensitive targets in the area (hospitals, schools, kindergartens, etc.)? 

 

Very high 
* * * * 

Even a very small external change could substantially change the status of the 
receptor. There are very many sensitive targets in the area. 

High 
* * * 

Even a small external change could substantially change the status of the receptor. 
There are many sensitive targets in the area. 

Moderate 
* * 

At least moderate changes are needed to substantially change the status of the 
receptor. There are some sensitive targets in the area. 

Low 
* 

Even a large external change would not have substantial impact on the status of 
the receptor. There are only few or none sensitive targets in the area. 

2.4. Deriving the overall sensitivity of a receptor from components of sensitivity 

The overall sensitivity of a receptor is assessed by an expert on the basis on his/her assessment of the 
components of sensitivity. A general rule for deriving the overall sensitivity is to pick the maximum of 
existing regulations and guidance and societal value and then adjust that value depending on the level of 
vulnerability. However, the expert evaluating the impact should also use his/her judgment when necessary.  
The following are a few examples: 

 If the receptor is strictly conserved by regulation, its sensitivity is high even though if societal value 
is low. However, if the receptor is not vulnerable for changes, its sensitivity could be adjusted to 
moderate because it’s not liable to be harmed by external changes. 

 If there’s no regulation concerning the receptor, but it has moderate societal value (e.g. 
recreational value), sensitivity is assessed as moderate. For a receptor which is highly vulnerable 
that estimate could be adjusted even to high. 

In the table below, there are example descriptions of different categories for the sensitivity of the receptor.  
 

Very high 
* * * * 

Legislation strictly conserves the receptor, or it is irreplaceable to society, or 
extremely liable to be harmed by the development. Even minor influence by the 
proposed development is likely to make the development unfeasible. 

High 
* * * 

Legislation strictly conserves the receptor, or it is very valuable to society, or very 
liable to be harmed by the development. 

Moderate 
* * 

The receptor has moderate value to society, its vulnerability for the change is 
moderate, regulation may set reference values or recommendations, and it may be 
in a conservation program. Even a receptor which has major social value may have 
moderate sensitivity if it has low vulnerability, and vice versa. 

Low 
* 

The receptor has minor social value, low vulnerability for the change and no 
existing regulations and guidance. Even a receptor which has major or moderate 
social value may have low sensitivity if it’s not liable to be influenced by the 
development. 

 
 



Manual for the systematic Impact Significance Assessment – The ARVI approach 31.12.2015 

- 6 - 
 

3. Assessing the magnitude of the change 

Magnitude of the change describes the characteristics of changes the planned project is likely to cause. 
The direction of change is either positive (green) or negative (red). Magnitude is a combination of 1) 
intensity and direction, 2) spatial extent, and 3) duration. On duration, the timing of the impact should also 
be considered for impacts which aren’t observable all the time such as periodic impacts. Assessment of 
magnitude should evaluate the probable changes affecting the receptor without taking into account the 
receptors sensitivity to those changes. 

3.1. Intensity and direction 

Intensity describes the physical dimension of a development and direction specifies whether the impact is 
negative (”–”/red) or positive (”+”/green). Depending on the type of impact, intensity can often be 
measured with various physical units and compared to reference values, such as the decibel (dB) for sound. 
Some impacts, such as landscape, have no natural unit of measurement, so then an expert evaluates the 
impact relative to available frameworks. 

The objective is to make an assessment which describes the overall intensity across the impact area. 
However, it is common that intensity decreases over distance. Then a possible course of action is to assess 
intensity at the closest sensitive or at the most sensitive target at the impact area. In any case, the 
objective is to make an assessment which captures the overall characteristics of the impact. 

The following issues could be considered in the evaluation of this factor: 
- Is the change positive or negative? 
- Are there any reference values for the change? 
- Does the change cause exceeding regulatory limits? 
- How much is the increase in the load or emissions? 
- How severe are the changes caused by the project? 
- How essential is the change? 
- How much the project affects the characteristics of the area? 
- How much the project affects the living conditions of people and nature? 

 

Very high  
+ + + + 

The proposal has an extremely beneficial effect on nature or environmental load. A 
social change benefits substantially people’s daily lives. 

High  
+ + + 

The proposal has a large beneficial effect on nature or environmental load. A social 
change clearly benefits people’s daily lives. 

Moderate  
+ + 

The proposal has a clearly observable positive effect on nature or environmental 
load. A social change has an observable effect on people’s daily lives. 

Low  
+ 

An effect is positive and observable, but the change to environmental conditions 
or on people is small. 

No impact An effect so small that it has no practical implication. Any benefit or harm is 
negligible. 

