
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FINAL DEGREE PROJECT 
 
 
 
 
 
 
 
 
 
 
PROJECT TITLE: Feasibility of commercial operations  at Andorra - 

Pyrenees airport 

 
DEGREE: Aeronautical Engineering, Air Navigation sp eciality 
 
AUTHOR:  Roger Mulet Morató 
 
DIRECTORS: Luis Delgado Muñoz and Ferran Pous Andrés  
 
DATA: September 2009 
 
 

 



 

 

Overview 
 
 

 

 

The project pretends to perform a technical and commercial study about the 
Andorra - Pyrenees airport. 
 
The target is to study the feasibility of the operations at the airport in its current 
status and whether it is possible to improve it.  
 
The study analyzes two kinds of air traffic which the airport is capable to 
attract, the international and the regional traffic. 
 
Studying the demand, has been determined that exists a potential market of 
foreign visitors, who use other airports for their travels and that the Andorra – 
Pyrenees airport can capture this passenger traffic.  
  
For studying the feasibility of the operations, two target cases have been 
defined, which are the most representatives, as well as the minimum number of 
passengers to transport in each operation, and also two aircrafts which permit 
to cover the kinds of traffic studied. 
 
The current situation of the facilities has been studied and then, the feasibility 
of the flights between La Seu d’Urgell and the target destinations and vice 
versa. It has been calculated along the year with the different meteorological 
conditions and both aircraft design. 
 
The study of the feasibility of the flights has been performed from the point of 
view of an airline operator. 
 
The results show that in the current conditions, it is not possible to achieve the 
objectives set, and therefore the target operations are not feasible. With the 
aircrafts design and the target routes, currently, the airport is not feasible. 
 
For achieving the objectives set, it has been studied whether introducing 
improvements in the runway length and defining  a new contingency procedure 
it is possible to reach the objectives.  
 
The results show that there are significant changes in the final results, which 
permit to reach the expected objectives, making the target operations feasible.  
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INTRODUCTION 
 
 
The purpose of the project is to assess the current status of the airport and the 
feasibility of adapting the facilities for the international traffic. 
 
From the point of view of an aircraft operator, it is studied whether it is feasible 
to create a regular or charter route between a European city and La Seu 
d’Urgell. 
  
The geographical factors are an important constraint which restrict the aircraft 
operation capacity. Nonetheless, the obtained results show that introducing 
improvements, it is possible to reach flights occupation values equal to the ones 
registered by the kind of airlines studied, in their daily operations.  
 
The measures proposed in the study for improving the operations at the airport 
permit to increase the runway length and lower the minimum required climb 
gradient in case of engine failure. These measures make the airport feasible for 
the cases studied. Nevertheless, a part from the measures proposed, it must be 
studied deeply the implantation of RNAV procedures and systems based in 
GNSS. 
 
The project is divided by chapters, first of all, the history of the airport. The 
second chapter is the project justification; where it is demonstrated that there is 
a potential market and which are the objectives which must be reached. The 
next one explains the current situation of the airport, where are described the 
arrival and departure procedures published in the Master Plan of 2002 and also 
a meteorological conditions study and the geographical limitations which 
surround the airport. Once the current situation is described, the next step is  
the technical phase, where are calculated the actuations of the aircrafts along 
the year in the target routes. The next chapter defines actions to take to 
improve the results obtained in the previous section. 
 
The acuations of the aircrafts will cause an important environmental impact. In 
chapter six is studied the impact which may cause the reopening to the 
commercial traffic. 
 
Finally, are explained the conclusions of the project and how it has been 
managed. In the last chapter it is desribed an approximated calculation of the 
project cost. 
 
This project requires a big amount of calculations and complementary files, 
which are not included  in this document. All these files are included in the 
attached annexes. 
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CHAPTER 1. HISTORY OF THE AIRPORT 
 
 
The beginnings of the airport of La Seu d’Urgell are dated back in 1931, when 
the businessman Jaume Nadal I Maimó gets the grant of the airline between 
Barcelona and Andorra and he entrusted it to the aviator Josep Canudas and 
his company. Immediately noted the difficulties of the operations with aircrafts at 
Andorra, and opted to change the location at Benabarre field, also called “Els 
Inferns”, near La Seu d’Urgell. Hangars and a house were built and used like a 
terminal, and a Farman aircraft was bought by Nadal to cover the route (See 
Figure 1.1) [1]. 
 
In February of 1932, the General Direction of Civil Aviation (DGAC) gave to 
Canudas the grant to operate the airline Barcelona – Andorra, with permission 
to land at La Seu d’Urgell. The concession allows Josep Canudas the 
passenger’s transportation but not the post, which will be given after two 
months of operation [2]. 
 
In early 1932, when everything was ready, the businessman died of a heart 
attack. His heirs, fearing for the invested capital, withdrew it, leaving the airline 
without financial power and abandoning the project. 
 
Years later, in 1975, Josep Betriu, a local businessman, who knew the needs of 
transportation in the area, founded the company Dausa, to build an airport in 
the region. The same year, the construction of the airport of La Seu d’Urgell 
was started. In 1980, it was almost finished, and then, was presented an 
unexpected problem: the commercial activity in a private airport was something 
without precedent in Spain, and therefore, there was no legislation. A decree 
was drafted for considering the airdrome as a general interest airport, which 
was delayed until 1981. 
 
In July 1982, the airport was officially inaugurated, but it was not until weeks 
after when the commercial activity arrived. The airline Aviaco brought a Fokker 
27 for covering exclusively the route Barcelona – La Seu d’Urgell. 
 
The weather conditions and the lack of navigation aids caused that many flights 
could not land or take off, causing long delays. This fact produced the reduction 
of the occupation in the flights, and also, the expected flights from France and 
United Kingdom never arrived. The airport lost passenger traffic until 1984, the 
year in which the Cadí tunnel was opened, and the airport was closed due to 
the lack of flights. 
 
Since then, there has been only traffic of school and sport aircrafts and different 
projects which have tried unsuccessfully to revitalize the flights field. 
 
In 2007 the Catalan government acquired 85% of the land from the airport to 
the family Betriu with the intention of reopening the airport to commercial traffic, 
through an agreement among the Catalan, Andorran and Spanish government. 
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Within the framework of the Plan of Airports and Heliports in Catalunya, after 
the study of technical and economic feasibility, it will be studied the proposal of 
reopening the airport of La Seu d’Urgell to the international commercial traffic 
[3]. 
 
 
Fig. 1.1. Canudas' airplane at ”Els Inferns” Airdrome (La Seu d’Urgell) with the 
village of Alàs in the background (left). January l4th 1932. [2.1]. 
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CHAPTER 2. PROJECT JUSTIFICATION 
 
 
The area of Pyrenees – Andorra receives a lot of visitors from many different 
nationalities, attracted for leisure, cultural or economic reasons. Due to this fact, 
the airport of La Seu d’Urgell has a great potential and thanks to its 
geographical situation allows the access to Andorra and anywhere in the 
Pyrenees in few time.  
 
The study of the number of European visitors (See Figures 2.1. and 2.2.) 
without taking into account the French and Spanish which receive Andorra and 
the Pyrenees, has determined the feasibility of its reopening due to the large 
amount of passengers to be transported by air from foreign countries. 
 
Two countries, which have particular weight in number of visitors carried to the 
zone, are the United Kingdom and Portugal. In Figures 2.1. and 2.2., it can be 
seen the number of visitors per country at Pyrenees and Andorra. 
 
 
Fig 2.1. Visitors per year and nationality at Pyrenees [2.2] 
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Fig 2.2. Visitors per year and nationality at Andorra [2.3] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In the next Figure (See Figure 2.3) is shown the total amount of foreign visitors 
received at Pyrenees – Andorra zone. 
 
 
Fig 2.3. Foreign visitors per year at Pyrenees and Andorra [2.4] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
An important percentage of visitors are French and Spanish. They have been 
not considered for the study, because of the distance, they can travel by car or 
public means of transport. Nonetheless, the distance from the Center – South 
part in Spain or the Center – North part in France to Andorra – Pyrenees could 
be far enough for using the air transport. Cities like Madrid or Paris could be 
potential destinations as well. The next Figure (See Figure 2.4) shows the 
Spanish and French visitors received.  
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Fig 2.4. Spanish and French visitors per year at Pyrenees and Andorra [2.5] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The vast majority of visitors arrive at the destination with private transportation. 
A small part of this sector could be absorbed by the air transport, as well as 
most of the visitors who arrive by bus, because most of them are part of 
organized trips for tourists who come from more distant countries. The following 
Figure (See Figure 2.5) shows which are the kinds of transport used by the 
visitors. 
 
 
Fig 2.5. Visitors per kind of transportation [2.6] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Many visitors from foreign countries come to the Pyrenees – Andorra for leisure 
purposes and the main option is to arrive through organized trips by tour 
operators and travel agencies. The available offer to buy a holiday package with 
destination Pyrenees – Andorra is very wide and there is a lot of affluence. 
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British and Portuguese tour operators have a wide range of activities and 
packages; from contacts with local agencies to rent houses for stays of 
holidays, without offering any mean of transport to arrive at the destination [4], 
to all type of packages [5]. By August 2009, the English tour operator Travel 
Mail offers a package of 12 days, including the flight from several points from 
England to Girona, Reus and Barcelona with bus transport to the Pyrenees, 
performing sport or cultural activities and return for a price around 800€ [6]. 
 
The tour operators choose airports near the destination for its operations and 
once there, they transport the tourists from these airports to the destinations. 
These airports are located at two or three hours by road from the destination. 
The agencies use airports like Zaragoza, Toulouse, Barcelona, Girona or Reus. 
 
This entire sector can be absorbed directly by the airport of La Seu d’Urgell, 
either with direct flights or with flights from the airports which the tour operators 
use as an operations base.   
 
The kind of traffic the airport may receive is composed by aircrafts from regional 
to international type. From tour operators with charter flights operating directly, 
or previously using a main airport, and then transporting the passengers to La 
Seu d’Urgell by air, low cost airlines with regular flights or any kind of airline with 
international or regional traffic. 
 
