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PREFACE

In  response to a request from the Government of the
Orlental Republic of Uruguay, the Japanese Government
decided to conduct a study on the Development Plan of
the International Airport of Carrasco and entrusted the
study to the Japan International Cooperation Agency
{JiCA).

JICA sent to the Oriental Republic of Uruguay a survey
team headed by Mr. Shigeru Shibata of Japan Airport
Consultants, Inc., three times from April 1989 to March
19890.

The team held discussions with concerned officials of
the Government of the Oriental Republic of Uruguay, and
conducted - field surveys. After the team returpned to
Japan, further studies were made and the present report
was prepared.

I hope that this report will contribute to the
promotion of fhe project and to the enhancement of
friendly relations between our two countries.

I wish to express my sincere appreciation to the
officials concerned of the Government of the Oriental
Republic of Uruguay for their close cooperation
extended to the team. '

March 199%0

pomenkoe for

" Kensuke Yanaglya
President
Japan International Cooperatlon Agency




_ - March 1980
Mr. Kensuke Yanagiya

President :

Japan International Cooperation Agency

Tokyo, Japan

Dear Sir,

LETTER OF TRANSMITTAL

~ We have pleasure in Smeitting to you  herewith the
final report of The Study on The Development Plan- of. The
International Airport of Carrascc in The Oriental Republic
of Uruguay. The Study was made during the period from April
1989 to March 1990 to examine the technical, economic and
financial feasibility of the Project as well as to pursue
technology transfer to Uruguayan Government experts during
the Study period.

The final report was prepared based on the draft final
report, duly reflecting the official comments of the
Uruguayan Government thereon.

We wish to take this opportunity of expressing our
sincere gratitude to the officials concerned of your Agency,
Advisory Committee, as well as the Embassy of Japan in
Uruguay and last but not least to those of the Government of
the Oriental Republic of Uruguay for the kind assistance and
cooperation extended to us throughout the period of  the
Study.

Yours Taithfully,

S/ _ /
b/,{jj\ ,4242;‘L*‘
Shigeru Shibata
Team Leader

Japan Airport Consultants, Inc.



THE STUDY ON THE DEVELOPMENT PLAN

OF

THE INTERNATIONAL ATRPORT OF CARRASCO

IN

THE ORTENTAL REPUBLIC OF URUGUAY

- FINAL REPORT -

TABLE OF CONTENTS

CONCL.USION AND SUMMARY

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

bO b3
i
N =N

NML'I\'J
| food
o1 b 0

W w
!
W W

nhuh-llh
|
OB

t

[ 41
!
B R

i1
i
[

BACKGROUND OF PROJECT
Introduction

Soclo-economic Situation
Transport System

Air Transport System in Uruguay
Carrasco Interpational Ailrport

FORECAST OF FURUTE AIR TRAFFIC DEMAND

The Present Air Traffic Demand At Carrasco
Forecasting Approaches for Air Traffic
Demand '

Forecasting Model Buiilding

Forecasting Assumptions

Forecast of Future Air Traffic Demand

at Carrasco

EXISTING FACILITY CONDITIONS
Alrfield Facilities

Terminal Area Facilities
Air Navigation Facilities

FACILITY REQUIREMENTS
Basic Conditions
Airfield Facilities
Terminal Area Facllities

AIRPORT MASTER PLAN

Alternative Alrport Layout Plan

Airport Master Plan, Finalized Facility
Requirements and Airport Development Plan

- for Feasibility Study

Alr Space Use Plan



CHAPTER

CHAPTER 7

CHAPTER

CHAPTER

CHAPTER 10
10-1
10-2
10-3
10-4

CHAPTER 11
11-1
i1-2
11-3

CHAPTER 12

PRELIMINARY DESIGN
General _
Alrfield Facillties

- Terminal Area Facilitieé

Air Navigation Facilities

AIRPORT MANAGEMENT AND OPERATION

CONSTRUCTION SCHEDULE AND COST ESTIMATE

. Construction Conditions

Construction Schedule
Cost Estimate

ECONOMIC ANALYSIS g
Baslic Concept

Estimate of Economic¢ Costs

Estimate of Economic Benefits
Economic Evaluation

FINANCIAL ANALYSIS

General

Estimate of Financial Costs
Estimate of Financial Benefits
Financial Evaluation

PROJECT IMPLEMENTATION PROGRAMME
Alrport Administration Organization
Project Implementation Organization
Financing Plan for the Project

STAFF TRAINING PROGRAMME

6-01
8-01
6-098
6-13

8-01
8-03
8-22

9-01
9-04
. 9-06
9-09

10-01
10-01
10-03
10-08

11-01
11-01
11-04



LIST OF TABLES

(Page)
A Summary of Forecasted Air Traffic Demand 0-3
at Carrasco International Airport
B Summary of Facility Requirements 0-5
c Summary of Improvement Measures for 0-86
Short-term Development (1995 & 2000) 0-7
D Summary of Construction Cost Estimate 0-11
2-1 AIR TRAFFIC DATA AT CARRASCO AIRPORT 2-3
2~2 INDEX OF AIR TRAFFIC DATA AT CARRASCO AIRPORT 2“3
9.3 THE FORECASTING ASSUMPTIONS FOR AIR TRANSPORT 2.18
DEMAND
2-4 FORECAST OF FUTURE AIR TRAFFIC.DEMAND AT CARRASCO 2-19
2-5 PUENTE AEREO PASSENGER BY CASE 2-20
2-86 OTHER INTERNATIONAL PASSENGER BY CASE 2~21
2-7 TOTAL INTERNATIONAL PASSENGER IN THREE CASES 2-22
0-8 INTERNATIONAL AIR PASSENGER DEMAND AT CARRASCO 993
AIRPORT BY ROUTE
2-9 DOMESTIC PASSENGER BY CASE 2-24
2-10 DOMESTIC AIR PASSENGER DEMAND OF CARRASCO 2-05
AIRPORT BY ROUTE
2-11 EXPORT CARGO BY CASE 2-26
2-12 IMPORT CARGO BY CASE 2-27
2-13 TOTAI., INTERNATIONAL CARGO BY CASE 2-28
2-14 INTERNATIONAL AIR CARGO DEMAND BY ROUTE 229




LIST QF TABLES

{Page)

3-1 SCOPE OF SUPPLEMENTARY FIELD SURVEYS 3-9

4.5 STRUCTURE OF PAVEMENT AND EXISTING SURFACE 514
CONDITIONS . -
EQUIVALENCY FACTOR FOR ASPHALT AND CEMENT

3.3 _ 3-18
CONCRETE LAYER

s GENERAL CHARACTERISTICS AND EVALUATION OF 417

_ BASE AND SUB-BASE

3-5 INITIAL ALLOWABLE LOAD OF EXISTING PAVEMENT 3-20

a6 PROBLEMS OF SLOPES ON EXISTING RUNWAYS AND 321
TAXIWAYS

5 SUMMARY OF BUILDING FLOOR SPACE AND ACTUAL =28
CAPACITY OF MAJOR TERMINAL FACILITIES

. SUMMARY OF EXISTING SITUATION ON THE CARGO 5 a3

' FACILITIES

3-9 ACTUAL PARKING SPACES AND CAPACITIES 3-34

4-1 DEVELOPMENT SCHEDULE 4-2

4-2 ACTUAL AIRCRAFT MIXTURE 4-3

13 AIRCRAFT MIXTURE AND AVERAGE NUMBER OF SEATS PER[ .
FLIGHT BY DESIGN YEAR(Other International flight)

4-4 PEAK-DAY AIRCRAFT MOVEMENT (Peak-day flight) 4-1

4-5 PEAK-DAY PASSENGER MOVEMENT 4-11

4-6 PEAK-HOUR PASSENGER MOVEMENT 4-14

4-7 PEAK-DAY CARGO VOLUME | 4-15

4.g |ESTIMATED DISTRIBUTION OF INTERNATIONAL AIR CARGO 416
BETWEEN PASSENGER AIRCRAFT AND CARGO FREIGHTER

4-9 REQUIRED RUNWAY LENGTH 4-19

4-10 | WIND COVERAGE AT CARRASCO 4-20

4-11 | THE PROBABTLITY WITH THE WX MINIMA 4-21




LIST OF TABLES

(Page}

4-12 | REQUIRED NUMBER OF AIRCRAFT PARKING APRONS 4-23

4;13 ESTIMATED TOTAL FACILITY REQUIREMENTS FOR 494
PASSENGER TERMINAL BUILDING

4-14 ESTIMATED TOTAL FACILITY REQUIREMENTS FOR Aus
CARGO TERMINAL BUILDING

4-15 RECOMMENDED FACILITY REQUIREMENTS OF 433
AIRFIELD FACILITIES

4-16 RECOMMENDED FACILITY REQUIREMENTS OF 435
TERMINAL AREA FACILITIES

4-17 RECOMMENDED FACILITY REQUIREMENTS OF 438
AIR NAVIGATION FACILITIES

5-1 CONCEPTUAL ATRPORT LAYOUT PLANS 5-2

5o SUMMARY OF EVALUATION ON THE ALTERNATIVE &
AIRPORT LAYOUT PLANS IN THE YEAR 2010

53 FINALIZED FACILITY REQUIREMENTS FOR 51y
AIRFIELD FACILITIES

54 FINALIZED FACILITY REQUIREMENTS FOR 515
TERMINAL AREA FACILITIES *

. FINALIZED FACILITY REQUIREMENTS FOR 520
AIR NAVIGATION FACILITIES

-1 REQUIRED OVERLAY THICKNESS 63
(RWY06/24 and related taxiways)