Low  
– 

An effect is negative and observable, but the change to environmental conditions 
or on people is small. 

Moderate  
– – 

The proposal has a clearly observable negative effect on nature or environmental 
load. A social change has an observable effect on people’s daily lives and may 
impact daily routines. 

High 
– – – 

The proposal has a large detrimental effect on nature or environmental load. A 
social change clearly hinders people’s daily lives. 

Very high  
– – – – 

The proposal has an extremely harmful effect on nature or environmental load. A 
social change substantially hinders people’s daily lives. 

3.2. Spatial extent 

Spatial extent describes the geographical reach of an impact area, or the range within which an effect is 
observable. In principle, spatial extent can be expressed as distance from the source, but the extent of an 
impact area may vary by direction due to topography, vegetation or other factors. 
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The following issues could be considered in the evaluation of this factor: 
- In how large area can the change be observed? 
- What share of the overall living territory of the target is covered by the project? 

 

Very high  
* * * * 

Impact extends over several regions and may cross national borders. Typical range 
is > 100 km. 

High * * * Impact extends over one region. Typical range is 10-100 km. 

Moderate * * Impact extends over one municipality. Typical range is 1-10 km. 

Low * Impact extends only to the immediate vicinity of a source. Typical range is < 1 km. 

3.3. Duration  

Duration describes the length of time during which an impact is observable and it also takes other related 
issues such as timing and periodicity into account. These are relevant for impacts which aren’t observable 
all the time such as periodic impacts. A long-term impact, for example, can be comparable to a periodic 
moderate-term impact which occurs at such periods that it causes the least possible disturbance. 

The following issues could be considered in the evaluation of this factor: 
- How long can the change be observed? 
- Is the change irreversible? 
- How periodic and regular is the change? 
- What is the timing of the change? 

 

Very high 
* * * * 

An impact is permanent. The impact area won’t recover even after the project is 
decommissioned. 

High  
* * * 

An impact lasts several years. The impact area will recover after the project is 
decommissioned. 

Moderate  
* * 

An impact lasts from one to a number of years. A long-term impact may fall into 
this category if it’s not constant and occurs only at periods causing the least 
possible disturbance 

Low  
* 

An impact whose duration is at most one year, for instance during construction 
and not operation. A moderate-term impact may fall into this category if it’s not 
constant and occurs only at periods causing the least possible disturbance. 

3.4. Deriving the overall magnitude of the change from components of magnitude 

Magnitude of the change is a comprehensive synthesis of its component factors. In a case, where intensity, 
spatial case and duration all get the same value, the magnitude would also be given this value. In other 
cases, intensity should be taken as a starting point, and the assessment should be adjusted based on spatial 
extent and duration to obtain an overall estimate. Also here, the expert evaluating the impact should also 
use his/her judgment when necessary. The aim is that the overall assessment should capture the 
characteristics of an effect.  

The table below describes some example descriptions of different categories for the magnitude of the 
change. 
 

Very high  
+ + + + 

The proposal has beneficial effects of very high intensity and the extent and the 
duration of the effects are at least high. 

High  
+ + + 

The proposal has beneficial effects of high intensity and the extent and the 
duration of the effects are high. 

Moderate  
+ + 

The proposal has clearly observable positive effects on nature or people’s daily 
lives, and the extent and the duration of the effects are moderate. 

Low  
+ 

An effect is positive and observable, but the change to environmental conditions 
or on people is small. 

No impact No change is noticeable in practice. Any benefit or harm is negligible. 

Low  An effect is negative and observable, but the change to environmental conditions 
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– or on people is small. 

Moderate  
– – 

The proposal has clearly observable negative effects on nature or people’s daily 
lives, and the extent and the duration of the effects are moderate. 

High  
– – – 

The proposal has harmful effects of high intensity and the extent and the duration 
of the effects are high. 

Very high  
– – – – 

The proposal has harmful effects of very high intensity and the extent and the 
duration of the effects are at least high. 
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4. Assessing the significance of an impact 

The assessment of significance is based on the magnitude of the change affecting a receptor and on the 
sensitivity of the receptor to those changes. In the assessment of the overall significance, one can utilize a 
table show below, where positive impacts are in green and negative in red. The values obtained from the 
table are indicative because the most relevant dimensions for characterizing an impact are dependent on 
the type of impact. Thus, some discretion from the expert is required, in particular in cases, where the one 
component is low and the other one high or very high. In any case, it is essential that experts retain 
informed judgment and record their reasoning on the assessment form. 
 