 
 
2.1.         Aircrafts design  
 
Depending on the different types of airlines, which are expected to operate at 
the airport and the traffic expected to receive, two aircrafts with different 
characteristics have been selected to cover all kind of operations and to study 
two types of traffic: regional and international traffic. 
 
One of the chosen aircrafts is the AIRBUS A320 because it is the most common 
airplane among the European airlines to perform short – medium haul 
operations. Catalan companies like Vueling or Clickair have a fleet composed 
entirely by A320, as well as airlines like EasyJet and TAP Air Portugal, British 
and Portuguese, respectively also operate with AIRBUS.  
 
The other chosen aircraft is the turboprops ATR 72, an aircraft designed for 
regional flights, but capable to perform international operations. Part of the fleet 
of the companies Air Nostrum and SwiftAir, which operate from Barcelona, are 
formed by this aircraft, as well as the airline Corsa CCM Airlines [7].  
 
The fact that companies from the origin – destination countries where is 
intended to operate use the design aircrafts for their operations, it is an 
influential factor, because they can be possible operators of the target routes. 
 
With the two aircrafts, different sectors and kinds of flights are covered. The 
A320 (See Figure 2.6) covers from charter flights operated by travel agencies, 
low cost companies operations, to any kind of international airline. 
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The ATR (See Figure 2.7) covers regional flights, also for corporate 
passengers, connections to main airports where tourists arrive via tour 
operators or even French and Spanish tourists. 
 
The AIRBUS A320 is equivalent to the Boeing 737 in number of passengers 
and distance, which is a very common aircraft among all types of companies, as 
the Irish, Ryanair, which also can be a potential operator. Therefore, the 
conclusions extracted from the A320 could be extrapolated to the B737. 
 
 
Fig 2.6. AIRBUS A320 [2.7]               Fig 2.7. ATR 72 [2.8] 
 

 
 
 
 
 
 
 
 
 

 
 
2.2.         Calculation of the payload to be carried 
 
The target is to make profitable the operations with the chosen aircrafts, that is 
to say, be capable to transport the required payload for making the flight 
feasible from La Seu d’Urgell to the target destinations and the reverse route, 
from the target origins to La Seu d’Urgell. 
 
Both low cost and charter companies have a high PLF (Passenger Load 
Factor). It is an aspect that can be a problem because it implies operating the 
aircrafts close to its limits and the airport has reduced dimensions. 
 
According to statistics from ELFAA (European Low Fares Airline Association), 
shown in the figure below, its affiliated airlines, between 2006 and 2008 have 
recorded the following PLF, which is around an 82 % (See Table 2.1). 
 
 
Table 2.1. ELFAA Passenger Load Factors [3.1] 
 
Year Passenger Load Factor 
2006 83% 
2007 82% 
2008 80,5% 
Mean Load Factor 81,8% 
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Among the low cost companies associated to ELFAA it is remarkable the 
potential which can have airlines such as EasyJet, Ryanair and Jet2, all based 
in England and Ireland or Clickair based in Catalunya [8]. 
 
Charter companies have a high occupation factor which varies between 85 and 
90% [9]. 
 
The organization ERA (European Regions Airline Association), is an association 
which groups regional airlines in Europe and according to their data shown in 
the next table (See Table 2.2), their airlines have presented load factors around 
62%. 
 
 
Table 2.2. ERA Passenger Load Factors [3.2] 
 
Year Passenger Load Factor 
2006 63,8% 
2007 60,2% 
2008 61,4% 
Mean Load Factor 61,8% 
 
 
The most important airlines in Europe are grouped in the AEA (Association of 
European Airlines), and have a mean load factor around 76 % (See Table 2.3). 
 
 
Table 2.3. AEA Passenger Load Factors [3.3] 
 
Year Passenger Load Factor 
2006 76,4% 
2007 77,0% 
2008 76,2% 
Mean Load Factor 76,5% 
 
 
Each type of company has a different PLF. Nonetheless, as it is expected that 
most of the traffic which arrives at the airport belongs to low cost and charter 
airlines, according to their data, low cost companies operate the aircrafts with a 
mean load factor of 81,8% and charter companies operate with a factor of 90%. 
 
It has been assumed that for considering that a flight is feasible for these 
companies, in each operation, a PLF of 85 % should be obtained. This is the 
minimum required capacity. 
 
Calculations of the feasibility of operations will be performed according to 85 % 
of aircrafts passengers capacity. 
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2.2.1.       Passenger masses 
 
According to European legislation EU-OPS 1.620 Mass values for passengers 
and baggage: 
 

(a) An operator shall compute the mass of passengers and 
checked baggage using either the actual weighed mass of each 
person and the actual weighed mass of baggage or the 
standard mass values specified in Tables 2.4. and 2.5. except 
where the number of passenger seats available is less than 10. 

 
 (d) Mass values for passengers — 20 seats or more  

1. Where the total number of passenger seats available on an 
airplane is 20 or more, the standard masses of male and female 
in Table 2.4. are applicable. As an alternative, in cases where 
the total number of passenger seats available is 30 or more, the 
‘all adult’ mass values in table 2.4 are applicable. 

 
 
Table 2.4. Passenger masses [3.4] 
 
Passenger seats          20 and more 30 and more 

Male Female All adult 
All flights except holiday charters 88 Kg 70 Kg 84 Kg 
Holiday charters 83 Kg 69 Kg 76 Kg 
Children 35 Kg 35 Kg 35 Kg 
 
 

(f) Mass values for baggage  
1. Where the total number of passenger seats available on the 
aeroplane is 20 or more the standard mass values given in 
Table 2.5 are applicable for each piece of checked baggage. 

 
 
Table 2.5. Baggage masses [3.5] 
 
Type of flight Baggage standard mass 
Domestic 11 Kg 
Within the European region 13 Kg 
Intercontinental 15 Kg 
All other 13 Kg 
 
 



12  Feasibility of commercial operations at Andorra-Pyrenees airport 

 

2.2.2.        Required payload 
 
The required number of passengers per flight, for the operation of the aircraft to 
be profitable, results in a payload to be transported from the origin to the 
destination. In cases such as the Pyrenees – Andorra is a critical factor that can 
determine the feasibility of the operation. According with the passenger 
occupation calculations (See Section 2.2), the minimum masses to be 
transported are 13617 Kg for an A320 and 5295 Kg for an ATR 72. (See Tables 
2.6., 2.7. and 2.8.) 
 
 
Table 2.6. Weight per transported passenger [3.6] 
 
Weight per transported passenger for all flights except charter1 97 Kg 
Weight per transported passenger for charter flights1 89 Kg 
 
 
Table 2.7. Required payload in an A320 [3.7] 
 
Configuration of an A320 in a low cost or charter airline 180 PAX 
Regular flight. Payload at 85% of capacity 14841 Kg 
Charter. Payload at 85% of capacity 13617 Kg 
 
 
Table 2.8. Required payload in an ATR 72 [3.8] 
 
Configuration of an ATR 72 in a low cost or charter airline 70 PAX 
Regular flight. Payload at 85% of capacity 5771 Kg 
Charter. Payload at 85% of capacity 5295 Kg 
 
 
 
2.3.        Target cases 
 
Two representative countries have been chosen to perform the calculations of a 
typical flight from these origins with destination La Seu d’Urgell and vice versa. 
The chosen countries are United Kingdom and Portugal. These two countries 
are potential carriers of tourists, together; represent a 46% of the total foreign 
visitors who have received Andorra and the Pyrenees between 2002 and 2007, 
without taking into account France and Spain (See Figure 2.8.). 
 
British and Portuguese represent almost a half of the total visitors and due to 
the distance between the origins and the Pyrenees – Andorra, are cases where 
the use of the air transport is fully justified. 
 
 

                                                
1
 These weights include the passenger mass plus the baggage mass. 
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Fig 2.8. Percentage of visitors between 2002 – 2007 [2.9] 
 

 
At least from the UK, it is expected that most of the airlines, will not operate 
from main airports, flights are expected from secondary airports. The following 
airports have been chosen as origin – destination for the countries where the 
target routes will be operated (See Tables 2.9., 2.10 and 2.11.). 
 
 
Table 2.9. Airports of United Kingdom 
 
Departure – Arrival airport London Stansted 
Alternate airport London Gatwick 
 
 
Table 2.10. Airports of Portugal 
 
Departure – Arrival airport Lisbon 
Alternate airport Sines 
 
 
Table 2.11. Airports of Catalunya  
 
Departure – Arrival airport La Seu d’Urgell 
Alternate airport Barcelona 
 
 
In Table 2.12. are shown the codes of the airports chosen and below, in Table 
2.13 are presented the route distances between all the airports of the target 
routes and the distances to the alternate airports. [10]
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Table 2.12. Airport codes [3.9] 
 
Airport ICAO code IATA code 
London Stansted EGSS STN 
London Gatwick EGKK LGW 
Lisbon LPPT LIS 
Sines LPSI SIE 
La Seu d’Urgell LESU LEU 
Barcelona LEBL BCN 
 
 
Table 2.13. Routes distance [3.10] 
 
LESU - EGSS 665 NM 
EGSS – EGKK2 54 NM 
LESU – LPPT 608 NM 
LPPT – LPSI2 59 NM 
LESU – LEBL2 80 NM 
 
 
 
2.4.         Passenger calculation 
 
The traffic pretended to capture are the foreign visitors who arrive by bus and a 
small part of the visitors who come by car. Considering that the bus carries a 
8,74% of the total, plus a small percentage of the displaced by car, a 20% of the 
total traffic is estimated to be captured, which represents an annual traffic of 
67040 passengers from the target countries (See Table 2.14). 
 