6-2 REQUIRED OVERLAY THICKNESS (RWY01/19) 8-5

6-3 TYPICAL CROSS SECTION OF APRON PAVEMENT 6-8

64 PRELIMINARY DESIGN_CONDITIONS AND CRITERTIA FOR 6-10
TERMINAL AREA FACILITIES

65 _ PRELIMINARY DESIGN CONDITIONS AND CRITERIA FOR 614
AIR NAVIGATION FACILITIES

7-1 7-5

RECOMMENDED MANNING FROGRAMME OF DGIA




LIST OF TABLES

8-1 SUMMARY OF CONSTRUCTION COST (Grade-I) 8-23
8-2 SUMMARY OF CONSTRUCTION COST (Grade-1I) 8-24
8-3 SUMMARY OF CONSTRUCTION COST (Grade-III) 8-25
g-1 ANNUAL ECONOMIC COSTS OF INVESTMENT 9-4
-2 MATNTENANCE AND OPERATTON COST OF EXISTING 95
FACILITIES AT CARRASCO INTERNATIONAL AIRPORT
9.3 ANNUAL ECONOMIC COSTS OF MAINTENANCE AND oot
* OPERATION
9-4 INGREMENTAL NET TOURISM INCOME 9-7
9-5 INCREMENTAL AIRPORT OPERATING REVENUES 9-8
9-6 CASH FLOW OF ECONOMIC COST AND BENEFITS 9-10
10-1 ANNUAL FINANCIAL COSTS OF INVESTMENT 10-1
1o-3 ANNUAL FINANCIAL COSTS OF MAINTENANCE AND 10-2
OPERATION '
10-3 INCREMENTAL AIRPORT TARIFF REVENUE 10-5
10-4 COMPARISON OF REPRESENTATIVE CHARGES 10-7
10-5 CASH FLOW OF FINANCIAL COST AND BENEFITS 10-8
11-1 CONDITIONS OF FUNDS AVAILABLE 11-4
11-2 CASE OF CASH-FLOW FORECAST 11-5
11-3 FORECAST OF CASH FLOW 11-6
11-4-(1)| CASH FLOW STATEMENT (Case 1) 11-7




LIST OF TABLES

(Page)

11-4-(2)| CASH FLOW STATEMENT (Casc 1) 11-8
11-4-(3)| CASH FLOW STATEMENT (Case 1) 11-9
11-5-(1)| CcASH FLOWISTATEMENT (Case 2) 11-10
11-5-(2) | CASH FLOW STATEMENT (Case 2) 11-11
11-5-(3)| CASH FLOW STATEMENT (Casc 2) 11-12
11-6-(1)| CASH FLOW STATEMENT (Case 3) 11-13
11-6-(2) | CASH FLOW STATEMENT (Case 3) 11-14
11-6-(3) CASH ¥LOW STATEMENT (Case 3) 11-15
11-7-(1)| CASH FLOW STATEMENT (Case 4) 11-16
11-7-(2)| CASH FLOW STATEMENT {(Case 4) 11-17
11-7-(3) | CASH FLOW STATEMENT (Case 4) 11-18
11-8-(1) | CASH FLOW STATEMENT (Case 5) 11-19
11-8-(2)| CASH FLOW STATEMENT (Case §) 11-20
11-8-(3)| CASH FLOW STATEMENT (Case 5) 11-21
11-9-(1)| CASH FLOW STATEMENT (Case 6) 11-22
11-9-(2)} CASH FLOW STATEMENT (Case 6) 11-23
11-9-(3) | CASH FLOW STATEMENT (Case 6) 11-24




LIST OF FIGURES

(Page)
a Finalized Alrport Master Plah ~0-13
b Short-term Development Plan Grade 1 0-14
c Short-term Develépment Plan Grade 2 0-15
d Short-term Development Plaﬁ Grade 3 0—16
1-1 THE ORIENTAL REPUBLIC OF ﬁRUGUAY 1-3
1-2- TRANSPORT SYSTEM IN URUGUAY 1—6
1-3 LOCATION OF AIRPORTS AND DOMESTIC AIR ROUTE 1-8
1-4 EXISTING AIRPORT LAYOUT 1—10
2-1 PUENTE AEREO PAX, GDP & FARE 2-4
2-2 OTHER INT PAX, GDP & IFARE 2-4
2-3 DOMESTIC PAX, GDP & FARE 2-4
2-4 EXPORT CARGO & GDP 2-5
2-5 IMPORT CARGQ & GDP 2—5
2.6 FORECASTING PROCEDURE OF AIR TRAFFIC DEMAND o7
AT CARRASCO AIRPORT
2-7 TYPICAL TREND CURVES 2-8
2-8 INT. PAX.(PUENTE AEREO) 2—12
2-9 INT. PAX (OTHER INT'L PAX) 2-14
2-10 DOM. PAX 2-15
2-11 EX. CGO 2-186




LIST OF FIGURES

- (Page)
2-12 | M. ceo 2-17
2-13 | PUENTE AEREO PASSENGER 2-90
2-14 | OTHER INT'L PASSENGER 2-21
2-15 | DOMESTIC PASSENGER 2-24
2-16 | EXPORT CARGO 2-26
2-17 | IMPORT CARGO 2-27
3-1 EXISTING SURFACE LAYER 3-4
3-2 ORIGINAL CONSTRUCTION HISTORY 3-5
3-3 HISTORY OF OVERLAY WORKS 3-6
3-4 LOCATIONS OF TOPOGRAPHIC FIELD SURVEYS 3-10
3-5 LOCATIONS OF GEOLOGICAL AND PAVEMENT SURVEYS 3-11
3-8 SURFACE CONDIT'IONS OF PAVEMENT 3-15
a7 PROCEDURES FOR ESTABLISHING LOAD-CARRYING 519
CAPACITY OF EXISTING PAVEMENT
3-8 EXTSTING PASSENGER TERMINAL BUILDING 3-27
3-9 EXISTING CARGO TERMINAL BUILDING 3-30
3-10 | SCHEMATIC ACTUAL CARGO FLOW 3-31
3-11 | ACTUAL STORED PERIOD OF IMPORT CARGO 3-32
3-12 | EXISTING CAR FLOW AND LAYOUT OF CAR PARKS 3-35
313 EXISTING FUEL SUPPLY FACILITIES 558
(located at military area) )
- EXISTING LOCATIONS OF RADIO NAVIGATION AIDS
3-14 : 3-44

INSIDE THE AIRPORT




LIST OF FIGURES

: | _ (Page)
o 15 | EXISTING LOCATIONS OF RAD1O NAVIGATION AIDS 5 a5
| OUTSIPE THE AIRPORT _
3-16 | EXISTING AFTN SYSTEM CONFIGURATION 3-48
3-17 | EXISTING DIRECT SPEECH SYSTEM CONFIGURATION 3-47
3-18 | EXISTING LAYOUT OF VISUAL ALDS 3-50
3-19 | DIAGRAM OF EXISTING MAIN SUBSTATIONS | 3-52
oo | THE RELATION BETWEEN RWY 24 1LS COURSE AND 5o
: STANDARD TRAFFIC PATTERN OF ARTIGAS AERODROME :
4-1 SIMULATED FLIGHT SCHEDULE (Year 1995) 4-8
4-2 | SIMULATED FLIGHT SCHEDULE (Year 2000) 4-9
4-3 | SIMULATED FLIGHT SCHEDULE (Year 2010) 4-10
CUMULATIVE CURVE OF PASSENGERS PER FLIGHT
4-4 | ENTERING THE CARRASCO ATRPORT PRIOR TO 4-12
DEPARTURE FLIGHT (PUENTE AEREO)
CUMULATIVE CURVE OF PASSENGERS PER FLIGHT
4-5 | ENTERING THE CARRASCO AIRPORT PRIOR TO 4-13
DEPARTURE FLIGHT (INTERNATTONAL FLIGHT)
4o | UOURLY CAPACITY OF RUNWAY USE DIAGRAM NOS. 1.54 |
FOR IFR CONDITIONS
4.7 | COMPARISON BETWEEN ACTUAL AND REQUIRED ot
CAPACITIES (APRON)
.5 | COMPARISON BETWGEN ACTUAL AND REQUTRED 120
CAPACITIES (PASSENGER TERMINAL)
5-1 | ATRPORT LAYOUT PLAN (Year 2010} ALTERNATIVE A 5-5
5-2 | AIRPORT LAYOUT PLAN (Year 2010} ALTERNATIVE B 5-6
5-3 | FINALIZED AIRPORT MASTER PLAN 5-10
FINALIZED AIRPORT DEVELOPMENT PLAN
5-4 5-24