Impact 
significance 

Magnitude of change 

Very high High Moderate Low No change Low Moderate High Very high 

Se
n

si
ti

vi
ty

 o
f 

th
e 

re
ce

p
to

r 

Low High* Moderate* Low Low No impact Low Low Moderate* High* 

Moderate High High Moderate Low No impact Low Moderate High High 

High Very high High High Moderate* No impact Moderate* High High Very high 

Very high Very high Very high High High* No impact High* High Very high Very high 

  

*  Especially in these cases, significance might get a lower estimate, if sensitivity or magnitude is near the 
lower bound of the classification 

5. Evaluation of uncertainty and risks 

The assessment of the future impacts of the project might involve various uncertainties inherited from 
different kinds of sources. In the ARVI form one can address three drivers of uncertainty: 

1. Uncertainty about the realization of the impact. Assessment of how probable it is that the impact 
will be realized at the level anticipated. Typically, this issue is related to the uncertainty about the 
future conditions and external influences. 

2. Imprecision in the assessment. Assessment of imprecision related to the evaluation, for example, 
due to lack of baseline information and imprecise models.  

3. Risks arising from the possible disruptions of the process. Assessment of the risks related to fault 
situations or disruptions of the process, which may be improbable but may result potentially major 
consequences if not properly managed. Assessment of risk involves estimation of probability and 
the level of consequence for a number of fault scenarios. 

The evaluator assesses each type of uncertainty on a scale (not at all / low / moderate / high). 

6. Evaluation of mitigation measures 

Mitigation measures are evaluated on the basis of how effective they are in reducing potentially significant 
environmental impacts. For each impact, the evaluator assesses to what extent it can be mitigated on a 
scale (not at all / low / moderate / high), and specifies what measures are included in the assessment. The 
evaluator is also asked to estimate residual significance, namely the significance after the specified 
measures are implemented. Typically, mitigation measures influence the intensity of an effect, so residual 
significance can be estimated by plugging in new values to the familiar framework. It is a good practice to 
document what components of magnitude are reduced by a given measure. 

7. Assessment of cumulative impacts 

Cumulative impacts can arise from an interaction between the various impacts of a single development, or 
from the interaction between distinct developments in the same region. The coexistence of impacts may, 
for example, increase or decrease their combined impact. Similarly, other developments in the region may, 
for example, contribute to a build-up of environmental load on shared resources. The expert is asked to 
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identify and assess cumulative impacts. Reasoning should include a documentation of the origin of 
cumulative effects. 
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Descrição do Modelo CHEMS‐PLUS 
 
O modelo CHEMS‐PLUS da Arthur D. Little, destina‐se a fornecer informação aos projectistas de 
sistemas de emergência, com base em métodos integrados de cálculo, que incluem a dispersão 
de gases e vapores tóxicos e os efeitos de incêndio e explosão, resultantes de descargas 
episódicas de substâncias perigosas no ambiente. 
 
O CHEMS‐PLUS inclui um conjunto de modelos para simulação de acidentes com produtos 
químicos (base de dados com muitas dezenas de substâncias químicas), que podem ser 
utilizados sequencialmente para avaliar as consequências de derrames. O programa permite 
que o utilizador avalie um cenário complexo de acidente, repartindo esse cenário em blocos 
separados, com os resultados de cada bloco a serem utilizados no bloco seguinte.  
 
Modelo de Dispersão de Gases Tóxicos  

É utilizado um modelo gaussiano de duração finita, validado por Palazzi et al, com base nos 
dados experimentais de De Faveri (“Diffusion from a Steady Source of Short Duration”). O 
modelo utiliza os coeficientes de dispersão Pasquill‐Gifford. 
 
O modelo de dispersão de gases, para fugas instantâneas ou contínuas, entra em linha de conta 
com as equações associadas à conservação da massa, altura da nuvem, influência da gravidade, 
entradas de ar, evolução da descida da nuvem, equilíbrio físico e balanço de energia. 
 
Modelos de cálculo da radiação térmica 

Radiação térmica de Bola de Fogo 

O modelo assume que a gravidade das queimaduras depende da quantidade de energia que é 
absorvida pela pele, após atingir‐se a temperatura de 55ºC. Se a energia exceder 40 kJ/m2, 
verificam‐se queimaduras de 2º grau. Para uma exposição total superior a 160 kJ/m2, ocorrem 
queimaduras de 3º grau. 
 
O modelo baseia‐se nos estudos efectuados por Mudan e Desgroseilliers sobre a radiação 
térmica associada a bolas de fogo, bem como por Fay et al. (“Radiation from Burning 
Hydrocarbon Clouds” e “Unsteady Burning of Unconfined Fuel Vapor Clouds”) e calcula o 
diâmetro máximo, a altura e a duração da bola de fogo, bem como a distância de segurança à 
zona de fatalidade e de danos graves. 
 