 
Table 2.14. Passenger data from target countries [3.11] 
 
Average annual visitors at Andorra - Pyrenees from 
Portugal and UK3 

335197 visitors 

Expected annual passenger traffic at the airport from 
Portugal and UK4 

67040 passengers 

Expected daily passenger traffic from Portugal and UK5 184 passengers 
 
 
According to a daily traffic of 184 passengers, a daily flight from Portugal and 
United Kingdom can be expected, performed by two ATR 72. 
 
From the whole countries of the study it is expected a traffic of 145738 
passengers (See Table 2.15). 
 
                                                
2
 Flight to the alternate airport 
3
 Extracted from the Figures 2.1., 2.2. and 2.8. 
4
 20% of average annual visitors from Portugal and UK. 
5
 Considering the same amount of traffic every day 
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Table 2.15. Passenger data from the whole countries [3.12] 
 
Average annual foreign visitors at Andorra - Pyrenees6 728688 visitors 
Expected annual passenger traffic at the airport7 145738 passengers 
Expected daily passenger traffic8 399 passengers 
 
 
Taking into account all the countries of the study, a daily traffic of 399 
passengers can be received. This traffic means 3 flights per day, composed by 
2 A320 and an ATR 72 (See Table 2.16.). 
 
 
Table 2.16. Expected daily traffic  
 
3 Flights per day - 2 A320 

- 1 ATR 72 
 
 
 

                                                
6
 Extracted from the Figure 2.3. 
7
 20% of the average annual foreign visitors. 
8
 Considering the same amount of traffic every day. 
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CHAPTER 3. CURRENT SITUATION 
 

 
Located at l’Alt Urgell, the airport of La Seu d’Urgell (See Figure 3.1.) is 
expected to be an airport of commercial traffic. The airport, previously in private 
hands, will become public, property of the Generalitat de Catalunya. 
 
The airport is designed to serve the regions of l’Alt Urgell, the Cerdanya, 
Andorra and in general to the Pyrenean tourism sector. 
 
The facilities are located between the townships of the Pla de Sant Tirs, 
Montferrer and Castellbó, approximately 5 Km south west of La Seu d’Urgell. 
 
The code and classification of the ICAO (International Civil Aviation 
Organization) are LESU and 2C.  
 
It has a paved runway called 04 – 22, taxiways, a platform for parking aircrafts 
of 46.800 m2  and a total area of 852.978 m2. The facilities include a small 
passenger terminal, control tower, firemen department, fuel supply area and a 
garage to perform the maintenance of the aircrafts, currently all these facilities 
are inoperative. 
 
Navigation aids are composed by visual landing systems VASIS at both 
headers and a NDB radio aid, which gives to the airport a runway with 
instruments for non-precision approaches (See Annex A). 
 
The 2003 Master Plan described a series of actions to facilitate the reopening 
and the operations at a European and regional level: introducing an approach 
system for IFR flights, leveling the flight strip, adapting the flight field and 
improving the passenger terminal. 
 
After assessing the feasibility studies, it is expected to define a new Master Plan 
between 2009 – 2015, where the actions to carry out in the medium and long 
term will be described precisely [11].  
 
Currently there are not too many options to reopen the airport to the commercial 
traffic due to the new airport in Lleida – Algüaire, and the disagreement among 
the implicated governments, specially the Andorran, which cannot afford the 
inversion needed and prefers to stay out of the agreement because Lleida – 
Algüaire will bring enough passengers to Andorra. The governments are 
thinking about La Seu d’Urgell only as a mountain emergency or sport flights 
airport. [12] 
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Fig 3.1.  Airport of La Seu d’Urgell [2.10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1.         Instrumental procedures 
 
 
The actuations of the aircrafts design have been calculated based on the 
procedures adopted in the Master Plan for the airport of La Seu d’Urgell in 
2002. The procedures were defined in the study conducted by the DGAC in 
June 2000. The arrival and departure procedures are presented for each 
runway [11]. 
 
Currently, for supporting the procedures, there is only an NDB installed, which 
is useless because it is not lined up with the runway. The radio aids presented 
in this section, should be installed to define the procedures described by the 
DGAC (See Annex A). 
 
 
3.1.1. Runway 04 
 
3.1.1.1. Non-precision instrumental approach (VOR/DME-NDB) 
 
This approach procedure has been designed with the target of getting 
operational minimums lower than the clouds ceiling, which in more than 80%, is 
over 900m over the ground.  
 
The following radio aid presented in Table 3.1. should be installed: 
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Table 3.1.  Radio aids required in the VOR/DME-NDB approach RWY 04 [3.13] 
 
VOR/DME "DAL"  Located on the extension of the axis of runway 04, at 10 

NM of the threshold, to define the holding pattern. 
VOR /DME "CPS"  Located on the extension of runway 21 axis at 0,9 NM 

from the threshold, to define the intermediate and final 
segment, and the initial and intermediate phases of the 
missed approach. 

NDB "JAM"  Located on the extension of runway 04 axis, at 5 NM of 
the threshold, to define the final phase of the missed 
approach and return to the holding pattern 

 
 
Due to the complicated terrain on the area, a descent slope cannot be obtained 
on the final approach segment which meets what is specified by ICAO in the 
document PANS-OPS 8168. The obtained value (7,3%) exceeds the maximum 
of 6,5%. However, this failure should be considered acceptable and normal in 
airports of similar characteristics, although it should be the airlines who assess 
the impact of this descent slope in the operation of their aircrafts. The 
operational minimums obtained with the criteria of margin to clear obstacles 
specified by ICAO are presented in Table 3.2 [11]: 
 
 
Table 3.2.  Obstacle clearance altitude/height for missed approaches  
 
OCA/H 4650/2020 ft for a missed approach gradient of a 2,5 % 
OCA/H 3730/1100 ft for a missed approach gradient of a 5,0% 
 
 
3.1.1.2. Precision instrumental approach (ILS) 
 
The topographic characteristics of the area recommend the definition of a 
precision landing ILS procedure, although it is impossible to fit a final segment 
with a descent path lower than 3,5%. However, this failure should be acceptable 
and normal in airports with similar characteristics, although it should be the 
airlines who assess the impact of this descent path (4,6%) in the operation of 
their aircraft. The choice of the localizer location and the descent path should be 
preceded by simulation studies to ensure the correct behavior of the signals in 
the coverage volumes required by ICAO. In addition of these ILS subsystems, 
the radio aids presented in Table 3.3. will be required: 
 
 
Table 3.3.  Radio aids required in ILS approach RWY 04 [3.14] 
 
VOR/DME "DAL  To define the holding pattern. 
VOR/DME "CPS"  To define the intermediate approach segment and the 

initial and intermediate phases of the missed approach. 
NDB "JAM"  To define missed approach final phase and the return to 

the holding pattern. 
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The operational minimums obtained with the criteria of margin to clear obstacles 
specified by ICAO are presented in Table 3.4. [11]. 
 
 
Table 3.4.  Obstacle clearance altitude/height for missed approaches  
 
 OCA/H  A1 OCA/H  B 1 OCA/H  C1 
Missed approach gradient : 2,5 %  4595 / 1970 4615 / 1990 4629 / 2004 
Missed approach gradient : 5 %  3609 / 984 3629 / 1004 3653 / 1018 
 
 
3.1.1.3. Instrumental departure towards VOR/DME ENC 
 
In both cases the topography of the terrain imposes elevated climb gradients 
and restrictions on the maximum speed. According to the ICAO document 
PANS-OPS 8168 these procedures would be only applicable to aircrafts of 
category A and B . The aircrafts design chosen are category C [11]. 
 
This departure procedure has been defined following the course of river Segre, 
by the corridor between the Serra de la Velleta and the Serra del Cadí. The 
procedure is the following: 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.2.  Runway 04 departure procedure towards VOR/DME ENC 
 

                                                
1
 Aircraft performance category 

Climb on runway heading until reaching 3100 ft. Turn right (IAS MAX 
during the turn 145 kt) and follow magnetic course 138 to intercept RDL 
098 CPS direct to VOR/DME ENC for crossing it at FL 130 o higher. 

Minimum climb gradient 9,5% until 6600 ft. Turns before DER  VOR/DME 
ENC(0,8 DME CPS) are not permitted [11] 



Current situation  21 

 

3.1.1.4. Instrumental departure towards VOR/DME DAL 
 
This procedure has been defined investing the aircraft flight direction by a 
pronounced turn, which brings the aircraft to the NDB JAM and then to the 
VOR/DME DAL. The procedure is shown below. 
 
 
  
 
 
 
 
 
 
 
 
 
Fig 3.3. Runway 04 departure procedure towards VOR/DME DAL 
 

 
 
3.1.2.       Runway 22 
 
3.1.2.1. Non-precision instrumental approach (VOR/DME) 
 
Due to the complicated terrain of the area, a direct instrumental procedure with 
operational minimums like the obtained for the other runway cannot be 
designed. A procedure with the minimums of approach in circuit has been 
chosen. It takes the aircraft to the reference point MAPt, and then, proceed to a 
circuit maneuver if there is visual contact with the runway, otherwise the aircraft 
will perform a missed approach. The radio aids shown in Table 3.5 are required. 

Climb on runway heading until reaching 3100 ft. Turn right and follow 
RDL 235 NDB/JAM for crossing it at 6500 ft or higher. Turn left and 
follow RDL 213 NDB/JAM direct to VOR/DME DAL for crossing it at 
7500 ft or higher 

Minimum climb gradient 10,2% until 5000 ft. Turns before the DER 
(0,8 DME CPS) are not permitted [11] 
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 Table 3.5.  Radio aids required in VOR/DME approach RWY 22 [3.15] 
 
VOR/DME 
"ENC" 

Located at Pic de Tossa (2537 m). To obtain the holding 
reference point and initial approach segment. 

VOR/DME 
"CPS" 

To define the intermediate and final segments and the 
initial and intermediate phases of the missed approach. 

VOR/DME 
"DAL" 

To define the final phase of the missed approach and the 
holding pattern. 