PHASE 1 TARGET YEAR 1995




LIST OF FIGURES

. {(Page)
55 FINALIZED AIRPORT DEVELOPMENT PLAN 595
PHASE 2 TARGET YEAR . 2000
5@ _PRELIMINARY’CONCEPT OF INSTRUMENT APPROALH AND 5 o7
DEPARTURE PROCEDURES (RWY 06 OPERATION)
57 PRELIMINARY CONCEPT OF INSTRUMENT APPROACH AND &0
DEPARTURE PROCEDURES (RWY 24 OPERATION)
58 PRELIMINARY CONCEPT OF INSTRUMENT APPROACH AND 559
DEPARTURE PROCEDURES (RWY 01 OPERATION)
59 'PRELIMINARY CONCEPT OF INSTRUMENT APPROACH AND 5. 30
DEPARTURE PROCEDURES (RWY 19 OPERATION)
6-1 DIMENSION OF NEW APRON (8-7) 6-7
7-1 ORCGANIZATION CHART OF DINACIA 7-2
7-2 ORGANIZATION CHART OF DGIA 7-3
8-1 PROJECT DEVELOPMENT SCHEDULE 8-3
8-2 CONSTRUCTION SCHEDULE OF AIRFIELD FACILITIES 8-10
8-3 CONSTRUCTION STAGE 1 (Early of 1881) 8-11
8-4 CONSTRUCTION STAGE 2 (Last Half of 1891) 8-12
8-5 CONSTRUCTION STAGE 3 (Early of 1992) 8-13
8-86 CONSTRUCTION STAGE 4 (1992) 8-14
8-7 CONSTRUCTION STAGE 5§ (Early of 1993) 8-15
8-8 CONSTRUCTION STAGE 8 (Middle of 1993) 8-186
8-9 CONSTRUCTION STAGE 7 (End of 1993 and 1994) 8-17
8-10 |CONSTRUCTION SCHEDULE OF'TERMINAL AREA FACTLITIES 8-19




LIST OF FIGURES

(Page)

8-11 CONSTRUCTION SCHEDULE OF AIR NAVIGATION 821
FACILITIES .

11-1 PROPOSED PROJECT IMPLEMENTATION ORGANIZATION 11-2




CONCL.US ITON

SUMMARY



CONCLUSIONS AND SUMMARY

1. CONCLUSIONS

1-1.

The_re?ults:of the Study reveal that manj:of the' Aifport‘s
airfield and airrnavigation facilities suffer deterioration
due to age, possibly bringing about enforced closure of the

~airport to 1international traffic, and posing serious

operational safety problems in the near future, unless
correctivée measures are taken urgently. Since it is- the
only international airport in Uruguay, its improvement to
international operational standards should be the utmost
concern of the country. It is, therefore, strongly
recommended that the Project, at least in  Grade 3, be
implemented as early as possible, making every effort. to
find some means of financing

No significant technical difficulty is anticipated in the
implementation of the Project, and no probliem should arise
Tor nighttime construction,

The Project is economically feasible, in either Grade 1%,
Grade 2** or Grade 3""*, since the economic internal rates
of return (EIRR) are 16.1%, 17.5%, and 19.9% respectively,
while the "Opportunity Cost of Capital“ in Uruguay is
understood to be 12%.

The financial internal rate of return (FIRR) shows a
negative value for the Project, inm all cases of Grade 1,
Grade 2, and Grade 3. '

It is concluded that the Project 1is not financially
feasible under the current airport tariff structure if the
Alrport 1s fo continue to run on a self-supporting
accounting principle. '

However, with 100% revenue increase in Grade 2 and Grade 3,
the FIiRR is ralsed to a positive value of 5.7% and 7.7% for
the Project.

It can therefore be anticipated that Short-term Development
may be implemented either in Grade 2 or Grade 3, depending
on the financlal arrangement obtainable.



In '_case of Grade 2, Short-term Development may be
implemented under the new airport tariff by obtainig a
foreign soft loan for the foreign portion, and the
Government's own financing for the local portion without
any repayment.. ' :

in case of Grade 3, Short-term Development may be
implemented under the new airport tariff by obtaining a
foreign hard loan for the forelgn portion, and the
Government's own financing for the local portion without
any repayment.

* LA U 2 3 B

Grade 1: This plan corresponds to the projected size and
volume of facilities 1in full as required by
D.G.I.A.(See Finalized facility requirements in

Chapter 5.}

Grade 2: This plan excludes RWY 01/19 extension and

upgrading to ILS CAT-I runway.

Grade 3: This plan represents the minimum projected size
and volume of facilltles to enable Carrasco
airport to¢ operate as the only international
airport in Uruguay.



2. SUMMARY

Forecast of_FutUre'Air Traffiec Demand

Forecast Is made for the period of 15 years from 1995  to

2010 at the interval

of every 5§ years

based on-

the

elasticity values method obtained by analyzing relationship
with GDP and alr fare.

The result is shown in Table'A.

' Table A Summary of Forecasted Air Traffic Demand

at Carrasco International Airport

Year _

1988 1995 2000 . 2005 2010

Item of Forecast C . ,
: Int'l  Puente Aereo 337 498 572 656 752
Passenger Other Int'l 301 448~ 604 814 1,098
(1000 Domestic 43 48 . 50 53 55
persons)| Total 681 994 - 1,226 1,523 1,908
Freight int'l  Export 7,042 10,843 14,310 18,886 = 24,925
{cargo) Import 5,263 10,522 16,127 24,719 37,887
ton Total 12,305 21,365 30,437 43,605 62,812
Int'l Puente Aereo 4,320 6,385 7,330 - 8,000

Alrcraft

Other Int'l 4,700 6,400 8,390 - 11,437
Movement Domestic 2,870 3,200 3,335 - 337240
Total 11,890 15,985 19,055 - 22,677




Facility Requirements

Facility requirements  are analyzed taking into
consideration. the latest applicable standards for this

‘Project, and recommended practices of ICA0Q, IATA, FAA and

CAB of Japan, in accordance with the basle data, such as
design year, longest route, peak factors, aircraft mixture,
and simuldated flight schedule that have been derived from
the forecast of air traffic demand for 1895, 2000, and
2010. The result is shown in Table B.
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Short-term Development_Plan (1995 & 2000)

Table C presents the summary of the

improvement

for Short-term Development of the Project.

Table C Summdry'of Improvement Measures for
Short-term Development (1995 % 2000)

measures

Facility 1995 (urgent phase) 2000
Runway .
068/24 Reinforcement to -
(Primary) accommodate B747-400
and extension of R/W
strip {to 300 m).
Reconstruction of
shoulders
01/19 Reinforcement to Extension (1750 --
accommodate BT37 in 2050} in case of
case of Grade 1 and 2. Grade 1.
Taxlway ‘
A, B, Reinforcement to
c2, D. accommodate B747-400
Apron Reconstruction: Reinforcement:
5-4, S-5, §-8 5-3
Repairs:
-1, 5-2, §-3
Comstruction of new
apron
two for BT47-400
two for BT707 or B767
Passenger Install X-ray and Modification of
Terminal metal detector central building
Install one baggage
claim
Cargo Construction of Install "work
Terminal open shed station"

Modification of
existing building
Providercold

storage




Facllity

1895 (urgent phasé)

2000
Other _
Buildings Reconstruction of
G.S.E. building
Radio Nav. Renew ILS equipment - Install two (2)
for RWY 24 and VOR/DME and one (1)
terminal VOR/DME NDB. '
ATC Renew VFR and VHF - Install ILS equipment
air-to-ground for RWY 19 in case of
equipment Grade 1.
Communi - Renew HF stations
cations
Meteoro- Renew equipment
logical Install RVR system
Electrical |
Power Install new equip-
Supply ment with station
Visual Install ALS for - Install ALS for
Aids RWY 24 and SLAS for RWY 19 in case

RWY 06

Renew and install
lights for RWY 06/24,
TWYs A, B, C2, D.

Renew aerodrome
beacon and apron
flood-iights

- Install PAPI, SALS

and other lights for
RWY 01/19 in case of
Grade 1 and 2.

of Grade 1.