Jactos de Chama 

O modelo baseia‐se nos estudos efectuados por Hawthorne et al (“Mixing and Combustion on 
Turbulent Gas Jets”) e Hottel et al (“Diffusion in Laminar Flame Jets”) e utiliza a correlação de 
Brzustowski para o comprimento da chama. 
 
Os efeitos da radiação térmica de jactos de chama são estimados através do cálculo do 
comprimento da chama com base nas características do combustível, considerando‐se de que a 
zona de danos é o dobro do comprimento da chama. 
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Incêndios em derrames 

O modelo utiliza um cálculo com quatro passos: definição das características geométricas da 
chama, estimativa das características de radiação da chama, dos coeficientes de atenuação e 
cálculo da geometria dos “view factors” entre o observador e a chama.  
 
A dimensão da chama é calculada com base na superfície do derrame e nas características 
termo‐químicas do combustível derramado e da velocidade do vento. Por sua vez, a radiação é 
calculada com base na dimensão do incêndio, do grau de mistura com o ar e da temperatura da 
chama.  
    
  O modelo CHEMS‐PLUS utiliza os seguintes valores de radiação: 

 
• Zona de fatalidade:...................... 10 kW/m2; 

• Zona de danos graves: ................... 5 kW/m2. 
 

Os níveis de radiação indicados baseiam‐se nos estudos de Mudan, K.S. (“Thermal Radiation 
Hazards from Hydrocarbon Pool Fires”). 
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       CHEMS-PLUS                                               Página 1 
       Utilizador: Nuno                              10 de Abril de 2018 
       Local:      Tecninvest 
 
 
        
       Cenário 
       -------- 
        
       Fuga e Ignição de Gás Natural 
        
        
        
        
       Características 
       --------------- 
        
       Substância                       METANO 
       Fórmula                          CH4 
       Peso Molecular                   16.043 lbm/lbmol 
       Ponto de Ebulição                -258.632 ºF 
       Limite Inferior de Explosividade 5.0% (Vol.) 
       Limite Superior de Explosividade 15.0% (Vol.) 
       
 
       Dados  
       ====== 
        
       Temperatura                               68    [F] 
       Pressão                                   58    [PSIA] 
       Comprimento da Tubagem                    170   [FT] 
       Diâmetro da Tubagem                       8     [INCHES] 
       Área de descarga                          0,349 [FT2] 
         
        
       Cp/Cv                                     1.305 
       Pressão de Decarga                        14.5  [PSIA] 
       Temperatura de Descarga                   53.73 [F] 
       Volume Específico de Descarga             23.68 [FT3/LB] 
       Caudal de Descarga                        544   [LBS/MIN] 
        
        
       Resultados (Jacto de Chama) 
       ============================ 
        
       Diâmetro da Fuga                                  1  [INCHES] 
       Comprimento da Chama                             35  [FT] 
       Raio de Danos Graves                             69  [FT] 
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       CHEMS-PLUS                                           Página:   1 
       Utilizador: Nuno                             10 de Abril de 2018 
       Local:      Tecninvest 
 
 
        
       Cenário 
       -------- 
        
       Explosão do Barrilete da Caldeira 
        
        
       Características 
       --------------- 
        
       Substância       Água 
       Fórmula                H2O  
       Peso Molecular          18.015 lbm/lbmol 
       Ponto de Ebulição       212.050 ºF 
        
        
       Dados 
       ===== 
        
       Presão no Reservatório                         1359  [PSIA] 
       Temperatura Ambiente                             68  [F] 
       Cp/Cv                                           1.3 
       Volume de Vapor                                 173  [FT3] 
        
        
       Distância  Sobrepr.  Distância  Sobrepr. Distância  Sobrepr. 
         (ft)       (psi)      (ft)     (psi)      (ft)     (psi) 
       --------  --------  --------  --------  --------  ---------- 
        
             50     11.75       750      0.33      1450      0.15 
            100      5.11       800      0.30      1500      0.14 
            150      2.24       850      0.28      1550      0.14 
            200      1.59       900      0.26      1600      0.13 
            250      1.22       950      0.25      1650      0.13 
            300      0.98      1000      0.23      1700      0.12 
            350      0.81      1050      0.22      1750      0.12 
            400      0.69      1100      0.21      1800      0.11 
            450      0.60      1150      0.19      1850      0.11 
            500      0.53      1200      0.19      1900      0.11 
            550      0.47      1250      0.18      1950      0.10 
            600      0.43      1300      0.17      2000      0.10 
            650      0.39      1350      0.16      2050      0.10 
            700      0.35      1400      0.15      2100      0.09 
        
        
 



 

Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA  

 

Anexo X 

Bibliografia 
 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐1 

Clima 

− Daveau, S. et al. ‐ Mapas climáticos de Portugal, Memórias do C. E. G., nº 7, Lisboa, 1985, 
84 p. e 2 mapas fora do texto. 