  
 
3.1.2.2. Instrumental departure towards VOR/DME DAL 
 
The procedure is defined as a straight departure towards NDB JAM maintaining 
the runway course. The poor coverage of VOR/DME DAL northern the facility 
forces to maintain the navigation reference of the NDB JAM until overflying 
VOR DAL. The obstacles affected by maneuver protection area impose a 
minimum climb gradient of 7,7% until 5700 ft. This is the procedure. [11] 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.4.  Runway 22 departure procedure towards VOR/DME DAL 
 

 

Climb on runway heading direct to NDB JAM for crossing it at 5000 ft 
or higher. Intercept RDL 213 NDB JAM direct to VOR/DME DAL for 
crossing it at 6500 ft or higher 

Minimum climb gradient 7.7% until reaching 5700 ft 
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In Table 3.6. is presented a summary of actuations which can be perfomed 
according to the required precision and also the required gradients to perform it. 
 
Table 3.6.  Operations at the runways [11] 
 
 RWY 04 RWY 22 
Non-precision landings 
Required gradient (%) 

YES 
7,16 

NO 
12,0 

Non-precision landings (GPS) 
Required gradient (%) 

YES 
7,5 

NO 
12,0 

Precision landings (ILS CAT I) 
Maximum take off gradient (%) 

7,3 
8,52 

NO 
7,4 

 
 
 
3.2.      Geographical limitations 
 
 
The study is performed from the perspective of an operator. Therefore, the 
procedures are already designed by the Master Plan 2002 (See Section 3.1.). 
As an operator, following the EU-OPS, it must be studied whether the target 
aircrafts are capable to perform the operations and its feasibility. 
 
The regulations force the operator to study the obstacles in case of 
contingency, it is responsability of the operator to ensure that his aircrafts are 
capable to pass the obstacles. The operator is also responsible to present 
another contingency procedure if it thinks that there is another one even better 
[13]. That is the reason why the obstacles have been studied although the 
procedures are defined. 
 
The mountain environment surrounding the airport supposes a very important 
limitation for the actuations calculation. The position of the obstacles determines 
the climb gradient and in this case it imposes determinant restrictions. 
 
In runway 04, departure operations are only allowed to aircrafts class A and B 
due to the restriction in speed and the climb gradient. The aircrafts chosen are 
class C3 and departures can only be done through runway 22. Due to this fact, 
only have been studied departure procedures in runway 22. 
 
The study of the landing will be performed on runway 04. At both runways exists 
limitations at landing; runway 04 is limited by the tail wind and runway 22 is 
limited by the approach procedure because it is not fully instrumental and the 
mountains. 

                                                
2
 Subject to the manufacturer guarantees the operation of the ILS with a descent gradient of 

8,5% (not referred to in ICAO Annex 10) and the signal is not affected by the surrounding area 
[20]. 
 
3
 Aircraft category C and Aircraft Performance Class A 
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Determining the obstacles which must be taken into account during the 
departure procedure depends on the type of departure sector and the aircraft 
performance category. The departure sector is a corridor which defines the 
obstacles the aircraft must pass vertically during the procedure.  
 
Both design aircrafts belong to the category Performance Class A. According at 
the EU-OPS regulation, the departure sector must meet OPS 1.495: 
 

(a) An operator shall ensure that the net take-off flight path 
clears all obstacles by a vertical distance of at least 35 ft or by a 
horizontal distance of at least 90 m plus 0,125xD, where D is 
the horizontal distance the aeroplane has travelled from the end 
of the take-off distance available or the end of the take-off 
distance if a turn is scheduled before the end of the take-off 
distance available. For aeroplanes with a wingspan of less than 
60m a horizontal obstacle clearance of half the aeroplane 
wingspan plus 60m, plus 0,125xD may be used. 

 
 (d) When showing compliance with subparagraph (a) above for 

those cases where the intended flight path does not require 
track changes of more than 15º, an operator needs to consider 
those obstacles which have a lateral distance greater than: 

 
 300 m, if the pilot is able to maintain the required navigational 

accuracy through the obstacle accountability area; or 600 m, for 
flights under all conditions. [13] 

 
 
The procedure for the runway 22 is a straight line and both aircrafts are capable 
to fly with the required navigation precision. In Figure 3.2. is shown the shape of 
the departure procedure. 
 
Currently it is not possible to maintain the required accuracy in this zone, it is 
required to define P-RNAV procedures which ensure the precision needed for 
the considered kind of departure sector [14].  
 
With the use of P-RNAV procedures it is enough to fly the procedure. 
Nonetheless it is necessary a study to implement it considering whether the 
radio aids forecasted in the study are properly located to define the procedure 
(See Section 3.1.). 
 
The use of the P-RNAV is based in DME/DME, VOR/DME GNSS and its 
augmentation system and also inertial systems for short periods of time [15].
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Fig 3.5.  Departure sector [2.11] 
 

 
 
3.2.1. Obstacles in the runway 22 departure procedu re  
 
 
The calculations to obtain the position of the obstacles have been done 
manually by myself. The method is described in Annex C. The results found in 
the study are presented in Table 3.7. (See Annex C).  
 
 
Table 3.7. Obstacles in the departure procedure 
 
Obstacle  Height 

ASL (m) 
Distance (m)4 Lateral 

distance (m) 
Serra d’Arfa (1)  810 4030 26 
Serra del Pla (2)  900 4830 247 
Passatralla (3)  1115 10730 995 
Obaga de Fontanella (4)  1603 13330 1200 
  
 
With the obstacles position and height, the mountains profile inside the 
departure sector is obtained. These are the obstacles which must be passed, 
and it must be done with the assurance that although during the takeoff the 
aircraft suffers an engine failure at one second before reaching V1, it is still 
capable to pass it. In figure 3.3. is presented the obstacle profile. 
 
 

                                                
4
 The obstacle distances are refered to the brake release point of RWY 22  

TODA RWY 22=1330 m 
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Fig 3.6.  Obstacle profile runway 22 
 

 
 
The limiting obstacle is the number four, it imposes the minimum climb gradient.  
 
The minimum climb gradients the aircrafts must meet is calculated with the 
takeoff flight path.  
 
 
 
3.3.        Takeoff flight path 
 
 
The take off flight path is a vertical trajectory that the aircraft must meet as 
minimum, in case of engine failure. 
 
According to the regulation CS-25, the aircrafts must meet: CS 25.115 Take-off 
flight path and CS 25.121 Climb: one-engine inoperative. 
 
The take off flight path begins 35 ft above the runway until reaching at least 
1500 ft over the runway, where the en route climb speed with only one engine is 
reached. It is constructed by layers of protection. The first layer is the obstacle 
envelope, which determines the minimum height in each moment to clear the 
obstacles, over the first one, at 35 ft., the net flight path is constructed, which is 
the reference to avoid the obstacles in case of flying with only one engine. Over 
the net flight path, a penalty of 0,8% for twin engine aircrafts is applied and the 
gross flight path is obtained, which is the trajectory the aircraft will follow in 
normal conditions. 
 
The trajectory is composed by four segments, which can be seen in Figure 3.4: 
 
1st segment: From a height of 35 ft. above the end of TOD (take Off Distance) 

until the landing gear is retracted and V2 is reached. 
 
2nd segment: Climbing with V2 until passing all obstacles or a minimum 

elevation of 400 ft. above the runway until reaching the 
acceleration altitude. 

 
3rd segment: Acceleration segment. Horizontal segment where flaps are 

retracted and the aircraft accelerates until reaching green dot 
speed, which is the best lift - drag ratio.   

 
4th segment: From the end of the third segment, where the thrust mode is 
changed from TOGA to MAX CONTINUOUS until a minimum height of 1500 ft. 
above the runway, depending of the obstacles. [16] 
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Fig. 3.7.  Take off flight path  
 

 
Both aircrafts design are twin engine, and from the perspective of the operator, 
according to the CS-25 regulations, at least must meet [17]: 
 
Gross flight path=Net flight path+0,8% 
 
At the gross flight path, flying with only one engine, the minimum climb 
gradients the aircraft must meet are preented in Table 3.8:  
 
 
Table 3.8.  Segment gradients for twin engine aircrafts [3.16] 
 
1st Segment >0 
2nd Segment 2,4% 
Final segment  1,2% 
 
 
According with the obstacle data, these are the climb gradients found according 
to the obstacles calculations. The results found match the climb gradients 
published in the Master Plan 2002 (See Section 3.1). In Table 3.9. are 
presented the gradients found in the obstacles study (See Annex C). 
 
 
Table 3.9.  Take off flight path gradients on runway 22 
 
Basic gradient 6,69% 
Net flight path gradient 6,78% 
Gross flight path gradient 7,6% 
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3.4.        Meteorological study  
 
 
Once the position of the obstacles is known, to determine the performances 
there are important parameters to take into account. These parameters are the 
meteorological variables which affect severally the aircraft actuations, the 
maximum masses to carry may vary depending on these parameters. Also, the 
operator must establish the operating minima for his flights. 
 
It is important to know the behavior of the weather in the zone because that is 
not possible to control, only it is possible to forecast it (See Annex B). 
  
The data have been obtained from the meteorological station in La Seu d’Urgell, 
which belongs to Servei Meteorologic de Catalunya. Its location makes the data 
highly reliable for the study. It is located at 3500 m to the north extension of the 
runway. 
 
The variables studied are the maximum, minimum and average temperature, 
the atmospherical pressure, the rain probability,  the wind speed an direction. 
All these values have been measured every day during 10 years by the 
meteorological station, excepting the wind (See Annex B). 
 
 
3.4.1.       Wind percentage frequencies 
  
For the study of the wind, the data have been taken from the Master Plan, 
because the data provided by the Servei Meteorologic de Catalunya are not 
accurate enough. 
 
The predominant wind direction along the year is from the SW (See Figure 3.8). 
 
 
Fig 3.8.  Wind rose [2.12] 
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3.4.2.       Correlation and data dependence 
 
To study the weather variables must be known the relationship between them. 
This study determines whether it is possible to consider the different variables 
as dependents, that is, a direct relation exists between them, or independent, 
which indicates that there is no relationship, all vary independently from each 
other. The aim is to know if it is possible to consider that each variable behaves 
independently from the other ones or not.  
 