2-4 Project Schedule and Construction Cost Estimate

Project schedule for Shori-term Developmént'is established
as shown in the followling chart:

1989 | 1990 1991 1992 1993 1994
360913 8 9143 6 9143 8 9143 6|9 143 6 3 12

P T TR ST, AP

(Fasibility Study)

Financing ,

Proparation %’/ b

Detailed Design ' Sty S S QUOIE IO RO S
and Tender G Zaa "" R S DU N PR S,

Aicfiold Facilities

Terminal Facilities

Air Nav. Facililies meebees

Construction and

Installation
. Gradp 2,13 Gra
L ¥ i
Airfield Facitities
Griade| 1, % 3
v
Terminal Facilities srnbes-frectan- A
Gilade| 2, & Gr

P

Air Nav, Facilities i [ T T

Construction cost for Short-term Development is estimated
as Labulated in Table D.

¥, O wE, BEX _

Grade 1: This plan corresponds to the projJected size and
volume of facilities 1n full as required by
D.G.I.A.{See Finalized facllity requirements 1In
Chapter 5)

Grade 2: This plan excludes RWY 01/19 extensilon and
upgrading to ILS CAT-I runway.

Grade 3: This plan represents the minimum projected size
and volume of facilities to enable  Carrasco
alirport to operate as the only International
airport in Uruguay.

0—10
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Economie and Financial Evaluation

Economic Evaluation

The economic cost-benefit analysis based on the cash flow
of - the - economic costs and the direct tangibles of the
economic benefits identified from the viewpolnt of
national economy indicates an economic¢ internal rate  of
return  (EIRR) of 16.1% for the Grade 1, 17.5% for the

" Grade ‘2, and 19.9 Tfor the Grade 3. These values,

therefore, 1indicates that the Carrasco International
Alrport Development Project is economically feasible from
the viewpoint of the national economy of Uruguay, since
the opportunity cost of capital of the country is
understood to be 12.0%.

Financial Evaluation

The financial cost-benefit analysis based on the cash flow
of +the financial cost and financial benefits indicates a
financial internal rate of return (FIRR) in negative value
in all cases of Grade 1, Grade 2, and Grade 3 under. the
current airport tariff structure. :

To obtain a higher FIRR value it is necessary either to

‘reduce ~ the <financlial costs, especially the initial

construction cost, or to increase the airport revenues.
It would be Impractical to expect any reduction 1in the
construction cost. On the other hand, in order to
increase the revenue, airport tariffs should be raised
above the current level.

The 1level of the current airport tariff of Carrasco
Airport is very low compared with those-of the
neighbouring countries.

If the tariff were raised to 100% of the current level,
the FIRR either in Grade 2 or Grade 3 would yield 5.7% or
T.7%.

The Short-term Development may therefore be implemented

“glther In Grade 2 or Grade 3, depending on the financial

arrangement obtainable.

In case of Orade 2, Short-term Development may be
implemented under the new airport tariff by obtainig a
forelgn  soft loan for the foreign portion, and the
Government's own flnancing for the local portion without
any repayment. '

In case of Grade 3, Short-term Development may be
implemented wunder the new airport tariff by obtalning a
foreign hard loan. for the foreign porticon, and the
Government's own financing for the local portion without
any repayment,

0—12



Finalized Airport Master Plan
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CHAPTER 1

BACKGROUND OF PROJECT



Introduction
Background

Oriental Republic of Uruguay i1s an agricultural country in
south-eastern part of the South American Continent. It is
bounded on the east by the Atlantic Ocean, and on the
north by Brazil and on the west by Argentina.

Carrasco International Airport handles most of the
country's alir passengers and air cargo as the main gateway
of the country, and serves 21 international air routes
with 11 countries.

The airport was opened in 1947, but its facilities are
physically getting old and outdated today, especially 1in
respect of its runway and taxiway pavements, and
navigational aids and telecommunication facilities except
passenger terminal building which were recently expanded
and modified. Furthermore, due to the recent increase in
air traffie caused by the introduction of wide-body
aircraft, functional relation between passenger terminal
building and passenger loading apron 1In particular is
beginning to show inadequacy.

Under these circumstances, the Government has given a high
priority to the Carrasco International Airport Development
Project, so as to enable safe and efficient operation for
wide-bodied aircraft. In response to the request of the
Government of Uruguay to conduct a feasibllity study for
the Project, the Japan International Cooperation Agency
{hereinafter referred to as JICA) sent a preliminary
survey mission to Uruguay in November 1988 to define the
Project; and the Scope of Work for the feasibility study
was agreed upon between the O0ficina de Planeamiento ¥
Presupuesto and the JICA Mission.



1-1-2 Objective and Scope of the Study

(1)

Objectives

The objectives of the study are

1)

2)

3)

(2)

to formulate the Ma%ter Plan for: long term development
of Carrasco International Airport and

to evaluate technical, economical and financial feasi-
bility for the short-term development of Carrasco
International Airport, so as to facilitate the optimum
planning of the project to ensure safe and efficient
operation of wide-bodied aircraft; and

to pursue technology transfer to Uruguayan Government
personnel 1n the course of the Study.

Scope of the Study

For the purpose of achieving the objectives mentioned
above, the Study will include the following tasks:

1)

2)

3}

Evaluation of Existing Situation .

- Review of available data and information relevant
to the Study; _ _

-~ Supplementary fileld surveys; and

- Evaluatlon of Exlsting facilities and thelr use.

Development to the Airport Master Plan
Appropriate Master Plan will be prepared for the
target year 2010; it will consist of:
Forecast of future ‘air transport demand;
- Demand and capacity analysis;
- Analysis of facility requirements;
- Alrport layout planning;
- Preparation of airport development plans in
various grades and
- Preparation of preliminary cost estimates.

Feasibility Study

Feasibility S$tudy will be conducted for Short-term
Development Plan for the target year 1995, as a
urgent development, and 2000 within the framework
of Master Plan. It will include:

- Finalized facility requirement;

- Preliminary design; .

- Cost estimate;

- Construction schedule;

-  Economic analysis;

- Financial analysis;

- Preparation of project Implementation programme ;
- Alrport management and operation plan; and

- Staff training programme,



1-2.

1-2-1

Socio-economic Situation

Geographical Situation

Thé Oriental Republic of Uruguay is bordered by Argentina
in the west and Brazil in the ecast. It lies between 30: -

35 degrees south latitude, and between 53 - 58 degrees

west longitude as shown in Fig., 1-1.

The total area of the country lIs approximately 176,000
sqg.km, almost all of large wide plains.
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‘Soclal Situation

Uruguay has become indebendent  in. -1828 from Brazil.
Uruguay has become the first soclal welfare country in
19083 among the Latin American countries. :

The population of the country is now approximatély

- 3,085,000 (1988), and live on export of wine and -

agricultural products such as meat, wheat, rice, wool, and
fish, : '

It boasts of high literacy based on enhanced educational
and cultural standards, supported by well-established
social security system. ' :

Economic Development of the Country
The Gross National Product is estimatéd to have increased

by 0.6 percent annuvally in constant prices during 1976-
1986 and the current GNP per capita was estimated at

US$1860 in 1986.

Agriculture is the dominant industry - in the country,
accounting for 11 percent in GNP, and occuples together
with agriculture-related industry nearly all of its - total
exports. '

For the economic development of the nation, the Government
has adopted the following objectives 1in the Economic
Reactivation Plan of 19886:

- to increase export of domestic products;
~ to decrease financial deficit; and
- to alleviate the structural inflation.



Transport System

The transport system of the country consists of road, air,
rail and water transports. However, among those modes of
transport, alr transport plays a very significant role 1n
the carriage of passengers: 320 million pax-km in 1984,
while the railway transport achieved only 3.4 million pax-
km in 1981. Fig. 1-2 shows transport system in Uruguay.

The = Government has placed considerable emphasis on the
development of aviation industry in recent years. Alr
services are expected to take an increasing share as they

. can offer fast point-to-point services to such

neighbouring countries as Brazil, Argentina and the United
States of America.

Alr services have also played an important role in the
development of tourism. Although foreign tourists
numbered 620,000 in 1983, with tourism revenue of US$150
million, the Tfuture demand is obviously promising with
beautiful - beaches along the coast and old FEuropean-style
towns with ethnic atmosphere attracting a greater number
of tourists not only from the South American countries but
also from North America and Europe.
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Air Transport System in Uruguay

Internatibnal commercial scheduled air operation are being

carried out by PLUNA (Primeras Lineas Uruguayas de

Navegaclion Asrea), a state owned company, and domestic air

‘transport is provided by TAMU {Transportes Aereos
Militares Uruguayos).

There are 23 airports; 12 are classified as international,
3 as national, and the rest as small alrstrips. Four
alrports in the tourism corridor (Carrasco, C.A. Curbelo,
Colonia and Laguna del Sauce) handle over 90 percent of
the country's passenger traffic.

The most 1important airport 1is Carrasco located near
Montevideo. It was designed in 1947 to meet the traffic
conditions and using the equipment available at that time.
It is a maln international gateway airport of Uruguay.