− Daveau, S. et al. ‐ Répartition et rythme des précipitations au Portugal, Memórias do C. E. 
G., nº 3, Lisboa, 1977, 189 p., e 4 mapas fora do texto. 

− Escourrou, G. 1981 ‐ Climat et Environment, Les facteurs locaux du climat ‐ Masson, Paris. 

− Ferreira, D.F. 1981 ‐ Carte Géomorphologique du Portugal ‐ Memórias do Centro de 
Estudos Geográficos nº6, CEG, Lisboa. 

− Ficha Climática da Figueira da Foz, ClimAdaPT.local – Estratégias Municipais de Adaptação 
às Alterações Climáticas (www.climadapt‐local.pt). 

− Geiger, R. 1980 ‐ Manual de Microclimatologia, O Clima da Camada de Ar Junto ao Solo ‐ 
Fundação Calouste Gulbenkian, Lisboa. 

− Instituto de Meteorologia, Normais Climatológicas da Estação Meteorológica de Barra da 
Mondego, no período 1951‐1980. 

− IPCC – Intergovernmental Panel on Climate Change ‐ Quinto relatório de avaliação (AR5), 2013. 

− IPCC – Intergovernmental Panel on Climate Change – Synthesis Report, 2014. 

− Medeiros, C.A., 2005, Geografia de Portugal – Vol. I – O Ambiente Físico, Círculo de 
Leitores, Lisboa. 

− Penha‐Lopes, et al., Sumário Executivo do Projecto ClimAdaPT.Local, Faculdade de Ciências 
da Universidade de Lisboa, 2016. 

− Ribeiro, O., 1965 – Mapa Oro‐hidrográfico de Portugal – Centro de Estudos Geográficos, Lisboa. 
 

Geologia 

− Cabral, J. (1995) ‐ Neotectónica em Portugal Continental. Memórias do Instituto Geológico 
e Mineiro, nº 31, Lisboa, 265 pp. 

− Carta Geológica de Portugal, n.º 19‐C, à escala 1:50 000, dos Serviços Geológicos de 
Portugal e respectiva Notícia Explicativa, 1975. 

− Carta Geológica de Portugal, da Comissão Nacional do Ambiente, à escala 1:1 000 000 e 
respectiva Notícia Explicativa, 1982. 

− Carta Geológica de Portugal, à escala 1:500 000, dos Serviços Geológicos de Portugal 
(actualmente Instituto Geológico e Mineiro) e respectiva Notícia Explicativa, 1992. 

− Carta Litológica de Portugal, da Comissão Nacional do Ambiente, à escala 1:1 000 000 e 
respectiva Notícia Explicativa, 1982. 

− Ribeiro et al. (1979) ‐ Introduction à la Géologie Générale du Portugal, Lisboa, Serviços 
Geológicos de Portugal, 114 p.. 

− Teixeira, C.; Gonçalves, F.., 1980 – Introdução à Geologia de Portugal – Instituto Nacional 
de Investigação Científica, Lisboa. 

 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐2 

Solos 

− Cardoso, J.C.; 1965 – Os Solos de Portugal – Sua Classificação, Caracterização e Génese 1 – A 
Sul do Rio Tejo – Direcção Geral dos Serviços Agrícolas, Secretaria de Estado da Agricultura, 
Lisboa. 

− Cardoso, J.C.; Bessa, M.T.; Marado, M.B., 1973 – Carta de Solos de Portugal (1:1 000 000) – 
Agronomia Lusitana, Vol. XXXIII, Tomo I‐IV, pp 481‐602. 

− Carta Corine Land Cover, 2006 do Instituto Geográfico Português, à escala 1:100 000. 

− Carta de Solos de Portugal, à escala 1:25 000, publicada pelo SROA – Serviço de 
Reconhecimento e Ordenamento Agrário da Secretaria de Estado da Agricultura (folhas 248‐A 
e 249). 

− SROA (1972) ‐ "Carta de capacidade de uso dos solos de Portugal. Bases e normas 
adaptadas na sua elaboração". Boletim de Solos (SROA) 12: 1‐195. 
 

Recursos Hídricos 

− Almeida, C; Mendonça, J.J.L., Jesus; M.R, Gomes, A. J. – "Sistemas Aquíferos de Portugal 
Continental", Centro de Geologia, Instituto da Água, Dezembro de 2000. 