To define the relationship is used the correlation coefficient, ranging from [-1,1]. 
ρ = -1 indicates a perfect negative linear relationship between variables, while ρ 
= 1 indicates a perfect positive linear relationship. If ρ = 0 , then there is no 
linear relationship between the samples. In Table 3.10. are shown the mean 
correlation coefficients [18]. 
 
 
Table 3.10.  Mean correlation coefficients 
 
Mean correlation coefficient  
Temperature and pressure  0,214901776 
Temperature and rain  -0,073243586 
Rain and pressure  -0,271054013 
 
 
The values obtained (See Annex B), show a very weak correlation between 
them, because most of the values are so close to zero. Mean values are 
significant and indicate the weakness of the correlation. 
 
These values determine that, for seasons, the mean, the maximum the 
minimum temperature, the pressure or the rain are independent from each 
other, there is no direct relationship. It means that it is possible to have a high 
pressure and a high average temperature or another day, the same value of 
pressure and a low average temperature. 
 
The conclusion is that along the year all variables are independent. 
 
 
3.4.3.       Conclusion of the meteorological study  
 
The analysis of meteorological variables is very important because the aircraft 
operations are subject to these parameters, which cannot be controlled. 
 
Due to the behavior of the variables along the year, they can be grouped by 
seasons, simplifying the calculations and obtaining the required reliability in the 
results. The statistical study determines the central value and data dispersion 
around it (See Annex B).  
 
The study provides the reference values for each variable along the year. The 
behaviors of the variables are known and also are independent. Therefore it can 
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be defined how is the worst, the best and the typical day of each season. These 
are the cases where will be studied the actuations of the design aircrafts. 
 
It is necessary to define what parameters make a day typical, the best or the 
worst.  
 
The Lift (L) of an aircraft, which is the force that makes it fly depends of 
meteorological variables which can be seen in Equation 1 and 2. 
 
 
Eq. 3.1. Lift equation [4.1] Eq. 3.2. Perfect gases status equation [4.2] 
  
 L=1/2ρSV2CL                      ρ=P/RT 
 
 
The air density (ρ) which affect the Lift, depends of the air temperature and also 
the pressure. For having more Lift, the temperature must be the lowest and 
pressure must be the highest. Also the wind speed affects the Lift, because the 
aircraft moves regarding the wind.  
 
Also, the Thrust, which is the force that propels the aircraft through the air, it is 
affected too. The thrust depends of the air pressure and its temperature. The 
engines run in better conditions at sea level because the air density is higher. 
Therefore, as the aircraft increases the altitude the efficiency of its engines 
decreases. High temperatures reduce also the efficiency. Therefore, it must be 
taken into account for the performance calculations. 
 
In the actuations study, the wind comes always from the same direction. At take 
off, the aircraft moves in the opposite direction regarding the wind and that is 
the favorable case because moves faster regarding the wind. 
 
Landing is the worse case, because both, the aircraft and the wind moves in the 
same direction and this fact makes to decrease the aircraft speed regarding the 
wind and so, the Lift decreases. To solve this problem, the aircraft must 
approach to the runway faster and it supposes a restriction at the landing mass 
because it needs more distance to land. 
 
In the tables below are shown the conditions for take off. At landing the best 
case would be having head wind. However, it does not happens in the study. 
The best case at landing is to have 0 kt of wind and the worst case is to have 
17,3 kt of tail wind. 
 
Also the runway conditions affect the performances, for braking, the aircraft 
needs less distance if the runway is wet.  
 
All these parameters define what is a typical, best and worst day. In the tables 
below (See Tables 3.11, 3.12, 3.13 and 3.14) are presented the days which will 
be studied and the values of the variables. 
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Table 3.11. Winter days  
 
 Temperature  

 (ºC) 
Atmospheric 
pressure 
(hPa) 

Pressure 
altitude 
(ft) 

Runway 
condition 

Wind 
speed 
(kt) 

Typical day  4,3 920 2646,1 Dry 2,7 
Best day  -105 937,1 2148 Dry 17,3 
Worst day  2513 893,1 3452,8 Wet 0 
Rain probability  18,83% 
 
 
Table 3.12. Spring days 
 
 Temperature  

(ºC) 
Atmospheric 
pressure 
(hPa) 

Pressure 
altitude 
(ft) 

Runway 
condition 

Wind 
speed 
(kt) 

Typical day  13,3 917,2 2734,8 Dry 4,3 
Best day  -3,1 934,8 2235,4 Dry 23,9 
Worst day  31 894,1 3422,6 Wet 0 
Rain probability  33,79% 
 
 
Table 3.13. Summer days 
 
 Temperature 

(ºC) 
Atmospheric 
pressure 
(hPa) 

Pressure 
altitude 
(ft) 

Runway 
condition 

Wind 
speed(
kt) 

Typical day  20,7 919,2 2675,7 Dry 4,3 
Best day  5,3 929,2 2381,5 Dry 22,7 
Worst day  36,2 900,5 3241,8 Wet 0 
Rain probability  24,90% 
 
 
Table 3.14. Autumn days 
 
 Temperature  

(ºC) 
Atmospheric 
pressure  
(hPa) 

Pressure 
altitude 
(ft) 

Runw ay 
condition 

Wind 
speed 
(kt) 

Typical day  8,5 919,8 2675,7 Dry 2,3 
Best day  -8,2 937,9 2148 Dry 15,2 
Worst day  26,3 892,3 3483 Wet 0 
Rain probability  25,47% 
 

                                                
5
 Chosen values of temperatures for the worst and the best day along the year, are not the most 

extremes values ever registered, are extreme values which are repeated more frequently, to 
obtain more realistic calculations. 
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3.5.         Runway configuration 
 
 
The meteorological study determines that the prevailing wind direction is from 
the SW. Therefore, according to the meteorological study the optimal runway 
configuration is using runway 22 for takeoff and landing. For taking off the use 
of runway 22 is the favorable case because this direction faces the wind most of 
the time, the runway has a descending slope and the climb gradient is less than 
runway 04. The required gradient at take off in runway 04 is a factor which 
makes operations not possible (See Section 3.1). 
 
Landings at runway 04 are limited by the tail wind, which is an important 
constraint on the maximum landing mass and also the missed approach climb 
gradient. The minimum required missed approach climb gradient for runway 04 
is 2,5 %, which is the minimum required. The only problem is that the decision 
altitude, the point where the pilot must decide whether to land or not, is very 
high regarding the runway.  Even so, landings at runway 04 are better because 
it is easier to define an arrival procedure. It is not afected by the obstacles and 
the weather conditions. 
 
In runway 22 is not possible to define an instrumental procedure because the 
obstacles and the weather. Currently there is a visual procedure defined, which 
only provides guidance to a point and then, visual contact with the runway must 
be established to be allowed to continue the visual approach and proceed into a 
traffic pattern for a visual landing. This procedure does not provide the required 
precision and warranties to be carried out by the aircrafts, sometimes the 
decision point where the pilot must establish visual contact with the runway may 
be higher than the clouds. In Table 3.15. is shown which actuations will be 
studied. 
 
 
Table 3.15.  Actuations to study 
 
Runway 22  Departure instrumental procedure  
Runway 04  Arrival instrumental proced ure 
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CHAPTER 4. TECHNICAL PHASE 
 
 

According to the EU-OPS regulations, both aircrafts design must meet 
Performance Class A: 
 

(a) An operator shall ensure that multi-engine aeroplanes 
powered by turbo propeller engines with a maximum approved 
passenger seating configuration of more than 9 or a maximum 
take-off mass exceeding 5700 Kg, and all multi-engine turbojet 
powered aeroplanes are operated in accordance with Subpart 
G (Performance Class A) [19]. 

 
 
The aircrafts design have differents performances according to the kind of traffic 
which have been designed to cover. It can be seen in Table 4.1.  
 
Table 4.1. Performances of aircraft design [3.17] 
 
 AIRBUS A320 ATR 72 
Maximum cruise speed 903 km/h (487 kt) at 

28,000 ft 
526 km/h (284 kt) 
at 15,000 ft 

Economic cruise speed 840 km/h (454kt) at 
37,000ft 

460 km/h (248kt) 

Range with max. takeoff weight 5600 Km (3000 nm) 1195 km (645 nm) 
Service ceiling 12000 m (39000 ft) 7620m (25000 ft) 
Dry operating weight 42,220 kg 12,400 kg 
Maximum zero fuel weight 61000 kg 22000 kg 
Maximum takeoff weight 77,000 kg 21,500 kg 
Maximum landing weight 64.500 Kg 21350 Kg 
Wing span 34.09 m 27.05 m 
Length  37.57 m 27.17 m 
Height  11.76 m 7.65 m 
Wing area 122.6 m2 61.0 m2 
Passenger capacity 150-180 PAX 64-70 PAX 
Maximum payload 16790 Kg 7200 kg 
Maximum fuel capacity 29680 L[19]  6400 L[18] 
 
 
 
4.1.         Calculation of actuations 
 
 
The tool used for the A320 is PEP (Performance Engineer’s Program) for 
Windows version 3.9.0. [20]. This program permits to optimize all the phases of 
flight through its different modules. 
 
To recreate the situation at the airport has been created a file with all the data 
about the runways and the surrounding obstacles. Thus, each calculation takes 
into account all the parameters of the airport (See Annex D). 



34  Feasibility of commercial operations at Andorra-Pyrenees airport 
 

For takeoff and landing calculations, it has been used the module TLO (Take off 
and landing optimization), which allows to know the maximum mass to be 
carried in these operations in the different meteorological conditions along the 
year (See Annex D). 
 
The module FLIP (Flight Planning Computation Program) performs the 
calculation and optimization of the flight plan, where parameters like the 
maximum mass to carry in the whole flight or the fuel consumption for a given 
flight level can be extracted (See Annex D). 
 