Carrasco Airport has only six domestic air routes
(Paysandu, Salto, Artigas, Rivera, Melo and Tacuarembo).
Apart from this hub-and-spoke services, there are no
services between the local alrports.

Alr transport has developed slowly in Uruguay, principally
because - of the concentration of population in the
Montevideo area, the country's favourable topography
resulting in abundance of surface transportation and short
distance involved. International traffic totalled about
638,000 passengers at Carrasco in 1988.

More +than half of the international passengers were
travellers in the River "Rio de La Plata".

Fig. 1-3 shows the location of international and major
domestic airports in Uruguay, and 6 domestic air routes.
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Carrasco Ihternatidnal Airport

Carrasco International Airport is located 25 km southeast
of the center of Montevideo city in line with the Rio de
la Plata.

The airport was opened in 1947. Existing layout of the
alrport is as shown in Fig. 1-4,

The alrport facilities, however, are physically getting
0old and- outdated today, especially in respect of 1its
runways = and  taxiways pavements, and navigational and
telecommunication facilities. Furthermore, due to the
recent  increase and qualitative evolution of air traffic
caused by the iIntroduction of wide-body Jjet aircraft such
as DC-10, Conventional B747 and B747-400, functional
relation - between terminal building and loading apron in
particular is beginning to show inadequacy. '

The airport handled 338 thousand puente aereo (air
shuttle) passengers, 300 thousand other international
passengers, totaling 638 thousand international
passengers, and 43 thousand domestic passengers in 1988,
and is now served by, besides the national flag carrier of
PLUNA, and the other foreign carriers.
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CHAPTER 2
FTORECAST OF FUTURE AIR

TRAFEFILIC DEMAND



2-1  The Present Air Traffic'Demand at Carrasco

2-1-1

2-1-2

International Passenger

International passenger. traffic increased steadily during the
three years after 1985, The number of internatiohal fpassengefs
was 638,000 in 1988 while.it was 458,000 in 1985. " Between 1985
and 1988, international pésSenger'1ncfeased_at'an average annual
growth rate of 11.7%. The passengers consisted of 53% (337,674)
on Puente Aereo and 47% (300,667) on other international flights.
(Table 2-1)

(1) Puente Aereo Passenger

In 1985, 278,556 passengers were handled. Between 1985 and
1988, number of passengers Increased at an average annual
growth rate of 6.6%. (Fig. 2-1)

(2) Other International Passenger

In 1985, 179,827 passengers were handled. Between 1985 and
1988, number of passengers increased at an average annual
growlth rate of 18.7%. (Fig. 2-2)

Domestic Passenger

Domestic passenger traffic has decreased during the last four
years. The number of passengers handled in 1984 was 56,700,
while it was 43,200 in 1988, an average decline of 7.0 perdent a
year. Carrasco has six domestic air routes. Among them, Rivera
and Salto are important routes, representing 30% and 28%
respectively of total domestic passenger traffic in 1988 (Artigas
15%, Paysandu 12%, Melo 12% and Tacuarembo 3%). (Fig. 2-3)



2-1-3 International Cargo.

2-1-4

2-1-5

After 1984, international air cargo traffic has increased. About
8,500 tons of air cargo were handled in 1984, whilie 12,300 tons
were  handled in 1988, showing a yearly average increase of 9.7

(1)

(2)

percent,

Export Cargo

Export cargo handled In 1984 was 5,078 tons, while 7,042
tons were handled in 1988. Between 1984 and 1988, export
cargo increased at an average annual rate of 8.5%.(Fig. 2-4)

Import Cargo

Import cargo handled in 1984 was 3,409 tons, while 5,263
tons were handled in 1988. Between 1984 and 1988, export
cargo increased at an average annual rate of  11,5%.
(Fig. 2-5)

Domestic Cargo

There is no domestic air cargo transport 1n Uruguay.

General Aviation

Almost all of general aviation are operated at Adami Airport near
Montevideo.



Table 2-1 AIR TRAFFIC DATA AT CARRASCO AIRPORT .
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Fig. 2-1 PUENTE AEREQ PAX, GDP & FARE (1980 = 100)
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Filg. 2-4 EXPORT CARGO & GDP (1980 = 100)
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2-2.

2-2-1

2-2-2

Forecasting Approaches for Alr Traffic Demand

The air traffic demand at Carrasco JInternational Airport is

~measured in terms of annual levels of passengers and cargo. - The

air traffic demand is forecast using mainiy two approaches:
direct and indirect forecasting methods. In this- study, the
direct forecasting methods are chosen, depending on the quality
and extent of the data available and the particular
characteristics of each traffic category.

The methods disregard the possibility of the transfer of demand
to or from other transportation modes.

Forecasting Procedure
The procedure of air traffic demand forecasting at Carrasco 1is
shown in Flg. 2-6. The forecasting procedure Is made up of four

steps as follows:

(1) Analysis of air traffic, and factors evaluation of affecting
demand.

(2} Selection of the type of functional relationéhip, and
statistical estimation of coefficients.

(3) Specification of forecasting model, and establishment of
assumptions for forecast.

(4) Forecast of air traffic demand by region.
Forecasting Methods

The two main forecasting methods of air traffic demand are trend
projection and econometric method. '

{1} Trend Projection

Trend  projection is a wseful fool whenever the past
development of traffic has taken place in a  gradual
evolutionary environment and no great changes are expected
in that environment during the forecast period.
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The. mathematical formulations which express to the trend
In each case, the
dependent variable Y is traffic, the independent variable T
is time, and a, b and ¢ are all constants {sometimes called
coefficients) whose values can be estimated from the data.

curves of Flg. 2-T7 are given below.

1. Linear Y
2. Exponential Y
3. Parabolic Y
Lineor  Graph
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(2)

Econometric Method

Econometric forecasting involves determining, on the basis
of historical data, a quantitative relationship between
traffic on the one hand and the more important factors or
variables which influence the level of traffic on the other,
and then using this relationship and forecast of the
underlying variables to derive the traffic forecast. :

The type of functional relationship to be used for ‘an
econometric traffic forecast must be developed through
Jjudgment and experimentation, and the adequacy of the
relationship can only be established empirically through
tests against actual historical data.

" 8ix alternative forms are suggested'below."ln each case,' Y

is traffic, X; , X, and Xy are independent variables, and a,
b, ¢ and d are constant coefficients. The coefficients b, ¢
and d of Multiplicative (A, B and C) are called the
elasticity values, the values of the coefficients a, b, ¢
and 4 which provide the best fit to the data are calculated
on the basis of the least squares criterion.

1. Linear (A) Y =a X

2. Linear (B) Y =a+bXy + Xy

3. Linear (C) Y =a+ bXj + cXg + dXg
4. Multiplicative (A) Y = a'X}

5. Multiplicative (B) Y = axlex§

6. Multiplicative (C) Y = axyex§ad



{(3) Forecast Itens

Forecast 1items of air traffic at Carrasco Airport are

suggested below.
{1) International passenger
Puente Aereo passenger
Other International passenger
{2) Domestic passenger
{3) International cargo

Export{ cargo
Import ecargo

(4) Forecast Years

The future air traffic demand are given for the years
2000, 2005 and 2010,

2—10
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2-3.

Forecasting Model Building .

The .followiﬁg functlons were examined and tested  in terms of
reliability based on the statistic data collected during the
field survey.

- International passenger
PUENTE.PAX = f(GDP, FARE, TIME)
OTHER.PAX = f(GDP, FARE, TINME)

no

- Domestic passenger :
DOM.PAX = f(GDP, FARE, TIME)

- Internatlohal'cargo
EX.CG0 = f(GDP, TIME)
IM.CCO0 = f(GPP, TIME)
Yhere:

PUENTE.PAX = Puente Aereo Passenger

OTHER.PAX = Other International Passenger

DOM. PAX = Domestic Passenger

EX.CGO = Export Cargo (ton)

M. CGO = Import Cargo {ton) _

GDhP = Gross Pomestic Product of Uruguay
(Millions of 1978 NUr$)

FARE = Alr Fare (US$)

TIME = Year (1975 = 1, ..., 1988 = 14)

An air traffic forecast arrived at by projection of past trends
does not expliclitly take into ‘account the way in which wvarious
economic and social conditions affect the traffic development.
In 1liong-term air traffic forecasting, no IiIndicative ftrend
projection can be made in case of Carrasco International Airport,
since the past trends of alr traffic at the Airport have been
sporadlc and Inconsistent. The demands of air traffic at the
airport tend to vary with national economy.

For this reason, the forecast of the air traffic demand is made
on the basis of elasticity values obtained by analyzing
relationship with economic indicator (GDP) and air fare. The
periods of observatlon data used for analysis are for 11 years
from the year 1979 through 1988.

The 1979 data were unstable by because of the second oil crisis.
Therefore, the data of the year were excluded for the statistical
estimation for forecasting model building.