− Atkins et al. (2012), Plano de Gestão de Região Hidrográfica do Vouga, Mondego e Lis, 
MAMAOT. 

− Cortes, R.M.V., Ferreira, M.T., 2008. Estado Ecológico das Massas de Água. A Situação em 
Portugal. Actas do 6.º Congresso Ibérico sobre Gestão e Planificação da Água. 

− INAG, I.P. 2008. Tipologia de Rios em Portugal Continental no âmbito da implementação da 
directiva Quadro da Água. I – Caracterização abiótica. Ministério Ambiente, do 
Ordenamento do Território e do Desenvolvimento Regional. Instituto da Água, I.P. 

− INAG, Serviço Nacional de Informação de Recursos Hídricos (SNIRH). 

− Índice Hidrográfico e Classificação Decimal dos Cursos de Água de Portugal, MHOP, DGRAH, 
Lisboa, 1981. 

− INSAAR, Inventário Nacional de Sistemas de Abastecimento de Água e de Águas Residuais; 

− LNEC, 287/2011 – NAS, “Caracterização da Vulnerabilidade à Poluição dos Sistemas 
Aquíferos da Região Hidrográfica do Centro, Lisboa, 2011. 

− Machado, A., Silva M., Valentim, H., 2010. Contributo para a Avaliação do Estado das 
Massas de Água na Região Norte. Revista da Associação Portuguesa dos Recursos Hídricos, 
Vol. 31 #01, pp. 57‐63. 

− Monografias Hidrológicas dos Principais Cursos de Água de Portugal Continental, MPAT, 
SEARN, Divisão de Hidrometria, Lisboa, 1986; 

− Portela, M. M.; Silva, A. T.; Melim, C. P, 2000. O efeito da Ocupação Urbana nos Caudais de 
Ponta de Cheias Naturais em Pequenas Bacias Hidrográficas". 5.º Congresso da Água, 16 p., 
Associação Portuguesa dos Recursos Hídricos (APRH), Lisboa. 

− Quintela, A., Recursos de Águas Superficiais em Portugal Continental (Dissertação 
Apresentada ao Instituto Superior Técnico para Obtenção do Grau de Doutor em 
Engenharia Civil), Lisboa, 1967. 

− SNIAMB, Sistema Nacional de Informação de Ambiente (sniamb.ambiente.pt). 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐3 

 
Qualidade do Ar 

− Air Quality Guidelines for Europe, OMS, 2000 (2.ª edição). 

− Inventário Nacional de Emissões Atmosféricas (INERPA) – “Emissões de poluentes 
atmosféricos por concelho: gases acidificantes e eutrofizantes, precursores de ozono, 
partículas, metais pesados e gases com efeito de estufa”, APA, 2009. 

− QUALAR – Base de Dados On Line da Qualidade do Ar (qualar.apambiente.pt). 

− Rede da Qualidade do Ar do Centro – Estação de Ervedeira, Comissão de Coordenação e 
Desenvolvimento Regional do Centro. 

 
Ambiente Sonoro 

− Agência Portuguesa de Ambiente; “Nota técnica para avaliação do descritor Ruído em AIA ‐ 
versão 2”; 2010. 

− Agência Portuguesa do Ambiente; DACAR; Guedes, Margarida; Leite, Maria João; “Directrizes 
para Elaboração de Mapas de Ruído ‐ Versão 3”; Agência Portuguesa do Ambiente; 2011. 

− Carvalho, A.P. Oliveira; Rocha, Cecília; “Manual Técnico Para Elaboração de Planos 
Municipais de Redução de Ruído”; Agência Portuguesa de Ambiente / FEUP – Laboratório 
de Acústica; 2008. 

− DG Environment/Wölfel; “Adaptation and revision of the interim noise computation methods 
for the purpose of strategic noise mapping, Final Report”; European Commission; 2003. 

− Instituto de Ambiente; “Notas técnicas para relatórios de monitorização de Ruído Fase de 
obra e fase de exploração; 2009. 

− Matos, João; Fradique, Jorge; Tavares, Luís; Guedes, Margarida; Leite, Maria João; “Guia 
prático para medições de ruído ambiente no contexto do Regulamento Geral do Ruído 
tendo em conta a NP ISO 1996”; Agência Portuguesa de Ambiente; 2011. 

− Pinto, Francisco Ramos, Guedes, Margarida, Leite, Maria João; “Projecto‐piloto de 
demonstração de mapas de ruído ‐ escalas municipal e urbana”; Instituto de Ambiente; Maio 
2004. 