For the ATR 72 have been used the performance calculation charts, extracted 
from the AFM (Aircraft Flight Manual), which allow to calculate manually the 
maximum masses, runway distances, speed ratios and limitations depending on 
the obstacles and meteorological data (See Annex E) [21]. 
 
To calculate the number of passengers that the ATR 72 is capable to transport 
it has been used the program ATR 72 Fuel Planner, which alllow to calculate 
the required fuel in each flight according to the weights found (See Annex E) 
[22]. 
 
 
4.2.         Operational requirements 
 
To ensure the profitability of the operations, the minimum required payload for 
the flight to be profitable must be carried to target destinations and vice versa, 
from these, to La Seu d’Urgell. To do so, the aircraft must take off and land with 
a required mass (See Annex D and E). 
 
The masses required to be carried are the payloads at 85% of the aircraft 
capacity can be seen in Table 4.2. (See Section 2.2.2.). 
 
 
Table 4.2. Required payloads [3.18] 
 
 AIRBUS A320 ATR 72 
Regular flight  14841 Kg 5771 Kg 
Charter flight  13617 Kg 5295 Kg 
 
 
The factors which limit all cases are the runway length and the obstacles 
around La Seu d’Urgell, as well as the meteorological variables along the year. 
 
 
 
 
 
 
 
 



Technical phase  35 

 

Winter
Spring

Summer
Autumn

0 pax

0% 0 pax

0% 0 pax

0% 0 pax 

0%

90 pax

50%
88 pax

49% 86 pax

48%
88 pax

48%

118 pax

66%
123 pax

68% 117 pax

65% 115 pax

64% 

153 pax

85%
153 pax

85%
153 pax

85%
153 pax 

85%

Worst day Typical day Best day Required passengers

4.3.        Target operations  
 
Calculations of the operations are divided in seasons, and these are also 
divided in the typical, the best and the worst day of each season. 
 
According to 85% of occupation in the flights of the studied companies, this 
factor becomes a number of passengers and this number into a payload to 
transport in the target flights. 
 
Actuations are calculated with charter flight weights, in case of achieving the 
expected capacity, calculations will be done with regular flight weights (See 
Section 2.2.2). 
 
All calculations have been done taking into account the required payload to 
transport, the distances between the target destinations, the dimensions of the 
airport  as well as the departure and arrival procedure, its geographical 
limitations, all requirements which an operator must meet and the weather (See 
Annex D and E). 
 
In the next Figures, are presented the actuations of both aircrafts for each 
season. It can be seen the number of passengers and the occupation obtained 
for the three days of each season in comparison with the required level. 
 
 
4.3.1.  A320 actuations 
 
 
Fig 4.1. A320. Flight from La Seu d’Urgell to London Stansted. LESU-EGSS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



36  Feasibility of commercial operations at Andorra-Pyrenees airport 
 

Winter
Spring

Summer
Autumn

0 pax

0% 0 pax

0% 0 pax

0% 0 pax 

0%

93 pax

51%
91 pax

50% 89 pax

49%
91 pax

50%

121 pax

67%

125 pax

69% 119 pax

66%
118 pax

65% 

153 pax

85%
153 pax

85%
153 pax

85%
153 pax 

85%

Worst day Typical day Best day Required passengers

Winter
Spring

Summer
Autumn

0 pax

0% 0 pax

0% 0 pax

0% 0 pax 

0%

91 pax

51%
70 pax

39% 71 pax

39%

96 pax

53%

135 pax

75%
133 pax

74% 130 pax

72%

135 pax

75% 

153 pax

85%
153 pax

85%
153 pax

85%
153 pax 

85%

Worst day Typical day Best day Required passengers

Fig 4.2. A320. Flight from London Stansted to La Seu d’Urgell. EGSS-LESU 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig 4.3. A320. Flight from La Seu d’Urgell to Lisbon. LESU-LPPT 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Technical phase  37 
 

Winter
Spring

Summer
Autumn

13 pax

19%

0 pax

0% 0 pax

0%

13 pax 

19%

29 pax

41%
29 pax

41% 27 pax

38%

33 pax

48%

38 pax

54% 35 pax

51%
33 pax

48%

39pax

56% 

59 pax

85%
59 pax

85%
59 pax

85%
59pax 

85%

Worst day Typical day Best day Required passengers

Winter
Spring

Summer
Autumn

0 pax

0% 0 pax

0% 0 pax

0% 0 pax 

0%

91 pax

51%

70 pax

39%
71 pax

39%

96 pax

53%

135 pax

75% 133 pax

74% 130 pax

72%

135 pax

75% 

153 pax

85%
153 pax

85%
153 pax

85%
153 pax 

85%

Worst day Typical day Best day Required passengers

Fig 4.4. A320. Flight from Lisbon to La Seu d’Urgell. LPPT-LESU  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
4.3.2.       ATR 72 actuations 
 
 
Fig 4.5. ATR 72. Flight from La Seu d’Urgell to London Stansted. LESU-EGSS 
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Fig 4.6. ATR 72. Flight from London Stansted to La Seu d’Urgell. EGSS-LESU. 
Regular flight weights at 100 % of payload capacity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig 4.7. ATR 72. Flight from La Seu d’Urgell to Lisbon. LESU-LPPT 
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Fig 4.8. ATR 72. Flight from Lisbon to La Seu d’Urgell. LPPT-LESU. Regular 
flight weights at 100 % of payload capacity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4.4.        Target operations conclusions 
 
The obtained results are not the most favorable, because in not all cases the 
expected capacity is reached.  
 
The ATR72 does not present any problem at landing, even in the worst cases, 
when the runway is wet, pressure is low and there is tail wind, it does not need 
the entire runway to land. It is capable to perform the flights from Stansted or 
Lisbon to La Seu with 100 % of the capacity with weights of regular flights. 
 
The remaining cases with both aircrafts are affected by the runway length and 
obstacles. The rain only affects the A320 and does not allow it to take off or 
land. Operations with rain are not possible with the A320. It has been calculated 
that when there is no rain the airport is operable the percentage of time 
presented in Table 4.3. 
 
 
Table 4.3. Operability of the airport due to the rain  
  
 A320 ATR 72 
Winter 81,17 % 100 % 
Spring 66,21 % 100 % 
Summer 75,10 % 100 % 
Autumn 74,53 % 100 % 
All year 74,30 % 100 % 
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It is only possible to present the amount of days which the airport is operable 
due to the rain. The other meteorological factors affect as well the performances 
of the aircrafts, but the main restrictions are the length of the runway and the 
obstacles. The ATR 72 cannot take off from La Seu in the worst days  of 
Summer and Spring, but it is not directly due to the rain, it is because the 
combination of all the other meteorological variables. 
 
It is a decision of each airline to operate this route or not, because there is not 
only one way to calculate the feasibility of a flight. Each company has each own 
way to calculate it, with different operational costs to cover like the maintenance 
of the different kind of fleet, the salaries of the crew members, fuel or different 
fees depending on the kind of aircraft. These costs depend on the kind of fleet 
and the kind of airline.  
 
Each airline must evaluate its costs and decide if it is feasible to perform these 
operations. All these factors have repercussions in the price of the tickets, 
which is the final target of each company, be capable to offer competitive prices 
for a flight. 
 
Table 4.4. shows the passenger capacity obtained in the calculations along the 
year. This percentage is the PLF (Passenger Load Factor) obtained. 
 
 
Table 4.4. Average passenger capacity per seasons 
 
 A320 ATR 72 
Winter 40,5 % 69,6 % 
Spring 38,5 % 65,7 % 
Summer 37,5 % 64,6 % 
Autumn 40,2 % 71 % 
Average passenger capacity along the year 39,2 % 67,7 % 
 
 
According at the ERA (European Regions Airlines Association) (See Section 
2.2) data which presents an average PLF of a 61,8 %, it can be seen that the 
ATR 72 is fully feasible for these kind of operations.  
 
The A320 does not reach the ELFAA’s (European Regions Airline Association) 
data which the average PLF is of a 81,8 % and the percentage obtained is less 
than the half. 
 
The A320 has been chosen because is the most extended aircraft among the 
European airlines, covering a big part of the market, but for this case it is not the 
most optimal aircraft. In the AIRBUS family there are smaller aircrafts like the 
A319 which could offer better performances tor this specific case. The capacity 
of this aircraft for a low cost airline is about 156 seats. The calculations have 
been repeated for this aircraft with a payload of an 85 % of its capacity (132 
passengers). The results found, show no improvements in the transported 
percentage of payload, it is even lower. Therefore, this aircraft it is unprofitable 
as well (See Annex D) .  
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CHAPTER 5. ACTIONS TO OPTIMIZE THE OPERATIONS 
 
 
Basically, there are two main options to improve the operations at the airport: 
the enlargement of the runway or a new design of the departure contingency 
procedure for runway 22 to avoid the obstacles. This contingency procedure 
must be designed by the operator and approved by the authorities. This is not a 
new departure/arrival procedure, it is only the contingency procedure which 
must be followed by the aircraft in case of engine failure to pass over the 
obstacles in case of engine failure at take off, the aircraft must be capable to 
avoid the obstacles following the contingency procedure.  
 
It is assumed that in case of a go around at landing, the procedure is already 
designed with the minimum required climb gradient (See Section 3.1.) [11]. 
 
Both options are studied separately to make sure which is the main restriction 
and which is the best solution, the runway enlargement, the design of a new 
contingency procedure or a combination of both.   
 
The main constraint comes from the obstacles. The ATR 72 has enough 
distance to take off and land but the climb gradient reduces considerably the 
available mass. The main limitation of the A320 is the obstacles as well, but is 
also affected by the runway length. Therefore, for improving the performances, 
the solution is a combination of both actions (See Annex F). 
 
 
 
5.1.        Runway enlargement 
 
A measure to take for reaching the target payload is the runway enlargement on 
the northern side. It will increase the runway length and the obstacles distance 
from the lift off point. 
 
This action has been studied already and it is not possible to enlarge the 
runway until all operations are feasible because the airport is located on a 
plateau and currently occupies almost the full length of it. 
 