The "goodness of fit" of the estlimated relatiogship is measured
by the coefficient of mﬂltiple determination, r®. If the fit of
the dgta is poor, the r® will be close to 0. If the fit is good,
the r“ will be close to 1.

2-11



2-3-1

250 —er : ; ;

The estimated coefficients of multiple determination (r2) using
different types of functional relatlonship and analysis periods
of data are presented in ANNEX I,

The forecasting models are selected by Jjudging the estimated
coefficient of multiple determination.

International Passenger

The International Passengers are divided into two categories: the
Puente Aereo Passenger and the Other International Passenger.

(1} Puente Aereo Passenger
a. Statistical estimation using two independent variables

The two independent variables are GDP of Uruguay and
International Air Fare in this model.

The forecasting model of the Puente Aereo Passenger was
formulated using data for a nine year period (1980 -
1988)., The GDP and FARE elasticities are equal  to
+3.2118098 and -3.731768 respectively,

Forecasting Model

PUE.PAX = 10~ }-814775 . gppd-2118098 . FARE- 3. 781768

(R% = 0.7579248)

Fig. 2-8 INT.PAX (PUENTE AEREO) (Thousands )

669

558+
599
45@-‘. )
480
358+

308

1980 81 g2 83 .84 198 @8 87 88

— ACTUAL - FORECAST
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b. Statistical eqtimation using three 1ndependent
variables 1nc1uding Argentine GDP.

Alr traffic . passengers between Uruguay and Argentina
will be affected by Uruguayan and Argentine economies:
Therefore, Argentine GDP is taken into account as an
additional independent variable .

The independent variables are thﬁs_ Uriguayan  GDP,
Argentine GDP and International Alr Fare in this model.

The - - Independent variables were examined in terms of
reliability based on the partial correlation coefficient
in the forecasting model.

The partial correlation coefficiént ~ shows the
relationship beétween t{wo variables while holding all
other variables constant.

The partial correlation coefficients of each independent
variable were as follows:

Uruguayan GDP 0.8465
Argentine GDP - 0,2936
Int'l Alr Fare ~0.7209

The value of partial correlation coefficient of
Argentine GDP was very low compared with  other
Independent variables.

These values mean that Argentine GDP need not be taken

inte account as an important ~factor {independent
variable) in this model,

2 —-13



(2)

Other International Passenger

The forecasting model of the Other International Passenger
was formulated using data for a nine-year period (1980 -
1988).

The - GDP of Uruguay was used as the single independent
variable in this model. The GDP elasticity was equal to
+2.4225.

Forecasting Model

OTHER.PAX = 10°5:5455 . pp2.4225

(RZ = 0.5669)

Fig. 2-9 INT.PAX (OTHER INT'L PAX) (Thousands)

1989 8i 82 83 84 1985 88 87 88

— ACTUAL e FORECAST
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. 2-3-2 Domestic Passenger

The forecasting model of the Domestic passenger was formulated
using data for a seven year period (1982 - 1988},

The two 1ndependent varlables are GDP of Uruguay and Domestic Air
Fare in this model. The GDP and FARE elasticities are equal to
+0.4034526 and -0. 64712 respectively.

Forecasting-Model

(R% = 0.5977912)

‘Fig. 2-10 DOM.PAX {Thousands)

18— 1 J T T T T T ¥
198@ 81 82 83 84 1885 - 86 87 88

— ACTUAL -~ FORECAST
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2-3-3 International Cargo

The International Cargo are divided into two categories: the
Export Cargo and the Import Cargo.

{1) Export Cargo

The forecasting model of the Export Cargo was formulated
using data for a seven-year period (1982 - 1988).

The GﬁP of Urupuay was used as the single independent
variable 1in- this model. The GDP elasticity was equal to
+2.2472664.

Forecasting Model

2

{R“ = 0.81803486)

Fig. 2-11 EX.CGO

{Thousand Tons)

a I 4 I 1 LI ¥ ¥ 1 I
1980 81 g2 83 84 1985 86 87 88

~ ACTUAL - EORECAST
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(2} Import Cargo

The forecasting model“of the Import Cargo was formulated
using data for a seven year perled (1982 - 1988). R

The GDP of Uruguay was used as the single Independent
variable in this model. The GDP elasticity was egual to’
+3.4588935, : . : '

Forecasting Model
IM.CGO = 10°11.96428 . np3.4588935

2

(R® = 0.8371423)

Flg, 2-12 1M.CGO " (Thousand Tons)

“Iang T T T 1 T T J {
1980 81 82 83 84 198% g6 87 88

YEAR
~— ACTUAL - FORECAST
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2-4

Forecasting Assumptions
The asSuﬁptions used for forecaéts are listed in Table 2-3.
Table 2-83 THE FORECASTING ASSUMPTIONS FOR AXR TRANSPORT DEMAND
Forecast items INT.PAX INT.CGO
R Puente Other DOM. PAX
Assumptions Aereo Int'1 Export Import
1. Base year data{1988)
, 5,263
(1,000), (ton) 337 301 43 7,042
#1) 1990 - 2010
2. GDP . N 2.5 2.5 2.5 2.5 2.5
Growth Rate (%)
#2) 1990 - 2010
3. Change in 1.4 -- 0.0 - --
Air Fares (%)
4, GDP Elasticity 3.2118 2.4225 0.4034 2.2472 3.4588
5. Price Elasticity -3.7317 -- -0.6471 ~-- --

#1) GDP Growth Rate

#2)

It 1s considered adequate to assume the annual average
growth rate at between 2 and 3% as projected by Oficina de
Planeamiento y Presupuesto, Uruguay.

Change in Air Fares

The change rate shown 1is the annual change rate of
international air fares between Carrasco and main cities of the
world for a ten year period. In case of the forecast of the
domestic passenger, it was assumed that the change in domestic
air fare would be maintalned at zero under the national policy.

2 18



2-5

Forecast of Future Alr Traffic Demand at Carrdsco

The results of the air traffic forecasts are set out in Table 2-4
together with a summary of the annual growth rates.

Table 2-4 Forecast of Future Alr Traffic Demand at Carrasco

Intornational Passeng?r () (),-' () © G
s N R G . =(O1O)
Year @ © Domestic | Total Export Iaport | Total
Puente Other =((A* @) | Passenger] Passenger] Cargo Cargo Cargo
Aereo ~Int’1 Total (1,000 | (1,000 | Crom) (ton) ~(ton)
19881 337 30 638 43 681 1. 042 5,263. 12,-305
1995 498 448 846 48 994 | 10,843 10, 522 21.365.
2000 572 604 1. 176 50 1,226 | 14, 310 16,127 30, 437
2005 656 814 1, 470 53 1,523 .18.886 24,719 1 43,605
2010 52 1,098 1,850 59 1, 805 24, 925 37, 887 62, 812
Annual Growth Rates (95)
1988 ' - '
§ 4.5 6.0 5.2 1.3 50 6.1 9.8 7.8
2000
2000
§ 2.8 8.1 4,6 1.0 4.5 51 3.4 7.5
2010
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2-5-1 International Passenger Demand
(i) Puente Aereéo Paséenger Demand

Number . of Puente Acreo Passengers at Carrasco Alrport will
rise to 572,000 in 2000 and 752,000 in 2010.

Average annuval growth rate of passengers is 4.5% between
1988 and 2000 and 2.8% for 2000 - 2010.

For the sensitivity analysis, three cases of the future

- passenger demand, based on three different assumptions of
the GDP growth rate, are shown in Fig. 2-13, Table 2-5.

Fig. 2-13 PUENTE AFREO PASSENGER (Millions)

= ——
1 . I
ot
e — R
P
I L N U LI R

8

s 20 0 i e e e o e ¢
79 8t 83 1985 87 89 1855 2005
1988 82 84 85 88 1582 20ea 2019

== ACTUAL - GEP2.5% --- 6DP2.9% -~ GDP3.0%

Table 2-5 PUENTE AEREQ PASSENGER BY CASE

(1,000)
Year 1988 | 1995 | 2000 | 2005 | 2010
oop 3.0 337 539 | 669 829 | 1,029
gii:zi 2.5 337 498 | 572 656- 752
Rate (%) | 5 9 337 461 489 518 550
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(2) Other International Passenger Demand

Number' of Other International Passenger at Carrasco_ Alrport
will rlse to 604,000 in 2000 and 1,098,000 in 2010.

Average annual growth rate of the passenger is 6.0% between
1988 and 2000 and 6.1% for 2000 - 2010.

For the sensitivity analysis, three cases of the future
passenger demand, based on three different -assumptions of
the GDP growth rate, are shown in Fig., 2-14, Table 2-6.