− SP Technical Research Institute of Sweden; “IMA32TR‐040510‐SP08, Determination of Lden 
and Lnight using measurements”; Projecto IMAGINE; 2011. 

− Working Group Assessment of Exposure to Noise (WG‐AEN); “Good Practice Guide for Strategic 
Noise Mapping and the Production of Associated Data on Noise Exposure, Version 2”; 
European Commission; 2007. 

 
Ecologia 

− ALFA (Associação Lusitana de Fitossociologia) 2006. Habitats Naturais (Caracterização) – 
Fichas de Caracterização Ecológica e de Gestão – Plano Sectorial da Rede Natura 2000. Vol. 
II (Valores Naturais). Instituto da Conservação da Natureza. 

− Cabral, M.J. (coord.) Almeida, J. Almeida, P.R. Dellinger, T. Ferrand de Almeida, N. Oliveira, M.E. 
Palmeirim, J.M. Queiroz, A.I. Rogado, L. & Santos‐Reis, M. (2ª ed.) 2006. Livro Vermelho dos 
Vertebrados de Portugal. ICN. Lisboa. 

− Costa, J., et al., Biogeografia de Portugal Continental, Quercetea, Vol. 0 (1998), pp. 5‐56. 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐4 

− Cunha, Pedro & Antunes, Maria. 2015. Monitorização Ambiental do Emissário Submarino 
Celbi/Soporcel. III – Impacte sobre a Ictiofauna Costeira. Instituto Português do Mar e da 
Atmosfera. Departamento do Mar e dos Recursos Marinhos. Divisão de Aquacultura e 
Valorização. 

− Ferrand de Almeida, N. Ferrand de Almeida, P. Gonçalves, H. Sequeira, F. Teixeira, J. & 
Ferrand de Almeida, F. 2001. Anfíbios e Répteis de Portugal. FAPAS. Porto. 

− Ferreira, Octávio et al. 2010. Plano de Gestão Florestal das Matas Nacionais do Urso e do 
Pedrógão. Ministério da Agricultura, do Desenvolvimento Rural e das Pescas / Autoridade 
Florestal Nacional. 

− Franco, J.A., Atlas do Ambiente, Notícia Explicativa III.6 ‐ Zonas fitogeográficas 
predominantes. Ministério do Ambiente e do Ordenamento do Território, Lisboa, 2000. 

− Kottek, M., et al., 2006. World Map of Köppen‐Geiger Climate Classification. Updated, 
Meteorol. Z., 15. 259‐263. 

− Lars Svensson, Killian Mullarney, Dan Zetterström, Peter J. Grant, 1999, Collins Bird Guide: 
The Most Complete Guide to the Birds of Britain and Europe, HarperCollins. 

− Lista das Espécies de Aves do Distrito de Coimbra. In Aves de Portugal – O Portal dos 
Observadores de Aves (online). Elias, G. e Leitão, A. (Coord), 2008‐2010. (Consult. 2015‐04‐
27). Disponível em: www.avesdeportugal.info. 

− Loureiro, A., Ferrand de Almeida, N., Carretero, M.A. & Paulo,O.S. (eds.) (2008): Atlas dos 
Anfíbios e Répteis de Portugal. Instituto da Conservação da Natureza e da Biodiversidade, 
Lisboa. 257 pp. 

− Palmeirim, J.M., L. Rodrigues, A. Rainho e M.J. Ramos. 1999. Quirópteros. P. 42‐95 in Guia dos 
Mamíferos Terrestres de Portugal Continental, Açores e Madeira. Instituto da Conservação da 
Natureza e Centro de Biologia Ambiental da Universidade de Lisboa. 199 pp. 

− Palmeirim, J.M. e L. Rodrigues. 1992. Plano de Conservação dos Morcegos Cavernícolas. 
Estudos de Biologia e Conservação da Natureza, 8. 165 pp. 

− Rainho, Ana (Coord.) ‐ Atlas dos Morcegos de Portugal Continental. Lisboa: Instituto da 
Conservação da Natureza e das Florestas, 2013. 96p. 