A study performed by the Generalitat de Catalunya contemplates the possibility 
of enlarging the runway up to 1500 meters on the southern side. The northern 
header is close to buildings, roads and industrial zones, and then it is only 
possible to enlarge the runway in the southern direction, reducing the distance 
between the obstacles and the lift off point. With this distance the reference key 
of the airport stills being 2C. Tables 5.1 and 5.2 show the improvement in mass 
due to the runway enlargement. The improvement is calculated in the winter 
case (See Annex F) [11].  
. 
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Table 5.1. Winter case. Take off masses improvement due to the runway 
enlargement. 
 
 Typical day Best day Worst day 
A320. Runway of 1330m 54754 Kg 57420 Kg No take off 
A320. Runway of 1500m 55278 Kg 57602 Kg No take off 
ATR 72. Runway of 1330m  16600 Kg 17400 Kg 15200 Kg 
ATR 72. Runway of 1500m 17000 Kg 17900 Kg 15300 Kg 
    
Mass improvement on A320 524 Kg 182 Kg 0 Kg 
Mass improvement on ATR 72 400 Kg 500 Kg 100 Kg 
 
 
Table 5.2. Winter case. Landing masses improvement due to the runway 
enlargement. 
 
 Typical day Best day Worst day 
A320. Runway of 1330m 51407 Kg 55275 Kg No landing  
A320. Runway of 1500m 60915 Kg 63718 Kg No landing 
ATR 72. Runway of 1330m 21300 Kg 21300 Kg 21300 Kg 
ATR 72. Runway of 1500m 21300 Kg 21300 Kg 21300 Kg 
    
Mass improvement on A320 9508 Kg 8443 Kg 0 Kg 
Mass improvement on ATR 72 0 Kg 0 Kg 0 Kg 
 
 
At landing, the increment of mass in the A320 is very important and permits to 
reach the target payload in the typical days (See Annex G). The ATR 72 is 
already capable to operate at its maximum landing weight with the initial runway 
(See Annex H).  
 
Restrictions at landing will be solved with only this action. Also, it makes the 
A320 capable to land in the runway when it is wet in a higher number of days, 
but not in the worst day.  
 
About the take off, there are also small increments at the take off mass in both 
aircrafts. 
 
 
5.2.        Design of a new contingency procedure 
 
With the design of a new departure contingency procedure, avoiding the most 
restrictive obstacle, it is possible to lower the climb gradient. With the new 
procedure, the new gross flight path climb gradient is 5,3 %. The next tables 
show the improvement in mass due to the new design at take off(See Annex F). 
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Table 5.3. Winter case. Take off masses improvement due to the new 
departure contingency procedure. 
 
 Typical day Best day Worst day 
A320. Climb gradient of 7,6 % 54754 Kg 57420 Kg No take off 
A320. Climb gradient of 5,3 % 58069 Kg 62982 Kg No take off 
ATR 72. Climb gradient of 7,6 %  16600 Kg 17400 Kg 15200 Kg 
ATR 72. Climb gradient of 5,3 % 18800 Kg 20100 Kg 17200 Kg 
    
Mass improvement on A320 3315 Kg 5562 Kg 0 Kg 
Mass improvement on ATR 72 2200 Kg 2700 Kg 2000 Kg 
 
 
The landing mass has not been calculated because this improvement only 
affects the takoff weight. 
 
The missed approach procedure with the minimum climb gradients already 
exists and the calculations have been done according to it. But, a new one 
should be designed because the point where the pilot must decide whether to 
land or to go around is very high regarding the runway. It means a problem 
because this point must be below the clouds ceiling in the zone and the current 
OCA/H (Obstacle clearance Altitude/Height), which is the altitude where the 
pilot must decide to land or not it is very high. The design of a new missed 
approach procedure should be studied to lower the decision altitude.(See 
Section 3.1.) (See Annex F). 
 
 
 
5.3.         Improvements to take 
 
The solution to improve the performances is taking all options, the runway 
enlargement up to 1500 m and the definition of a new departure contingency 
procedure for runway 22 which avoids the most important obstacles. The 
combination of all makes the airport feasible. The next tables show the gain in 
mass due to both improvements. The calculations have been done in the best 
and the worst case, the winter and the summer (See Annex G and H). 
 
 
Table 5.4. Winter case. Take off masses due to all improvements taken. 
 
 Typical day Best day Worst day 
A320. Initial airport conditions 54754 Kg 57420 Kg No take off 
A320. Final airport conditions 61829 Kg 65063 Kg No take off 
ATR 72. Initial airport conditions  16600 Kg 17400 Kg 15200 Kg 
ATR 72. Final airport conditions 20000 Kg 21300 Kg 18200 Kg 
    
Mass improvement on A320 7075 Kg 7643 Kg 0 Kg 
Mass improvement on ATR 72 3400 Kg 3900 Kg 3000 Kg 
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Table 5.5. Winter case. Landing masses due to all improvements taken. 
 
 Typical day Best day Worst day 
A320. Initial airport conditions 51407 Kg 55275 Kg No landing  
A320. Final airport conditions 60915 Kg 63718 Kg No landing 
ATR 72. Initial airport conditions 21300 Kg 21300 Kg 21300 Kg 
ATR 72. Final airport conditions 21300 Kg 21300 Kg 21300 Kg 
    
Mass improvement on A320 9508 Kg 8443 Kg 0 Kg 
Mass improvement on ATR 72 0 Kg 0 Kg 0 Kg 
 
 
Table 5.6. Summer case. Take off masses due to all improvements taken. 
 
 Typical day Best day Worst day 
A320. Initial airport conditions  54426 Kg  57310 Kg No take off 
A320. Final airport conditions  60529 Kg  64732 Kg No take off 
ATR 72. Initial airport conditions   16,4 T 17 T No take off 
ATR 72. Final airport conditions 19,2 T 19,7 T 17,2 T 
    
Mass improvement on A320 6103 Kg 7422 Kg 0 Kg 
Mass improvement on ATR 72 2800 Kg 2700 Kg 2200 Kg1 
 
 
Table 5.7. Summer case. Landing masses due to all improvements taken. 
 
 Typical day Best day Worst day 
A320. Initial airport conditions 49618 Kg 54855 Kg No landing  
A320. Final airport conditions 59595 Kg 63401 Kg No landing 
ATR 72. Initial airport conditions 21300 Kg 21300 Kg 21300 Kg 
ATR 72. Final airport conditions 21300 Kg 21300 Kg 21300 Kg 
    
Mass improvement on A320 9977 Kg 8546 Kg 0 Kg 
Mass improvement on ATR 72 0 Kg 0 Kg 0 Kg 
 
 
 
5.4.        Results of the improvements taken 
 
Winter and summer are the best and the worst cases to operate in the airport. 
In winter, the masses required at takeoff and landing to operate the routes to 
both target destinations are reached. In summer as well, excepting one case in 
both aircrafts, it is the flight from La Seu d’Urgell to Stansted, but probably, the 
flights with the obtained masses still being feasible (See Annex G and H). In the 
next tables it can be seen whether the target masses are reached according to 
the improvements which have been  taken. 
                                                
1
 The minimum mass for takeoff are 15000 Kg, 2200 Kg is the difference between the new 

mass and the minimum 
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In the tables below the resulting masses which meet the target are painted in 
green and the ones which do not meet the target are painted in red. 
 
 
Table 5.8. A320. Required and obtained take off masses in winter due to both 
improvements. 
 
Required take off 
mass to Stansted 

Obtained take off mass to Stansted. LESU-EGSS 
Typical day Best day Worst day 

61,7 T 61,8 T 65,0 T No take off 
Required take off 
mass to Lisbon 

Obtained take off mass to Lisbon. LESU-LPPT 
Typical day Best day Worst day 

60,4 T 61,8 T 65,0 T No take off 
 
 
Table 5.9. A320. Required and obtained landing masses in winter due to both 
improvements 
 
Required landing 
mass from Stansted 

Obtained landing mass from Stansted. EGSS-LESU 
Typical day Best day Worst day 

57,9 T 60,9 T 63,7 T No landing 
Required landing 
mass from Lisbon 

Obtained landing mass from Lisbon. LPPT-EGSS 
Typical day Best day Worst day 

57,0 T 60,9 T 63,7 T No landing 
 
 
Table 5.10. A320. Required and obtained take off masses in summer due to 
both improvements 
 
Required take off 
mass to Stansted 

Obtained take off mass to Stansted. LESU-EGSS 
Typical day Best day Worst day 

61,7 T 60,5 T 64,7 T No take off 
Required take off 
mass to Lisbon 

Obtained take off mass to Lisbon. LESU-LPPT 
Typical day Best day Worst day 

60,4 T 60,5 T 64,7 T No take off 
 
 
Table 5.11. A320. Required and obtained landing masses in summer due to 
both improvements 
 
Required landing 
mass from Stansted 

Obtained landing mass from Stansted. EGSS-LESU 
Typical day Best day Worst day 

57,9 T 59,5 T 63,4 T No landing 
Required landing 
mass from Lisbon 

Obtained landing mass from Lisbon. LPPT-LESU 
Typical day Best day Worst day 

57,0 T 59,5 T 63,4 T No landing 
 
 
 



46  Feasibility of commercial operations at Andorra-Pyrenees airport 

 

Table 5.12. ATR 72. Required and obtained take off masses in winter due to 
both improvements. 
 
Required take off 
mass to Stansted 

Obtained take off mass to Stansted. LESU-EGSS 
Typical day Best day Worst day 

19321 Kg 20000 Kg 21300 Kg 18200 Kg 
Required take off 
mass to Lisbon 

Obtained take off mass to Lisbon. LESU-LPPT 
Typical day Best day Worst day 

19225 Kg 20000 Kg 21300 Kg 18200 Kg 
 
 
Table 5.13. ATR 72. Required and obtained landing masses in winter on a 
regular flight at 100 % of the capacity, due to both improvements 
 
Required landing 
mass from Stansted 

Obtained landing mass from Stansted. EGSS-LESU 
Typical day Best day Worst day 

19650 Kg 21300 Kg 21300 Kg 21300 Kg 
Required landing 
mass from Lisbon 

Obtained landing mass from Lisbon. LPPT-LESU 
Typical day Best day Worst day 

19606 Kg 21300 Kg 21300 Kg 21300 Kg 
 
 
Table 5.14. ATR 72. Required and obtained take off masses in summer due to 
both improvements. 
 