Fig. 2-14 OTHER INT'L PASSENGER (Mi1lions)

4

Tl il rirrryyrrrrrirrrrrrrrerrie i
7% 81 831 87 89 1995 2085
1960 82 84 86 88 1992 2808 2819

0

— ACTUAL - GDP2.9% --- GIP2.9% -- GOP3.9%

Table 2-6 OTHER INTERNATIONAL PASSENGER BY CASE

{1,000)
Year 1988 1995 2000 2005 2010

GDP 3.0 301 475 679 972 1,390
Annual '

2.5 301 448 604 814 1,098
Growth
Rate (%)

2.0 301 422 536 682 866
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(3) Total Internétional Passenger Demand

Total International Passenger Demand is the sum of Puente
Aereo Passenger Demand and Other International Passenger
Demand. '

Number of Total International Passenger at Carrasco Airport
will rise to 1,176,000 1in 2000 and 1,850,000 in 2010.

Average annual growth rate of the passenger is 5.2% between
1988 and 2000 and 4.6% for 2000 - 2010. :

Three céaseés of the future total international passenger
demand, -based on the different assumptions of the GDP growth
rate, are shown in Table 2-7.

Tabte 2-7 TOTAL INTERNATIONAL PASSENGER IN THREE CASE

(1,000)
Year 1988 | 1995 | 2000 | 2008 | 2010
cop 3.0 638 | 1,014 | 1,348 | 1,801 | 2,419
gzg:zi 2.5 638 946 | 1,176 | 1,470 | 1,850
Rate (%) | 5 6 638 883 | 1,025 | 1,200 | 1,410

Noie: Total Internatlonal Passenger Forecast

The forecasting model of the Total International Passenger (Sum
of Puente Aereo Passenger and Other International Passenger)
was estimated using data for a nine-year period (1980 - 1988).

The GDP of Urugusy and the International Air Fare were used as
the independent variables. The GDP and FARE elasticities are
+2.7447 and -1.3305.

Forecasting Model:

(RZ = 0.7661)

TForecast results of Total International Passenger using
Forecasting Model (TOTAL.PAX) are as follows:

{1,000)
Year 1988 1895 2000 2005 2010

P 3.0 €638 1,056 1,444 1,975 2,710
Annual
' 2.5 638 988 1,264 1,617 2,068
Growth _
Rate (%)

2.0 638 924 1,105 i,322 1,581
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(4)

International Passenger by Route

International routes to -and. from . Carrasco Airport are
divided Into six regions. The shares (average for a three-
year period, 1986 - 1988) of passengers for these regions
are as follows: '

1. Puente Aéreo 52.0%

2. Other Routes 48.0% {100%)
-1. Reglonals 21.9% (45.7%)
-2, Other South America = 6.7% (14.1%)
~-3. North America 2.3% (4.7%)
-4. Europe _ 4.6% {9.5%)
-5. Others 12.5%  {26.0%}

(#Buenos Alires, Asuncion, Rio de Janeiro, Santiago)

Other International passenger .by route is obtained . by
multiplying the total international passenger by the shares
of regional passenger.

Future international passenger demand by route at Carrasco

Alrport is shown in Table 2-8.

Table 2-8 INTERNATIONAL AIR PASSENGER DEMAND AT
CARRASCO AIRPORT BY ROUTE

Route 1988 1995 2000 2005 2010
Puente Aereo {Aeroparque) 337 498 572 656 752
Regional 157 205 276 372 502
oOther Other South America 56 63 85 1ib 155
Inter- North America 20 21 - 28 a8 52
Europe 34 43 57 77 104 -

national
Others 63 116 158 212 285
Sub Total 301 448 604 | 814 | 1,098
Grand Total 638 946 | 1,176 | 1,470 | 1,850
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2-5-2 Domestic Passenger Demand

{1) Total Domestic Passenger Demand
Number of Domestic Passengers at Carrasco Airport will rtise
to 50,000 in 2000 and 55,000 in 20190.
Average annual growth rate of passengers is 1.3% between
1988 and 2000 and 1.0% for 2000 - 2010.
For the senslitivity analysis, three cases of the future
passenger demand, based on three different assumptions of
the GDP growth rafte, are shown in Fig. 2-15, Table 2-9.
Fig. 2-15 DOMESTIC PASSENGER (Thousands)
168
98
80
A
68 e T T
658 - . .-n.-—rr,uﬁ-ﬁ:ﬁ‘-':?‘:"?: B
49 -
38
20 -
16
T Tosnemm a7 g0’ ' qoes | T T ogms
1989 82 84 86 88 1998 2000 2018
~— aCTuaL - GDP2.5% --- GDP2.0% —- GDP3.9%
Table 2-9 DOMESTIC PASSENGER BY CASE
ASE (1,000)
Year 1988 1995 2000 2005 2010
GDP 3.0 43 48 b1 54 57
Annual
2.5 43 48 50 53 5141
Growth
Rate (%) :
. 2.0 43 48 50 52 54
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(2)

Domestic passenger by route

Domestic routes to and from Carrasco Airport are six routes. .
The shares (average for a three year period, 1986 - 1988) of
passengers for these routes are as follows: :

1. Paysandu ’ 13.5%
2. Salto 26.9%
3. Artigas 15.0%
4, Rivera 28.7%
5. Melo : 13.3%
6. Tacuarembo : 2.6%

Domestic passenger by route is obtained by multipiying the
total domestic passenger by the shares of Tregional
passenger.

Future domestic passenger demand by route at Carrasco

Airport is shown In Table 2-10.

Table 2-10 DOMESTIC AIR PASSENGER-DEMAND oF
CARRASCO AIRPORT BY ROUTE

(1,000)

Route 1988 1995 2000 20056 2010
Paysandu 5 6 7 T 7
Salto 12 13 13 14 i5
Artigas 6 7 T 8 8
Rivera 13 14 14 15 16
Melo 5 6 7 7 7
Tacuarenbo 2 2 2 2 2
Total 43 48 50 53 55
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2-5-3 International Cargo Demand

(1)A Export Cargo Demand

EXportVCargo demand at Carrasco Airport will rise to 14,310

tons 1n 2000 and 24,925 tons in 2010.

Average annual growth rate of export cargo is 6.1% between

1988 and 2000 and 5.7% for 2000 - 2010.

For the sensitivity

are

analysis, three cases of the future cargo demand, based on
three different assumnptions of the GDP growth rate,
shown in Fig. 2-16, Table 2-11.
Flg. 2-16 EXPORT CARGO (Thousand Tons)
58
48 -1
30 - //
//
- o
20 /f ..........
18 _.._,,..w--"':‘?':f:"i-"l{;':.:. """
B|I|lllllllllIIIllIIIIIIIilli!IIi
@ 81 83 1985 87 89 1985 2085
1980 82 84 86 88 1990 2002 2818
— aCTuaL e GDP2.%5% --: GDP2.8% --— GDP3.8%
Table 2-11 EXPORT CARGO BY CASE
{ton)
Year 1988 1995 2000 2005 2010
GDP 3.0 7,042 11,452 15,964 22,263 31,019
Annual
2.5 7,042 10,843 | 14,310 18,886 24,925
Growth
Rate (%)
2.0 7,042 10,263 12,821 16,0186 20,008
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(2)

Import cargo demand at Carrasco Airport will rise to 16,127

Import Cargo Demand

tons in 2000 and 37,887 tons in 2010.

Average anhudl growth rate of import cargo is 9.8% between

1988 and 2000 and 8.9% for 2000 - 2010.

For ‘the sensitivity analysis,.three cases of the future
cargo demand, based on three different assumptions of the

GDP growth rate, are shown in Fig. 2-17, Table 2-12.

Flg 2-17 IMPORT CARGO

{Thousand Tons)

58 —
oy
il //
s
3@” /
pay
e
P ' //'
P
S
PP citi
18- e
B L 2 L D T L i A e | 1L N D L R L e e B e e
9 81 83 1985 87 8% 1995 20905
1980 82 84 86 88 1998 200a 2p18
= OCTURL - GOP2.5% --- GDP2.@% . - - GDP3.8%
Table 2-12 IMPORT CARGO BY CASE
{ton)
_
Year 1988 1995 2000 2005 2010
cop 3.0 | 5,263 | 11,446 | 19,084 | 31,818 | 53,050
Annual 2.5 | 5,263 | 10,522 | 16,127 | 24,719 | 3
Growth T ’ ' ’ ? 7,887
Rate (%)
2.0 1 5,263 | 9,669 | 13,618 | 19,180 | 27,013
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(3) Total International Cargo Demand

Total International Cargo Demand is the sum of Export Cargo
Nemand and Import Cargo Demand.

The total International cargo demand at Carrasco Alrport
will rise to 30,437 tons in 2000 and 62,812 tons in 2010.

Avérage annual growth rate of the international cargo demand
is 7.8% between 1988 and 2000 and 7.5% for 2000 - 2019.

Three cases of the future total international carge demand,
based on . three different assumptions of the GDP growth rate,

are shown in Table 2-13.