 
Paisagem 

− Aguilar, M., 1981. Metodologia para a avaliação da fragilidade da paisagem visual.  Tesis 
Doctoral.  ETS de Ingenieros de Montes.  Universidade Politécnica de Madrid; 

− Cabral, F.C., 1993, Fundamentos da Arquitectura Paisagista, Instituto de Conservação da 
Natureza, Lisboa; 

− Cancela D’ Abreu, 2004, Contributos para a Identificação e Caracterização da Paisagem em 
Portugal Continental, Volume I e IV, Direcção‐Geral do Ordenamento do Território e 
Desenvolvimento Urbano (DGOTDU) e co‐financiado pela União Europeia (FEDER – Fundo 
Europeu de Desenvolvimento Regional, Programa INTERREG II C – Sudoeste Europeu); 

− Eastman, JR, 1992.  IDRISI.  Clark University.  Massachusetts; 

− Escribano, M. et al., 1987. Paisagem.  MOPU, Madrid; 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐5 

− Fabos, J., CASWELL, S.J., 1977, Composite Landscape Assessment. Procedures for Special 
Resources Hazards and Development Suitability, Part 2 of the Metropolitan Landscape 
Planning, Model METLAND, M.A.E.S. – U.M.A.C.F.N.R., Research Bulletin, n.637; 

− Fernandes, G.J.P., 2002, A Percepção da Paisagem. De Recurso Pedagógico a Objectivo 
Educativo – O Exemplo das Áreas de Montanha, 1º Colóquio Psicologia, Espaço e Ambiente, 
Évora, Universidade de Évora; 

− Ribeiro, Orlando, Portugal – o Mediterrâneo e o Atlântico, Lisboa, Livraria Sá da Costa, 1991 (6ª 
Ed.). 

 
Património 

− Alarcão, J. (1988) Roman Portugal, Vol. II, fasc. I, Warminster, Aries & Phillips. 

− Alarcão, j. (1988), O domínio romano em Portugal, 2ª ed., Publicações Europa‐América, Lisboa. 

− Cruz, P. (1900) “Museu Municipal da Figueira da Foz”, O Arqueólogo Português, 1ª série, 5, 
Lisboa. 

− Jorge, S. O. (1979) “Contributo para o estudo de materiais provenientes de estações 
neolíticas dos arredores da Figueira da Foz”, Actas da 1ª Mesa redonda sobre o Neolítico e 
o Calcolítico em Portugal, Porto, GEAP. 

− Mantas, V. (1996) A rede viária romana da faixa atlântica entre Lisboa e Braga, Coimbra, 
Dissertação de doutoramento apresentada à Faculdade de Letras da Universidade de 
Coimbra, Policopiado. 

− Mendonça, A. & Pereira, I. (1987) “Moinho das Doze Pedras, Lavos, Figueira da Foz, Coimbra”, 
Seminário de Musealização de Sítios, IPPC, Centro de Formação e Estudos, Departamento de 
Etnologia. 

− Rocha, A. S. (1889‐1903) “Mobiliário Neolítico disperso no vale inferior do Mondego e 
imediações, a Este do Concelho da Figueira”, Portugália, I, Porto. 

− Rocha, A. S. (1905) ‐ O Museu Municipal da Figueira da Foz – Catálogo Geral, Figueira, 
Imprensa Lusitana. 

− Rocha, A. S. (1949), Memórias e Explorações Arqueológicas, Vol. I, Coimbra. 

− Rocha, A. S. (1971), Memórias e Explorações Arqueológicas, Vol. II, Coimbra. 

− Rocha, A. S. (1975), Memórias e Explorações Arqueológicas, Vol. III, Coimbra. 

− Vilaça, R. (1988) ‐ Subsídios para o estudo da Pré‐História Recente do Baixo Mondego, 
Trabalhos de Arqueologia, 5, IPPC, Lisboa. 

 
Sócio‐Economia e Ordenamento do Território 

− Comunidade Intermunicipal do Médio Tejo: “Médio Tejo 2020: Plano Estratégico de 
Desenvolvimento 2014‐2020 – Relatório Final, Abril de 2014. 

− Instituto Nacional de Estatística – INE, Anuário Estatístico da Região Centro 2013, 2014, 2015 e 
2016. 

− Instituto Nacional de Estatística – INE, Página electrónica www.ine.pt. 

− Instituto Nacional de Estatística – INE, Recenseamentos Gerais da População e Habitação 
de 1981, 1991, 2001 e 2011. 



 

 Nova Caldeira a Biomassa da Navigator Pulp Figueira – EIA – Anexo X 
X‐6 

 
Análise de Risco 

− “Guidance on Environmental Liability Risk Assessment, Residual Management Plans and 
Financial Provision” – Environmental Protection Agency, Ireland, 2006. 

− “MARS Database in accordance with Seveso II Directive”, MARS, 2005. 

− Norma UNE 150 008:2008 – “Análisis y evaluation del riesgo ambiental”, AENOR, Março de 
2008. 

 
 


	Desenhos_Caldeira.pdf
	6.1_PB_2672402_2_Layout_drawings
	Model
	Model


	171108P1B.pdf
	Sheets and Views
	171108P1B-Model
	kehys



	171108P2A.pdf
	Sheets and Views
	171108P2A-Model
	kehys