Required take off 
mass to Stansted 

Obtained take off mass to Stansted. LESU-EGSS 
Typical day Best day Worst day 

19321 Kg 19200 Kg 19700 Kg 17200 Kg 
Required take off 
mass to Lisbon 

Obtained take off mass to Lisbon. LESU-LPPT 
Typical day Best day Worst day 

19225 Kg 19220 Kg 19700 Kg 17200 Kg 
 
 
Table 5.15. ATR 72. Required and obtained landing masses in summer on a 
regular flight at 100 % of the capacity, due to both improvements. 
 
Required landing 
mass from Stansted 

Obtained landing mass from Stansted. EGSS-LESU 
Typical day Best day Worst day 

19650 Kg 21300 Kg 21300 Kg 21300 Kg 
Required landing 
mass from Lisbon 

Obtained landing mass from Lisbon. LPPT-LESU 
Typical day Best day Worst day 

19606 Kg 21300 Kg 21300 Kg 21300 Kg 
 
 
The masses painted in green meet the target of the 85 % of the aircraft 
passengers capacity. 
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CHAPTER 6. ENVIRONMENTAL IMPACT 
 

 
Any airport built anywhere, supposes an environmental impact. Andorra – 
Pyrenees airport is located in a high mountainous area, in the Pyrenees, a zone 
which must be strongly preserved because its richness in vegetation and fauna 
is invaluable. For this reason, adapting the airport to the environment and 
minimizing the impact are ones of the most important tasks, and in the same 
way, it is also important to find trade off solutions for the correct development of 
the airport. 
 
The airport can affect the environment in many aspects: population, vegetation, 
fauna, atmosphere, water resources and soil.  
 
Contamination can be transmitted to the environment in gas emissions or like a 
noise. Gases as carbon monoxide, sulfur dioxide and nitrogen oxide can be 
toxic by the vegetation, fauna and the atmosphere and also hydrocarbons. 
Noises can be annoying for the population in the surrounding areas and also for 
the animals. 
 
The airport is located in the middle of protected areas and natural parks as the 
Parc Natural del Cadí Moixeró, Vall de Santa Magdalena, Serres d’Òden Port 
and Serra de l’Aubenç.  
 
These zones are protected by environmental plans like PEIN (Natural Interest 
Spaces Plan), the net NATURA 2000 or the project of Parc Natural de l’Alt 
Pirineu, which aims to convert the Pyrenees from the Vall d’Aran to l’Alt Urgell 
into a natural reservoir. 
 
 
 
6.1  Natural Interest Spaces Plan (PEIN) 
 
This is a plan created by La Generalitat de Catalunya for warranting the 
conservation of the biodiversity of the natural heritage, along with the promotion 
of a sustainable use of the natural resources. The PEIN establishes a net of 
protected natural spaces in Catalunya with the aim of conserving the geological 
heritage, habitats and ecosystems more representative of Catalunya.[23] 
 
In the next figure it can be seen the preserved areas of the plan. The airport is 
not included in these protected zones. Nonetheless, as it can be seen in the 
next figure, it is close to Beneidor area at the east (number 20) and more at the 
east the Serralada del Cadí- Moixeró (number 38). 
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Fig 6.1 . Protected areas by PEIN [2.13] 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
6.2.   NATURA 2000 net 
 
NATURA 2000 is a European net in charge of protecting natural spaces with the 
aim of making compatible the protection of the species and the natural habitats 
with human activities developed. This is the most important politic initiative to 
preserve the nature.[24] 
 
 
 
6.3.  Natural Park of l’Alt Pirineu 
 
The region of Pallars Sobirà and the north of l’Alt Urgell encompass most of the 
axial catalan Pyrenees. The environmental department of the Generalitat de 
Catalunya has determined a special protection regime for the zone, declaring it 
a natural park. [25] 
 
As it can be seen in figure 6.2, the airport is outside the protected area, but 
close to the border. 
 
Aspects like procedures designing must be performed very carefully taken into 
account the protected surrounding area, avoiding aircrafts overflying that zone. 
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Fig 6.2.   Natural park of l’Alt Pirineu [2.14] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The airport is not included directly in any protected zone but it is close to many 
protected zones and its environmental impact will be important. Several actions 
must be taken to minimize it.  
 
It must be performed a deep study about the impact on the environment, as well 
as a study of the impact in the villages close to the airport due to the noise. 
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CHAPTER 7. PROJECT MANAGEMENT 
 
 

The project was planned to be performed in four months. The planning was 
done with the program Microsoft Project, which allow you to divide the whole 
project in subtasks and to indicate the duration of each subtask. In Figure 8.1. it 
can be seen the project planning.   
 
 
Fig 7.1. Project Gant chart 
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Due to several problems when the project was being carried out, the delivery 
date has been delayed around two months. 
 
The main delay has been due to the obstacles calculation method. Finding the 
required precision on the obstacles position was a complicated work. For this 
purpose, several methods have been tried until the right one was found (See 
Annex C).  
 
The rest of the delay has been due to the changes that the project has suffered 
from the initial planning until the final version. In the initial planning there were 
some sections missing, which currently make the project more complete. 
 
In the lines below it can be seen the initial index. 
 
INITIAL INDEX 
 
INTRODUCTION 
 History of the airport 
 Current situation 
 Project justification 
 
TECHNICAL PHASE 
 Limitations 
  Geographical 
  Operational 
 Aircrafts design 
 Actuations calculations according to the current situation   
  Take off and landing distance 
  Stands and taxis dimensions 
  Take off flight path    
  Approach 
  Radio aids 
  SID’s and STAR’s 
  Emergency procedures 
 Limitations on the operations of the aircrafts design according to the current situation   
 Requirements for the optimum operations of the aircrafts design 
 Planning of a target route 
 
COMMERCIAL PHASE 
 Feasibility of the target route 
 Feasibility of the airport enlargement 
 
AIRPORT ENLARGEMENT 
 Physical dimensions of the enlargement 
 Cost of the enlargement 

 
ENVIRONMENTAL IMPACT 
 Environmental constrains and restrictions 
 Measures to integrate the airport at the environment 
 
CONCLUSIONS 
  
There are some differences between the initial and the actual index. The 
organization of the whole project has changed and it has not been so focused in 
commercial aspects as the cost of the enlargement or its economical feasiblity. 
It has been more focused in the technical aspects of the operations of the 
aircrafts design. Also some aspects as the meteorological study were missed in 
the initial planning. 



Calculation of project cost  53 

 

CHAPTER 8. CALCULATION OF PROJECT COST 

 
This project has been carried out by an student as a final degree project. 
Whether this project had been carried out by a professional enginnering 
company, the cost of performing this study will be 37.200 €. It can be seen in 
Table 8.1. 
 
 
Table 8.1. Cost of the project 
 
Date of start 15 of February 
Date of delivery 30 of September 
Total period 7 months and 15 days 
Total working days 155 days 
Workable hours a day 4 hours a day 
Total workable hours 620 hours 
Cost in person/year 0,35 
Price of the hour 60 € 
Price of the project 37.200 € 
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CHAPTER 9. CONCLUSIONS 
 
 
It has been demonstrated that there is a potential traffic of passengers and it 
have been calculated the possibilities that the airport has in the current 
forecasted conditions. The initial results according to these conditions show that 
the airport would not be feasible for the studied cases, which are a realistic 
representation of the expected market.  
 
The next step was to improve the airport by enlarging the runway and designing 
new contingency procedures. In this situation,even in the worst cases most of 
the targets have been accomplished. 
  
There is an important difference between whether the airport is adapted for the 
commercial traffic according only to the Master Plan 2002 or also the 
improvements proposed in this project are taken.  
 
The difference between both situations for the target cases studied are shown 
below. Targets are meet in the following percentages: 
 
 
 
Flights between La Seu d’Urgell and Stansted  with both aircrafts  
Conditions forecasted  only by the Master Plan 2002  25 % 
Final conditions  with the improvements proposed in this project  67 % 
 
 
Flights between La Seu d’Urgell and Lisbon  with both aircrafts  
Conditions forecasted  only by the Master Plan 2002  25 % 
Final conditions  with the improvements proposed in this project  75 % 
 
 
Operations carried out by the A320  
Conditions forecasted  only by the Master Plan 2002  0 % 
Final conditions  with the improvements proposed in this project  63 % 
 
 
Operations carried out by the ATR 72  
Conditions forecasted  only by the Master Plan 2002  50 % 
Final conditions  with the improvements proposed in this project  79 % 
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However, with the forecasted situation by the Master Plan 2002 [11], the 
percentage of targets achieved, does not justify the operations studied. 
 
It can be seen that the proposed improvements (the runway enlargement and 
the new design of contingency procedures) increase considerably the potential. 
Therefore, the airport can be considered as feasible for the target cases as well 
as for the commercial traffic.  
 
The most important problem is to get accuracy enough in the departure – arrival 
procedures and according to the current forecasted situation it is not possible to 
get it. The solutions must be based in P-RNAV procedures. It must be studied if 
according to the forecasted navigation aids it is possible to implement P-RNAV 
procedures.  
 
Among the solution presented, it must be studied in terms of cost-benefit 
whether the improvements are feasible. 
 
In my opinion, designing new contingency procedures and if it is possible, 
implementing P-RNAV procedures will increase the airport capacity in a 
cheaper way. The price of enlarging the runway must be studied deeply, 
because in the specific case of La Seu d’Urgell it is hard to perform it, because 
the airport is located on a plateau and the terrain movements on this zone are 
complicated.  
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