Table 2-13 TOTAL INTERNATIONAL CARGO BY CASE

{ton}
Year 1988 19596 2000 2005 2010 -
GDP 3.0 | 12,305 | 22,898 | 35,048 54,071 | 84,069
Annual
2.5 1 12,305 | 21,365 | 30,437 | 43,605 | 62,812
Growth
Rate (%)

2.0 1 12,305 | 19,932 | 26,439 | 35,196 | 47,021
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2-5-4 TInternational cargo demand by route

International air freight routes to and from Carrasco Airpdrt are
divided into six reglons. The shares (average for a three year
period, 1986 - 1988) of air freights for these regions are as

Tollows:

1. Buenos Aires 9.9%
2. Regionale 10.3%
3. Other South America 7.0%
4. North America 34.2%
5. Europe 18.6%
6. Others 20.0%

{xAsuncion, Rio de Janelro, Santiago)
International cargo demand by route is obtained by multiplying
the total international cargo by the shares of regional air

freight.

Future International cargo demand by route at Carrasco Alrport is
shown In Table 2-14.

Table 2-14 INTERNATIONAL AIR CARGO DEMAND BY ROUTE

{ton)

Route 1988 19956 2000 2005 - 2010
Buenos Alres 1,219 2,114 3,014 4,317 6,218
Regional 1,267 2,201 3,135 4,491 6,470

Other

s 2, ,05 ,
South America 870 1,496 131 3,052 4,397

North Amerlca 4,204 7,307 } 10,409 | 14,913 { 21,482

Europe 2,289 3,974 5,661 8,111 | 11,683
Others 2,456 4,273 6,087 8,721 | 12,562
Total 12,305 | 21,365 | 30,437 | 43,6056 | 62,812
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ANNEX X
ESTIMATED COEFFICIENTS OF

 MULTIPLE DETERMINATION

| 112_’;30 h




1. Pgente Aereo Passenger ('80~88) (‘8'15?’88.) ' ('8252'88)
1. Linear 0.5340 | 03414 | 10.0564
T | 2. Exponential 0.5180 03116 0.0446 |
3. Parabolic 0.9777 0.9433 0.8380
4. Linear (A) 1 0.5025 10,5286 0.2634
: 5. Linear (B) 0.7485 0.7559 - 0.3373
6. Multiplicative (A) 0.5365 0.5318 0.2885
7. Muliiplicative (B) *  0.7579 0.7174 0.3414
2. Other Int'l Passenger ('80|3~2‘88) (’81Ff'88) (‘SZT'QB)
1, Linear 0.0011 0.0364 10,0578
T [ 2. Exponential 0.0008 0.0385 - 0.0758
3. Parabolic 0.4703 0.4993 0.7231
4. Linear (A) 0.4926 0.4684 '0.7200
e |5 Linear (B) \
6. Multiplicative (A} *  0.5669 0.5439 0.7668
7. Multiplicative (B) 0.9123
3. Total Int'l Passenger (‘80'12'88) ('81ff'88) (’8252‘88)
. Linear 0.2620 0.0445 0.0037
T | 2. Exponential 0.2186 0.0319 0.0096
3. Parabolic 0.8727 0.7469 0.7843
4. Linear (A) 0.6418 0.6532 0.5721
: 5. Linear (B) 0.7335 0.6771 0.7059
6. Multiplicative (A) 0.6962 0.6912 0.6247
7. Multiplicative (8) * 0.7661 0.7107 0.7416
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4. Domestic Passenger ('BOFS'BB) ('SIT’BS) ('SZT'BS)
1. Linear 0.0512 0.0731 0.0128
T | 2. Exponential 0.0581 0.0929 0.0233
3. Parabolic 0.2107 0.5295 0.6535
4. Linear (A) 0.1160 0.1419 0.1137
c 5. Linear (8) 0.5665
6. Muitiplicative (A) 0.0821 0.1103 0.0849
7. Multiplicative (8) * 0.5978
>- Export Cargo ('80|12'83) ('81lf'88) (ar~sg)
| 1. Linear 0.0352 0.6771 0.6388
T | 2. Exponential 0.0483 0.6614 0.6094
3. Parabalic 0.6661 0.8022 0.8102
4. Linear {A) 0.3184 0.1997 0.8310
; 5. Multiplicative (A) 0.3110 0.1964 * 0.8180
6. Import Cargo (’80*33’88) ('aiff'ss) ('82}12'88)
1. Linear 0.0245 0.3312 0.7036
T | 2. Exponential 0.0256 0.2986 0.6847
3. Parabolic 0.8477 0.8126 0.8400
4. Linear {A) 0.7426 0.6984 0.8642
; 5. Multiplicative (A} - 0.7544 0.7120 * 0.8371
T: Trend Model
E: Econometric Madel
*: Adopted
Forecasting Model
1. Linear Y=a+bT ;’ _F;f\ni(eor CARGO
Trend 2. Exponential Y =abT GDP : GDPof Uruguay
3. Parabolic Y=a+bT+cT2
4. Linear {A} Y = a+bGDP
Econometiic 5. Linear (8} Y=a+b-GDP+<¢FARE
6, Muitiplicative (A) | Y =aGDP¥
7. M.ul{iplica\ive(B) Y = a:GDPB-FARES
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CHAPTER 3

EXTSTING FACILITY CONDITIONS



in order to evaluate existing situation of alrport facllities,
field surveys were made in two maln parts, namely, 1) a survey of
physical conditions of the facilities, 1ineluding topographic,
geological and pavement surveys, and 2) a survey of how the
facilities are being utilized, and the findings are shown
hereinafter, with supplemental materials compiled in INVENTORY.

Airport facilities are classified into following three groups;

1. Airfield Facilities -----—--- runway, runway strip, taxiway,
apron, and drainage.

2. Terminal Area Facilities —— passenger terminal building,
rescue & fire-flighting, and
G.S.E. building.

aircraft fuel storage, potable
water, sewage, and waste disposal
and incinerator.

1 -

carparks and access road,
aircraft maintenance and general
aviation facillities

3. Air Navigation Facilities —— Non-visual aids -- JLS, VOR/DME,
| NDB, ete.
i
— Visual aids -- ALS, PAPI,
| runway lighting, etc.
[
- Air traffic control facility
!
I— Aeronautical telecommunications
| facility
|
L.

Meteorological facility



3-1.

3-1-1

Alrfield Facilities

summary of alrfileld facilities

(1) Runways

(2)

Carrasco International Alrport was constructed from
1942 to 1943, and has three runways.

The three runways, when built in- 1943, had the
following dimensions and pavement:

RWY0O1/19: 1.750 m x 48'm, cement concrete
RWY08/24: 1,770 m x 45 m, o ditto
RWY10/28: 1,700 m x 45 m, ditto

Of these, RWY06/24 is used as the primary runway, and
this was lengthened and improved three times as
follows:

From 1951 to 1954: to 2,300 m

In 1970 : to 2,450 .m
From 1980 to 1981: Overlay of whole length
to 2,700 m

RWY01/19 1s normally . used for operation - of the
alrcraft smaller than B-737.

B-737 sometimes operates on RWY01/19 when strong wind
comes from north or south.

RWY10/28 1is used exclusively for general aviation
aircraft.

No reinforcement has been made for RWY01/19, and
RWY10/28, except some parts where intersection of
runways.
Taxiways and apron
There are following five taxlways.
1) For RWY06/24
TWY-Alpha (between RWY06/24 and apron)
TWY-Bravo (between RWY06/24 and apron)
TWY-Delta (between RWY06/24 and TWY-B)
2) For RWY01/19

TWY-Charlie (between RWY01/19 and TWY-A)



3)

4)

For RWY10/28
TWY-Echo (between RWY10/28 and TWY-A)

Apron

Apron - was expanded in four stages; from 1942 to
'43, from 1951 to '54, from 1975 to 'T6 and in

1981.

The part built after 1875 is used for DC-10 and
B-747, and the other part for B-707, B-737 and

other small aircrafts.
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Fig. 3-3 HISTORY OF OVERLAY WORKS




(3)

Summary of existing facllities

1) Primary runway and related taxiways

Length Width

RWY06/24: 2,700 m x 45

Runway strip: 3,560 m x 150
TWY - A: ——= 23
TWY - B: - 23
TWY - D: —-——— 23

mn,
m,
m,
m,
m,

Strength
80/F/C/W/U

60/F/C/W/T
B5/F/C/W/T

2} Secondary runways and related taxiways

Length Width

RWY01/19: 1,750 m x 48
Runway strip: 2,450 m x 150
TWY - C: - 23
RWY10/28: 1,700 m x 45
TWY - E: e 18
3) Apron

For B~747 : 3 spots.

DC-10 : 1 spot.

B-707 : 3 spots.

B-737 : 2 spots.

Remarks: Above information is based on AIP URUGUAY.

Strength
22/R/C/Y/T

55/F/C/W/T
22/R/C/Y/T
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